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Abstract
Fabry disease is a rare lysosomal disorder characterized by deficient or absent α-galactosidase A activity resulting from muta-
tions in the GLA gene. Migalastat (Galafold™), a pharmacological chaperone, stabilizes and facilitates trafficking of amenable 
mutant forms of α-galactosidase A enzyme from the endoplasmic reticulum to lysosomes and increases its lysosomal activ-
ity. Oral migalastat is the first pharmacological chaperone approved for treating patients [aged ≥ 18 years (USA and Canada) 
or ≥ 16 years in other countries] with Fabry disease who have a migalastat-amenable GLA mutation. In the FACETS trial in 
enzyme replacement therapy (ERT)-naive patients with GLA mutations amenable or non-amenable to migalastat, there was 
no significant difference between the migalastat and placebo groups for the proportion of patients achieving a ≥ 50% reduction 
in the number of globotriaosylceramide (GL-3) inclusions/kidney interstitial capillary (KIC) at 6 months [primary endpoint; 
intent-to-treat (ITT) population]. In the modified ITT population (i.e. patients with migalastat-amenable GLA mutations), 
relative to placebo, migalastat treatment significantly reduced the mean number of GL-3 inclusions/KIC and plasma lyso-
globotriaosylsphingosine levels at 6 months. Among evaluable patients, migalastat maintained renal function and reduced 
cardiac mass after ≤ 24 months’ therapy. In the ATT RAC T trial in ERT-experienced patients, renal function was maintained 
during 18 months of migalastat or ERT; however, migalastat significantly reduced cardiac mass compared with ERT. Migalastat 
was generally well tolerated in both of these trials. Given its convenient oral regimen and the limited therapeutic options 
available, migalastat is an important treatment option for Fabry disease in patients with migalastat-amenable GLA mutations.
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Migalastat: clinical considerations in Fabry disease 

An oral pharmacological chaperone that selectively and 
reversibly binds to the active sites of amenable mutant 
forms of α-galactosidase enzyme

Convenient every-other-day oral regimen

Reduces substrate accumulation in renal tissue, urine and 
plasma, maintains renal function and reduces cardiac 
mass in ERT-naive and -experienced patients with 
migalastat-amenable GLA-mutations

1 Introduction

Fabry disease is a rare, progressive lysosomal disorder 
caused by mutations in the GLA gene [1]. GLA encodes the 
homodimeric glycoprotein, α-galactosidase A [1], which 
acts in lysosomes to degrade globotriaosylceramide (GL-3) 
and its deacylated form, globotriaosylsphingosine (lyso-Gb3) 
[2, 3]. In Fabry disease, the activity of α-galactosidase A 
is deficient or absent, leading to progressive accumulation 
of glycolipids, primarily GL-3 and lyso-Gb3, in the plasma 
and numerous cell types throughout the body [1, 4]. This 
leads to a variety of clinical manifestations and phenotypes 
with potentially life-threatening complications [1, 4], and 
can have a considerable impact on a patient’s health-related 
quality of life [5].

Fabry disease is broadly divided into “classic” and “late-
onset” phenotypes. Patients with the classic phenotype of 
Fabry disease are typically male, have severely low or unde-
tectable (< 3% of mean normal) α-galactosidase A activ-
ity and develop clinical manifestations in multiple organ 
systems, including the renal, cardiac, nervous and gastro-
intestinal systems [1, 6]. The first symptoms (e.g. chronic 
neuropathic pain and episodic severe pain crises) present 
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within the first or second decades of life; symptomatic organ 
complications [e.g. chronic kidney disease progression to 
renal failure, and left ventricular hypertrophy (LVH) associ-
ated with arrhythmias, strokes and myocardial fibrosis] typi-
cally emerge in young adult patients and eventually lead to a 
premature death [1]. Patients with the late-onset phenotype 
have varied ages of onset and clinical manifestations, with 
typical cardiac and renal symptoms [e.g. LVH and reduced 
glomerular filtration rate (GFR)] presenting in the fourth to 
seventh decades of life [1].

Fabry disease is an X-linked disorder; the GLA gene is 
located on the long arm of the X chromosome [1]. Conse-
quently, female patients with the disease are heterozygous 
and are affected to varying degrees [1], ranging from seem-
ingly asymptomatic to severe [6–8]. Clinical presentation 
varies considerably, even among patients with the same 
genotype [9]. This phenotypic heterogeneity is thought to 
arise partly due to lyonization, in which one copy of the X 
chromosome in all cells is randomly inactivated during early 
embryonic development [10]. Consequently, female Fabry 
patients are a ‘mosaic’ of both normal cells and mutant 
Fabry cells in varying proportions [10]. Clinical symptoms 
in female Fabry patients may arise as a result of skewed X 
chromosome inactivation; for example, when a higher per-
centage of X chromosomes with the mutant GLA gene are 
expressed in a particular tissue [10].

The heterogeneous spectrum of Fabry clinical manifesta-
tions means that an individualized approach to patient care is 
warranted, based on the genotype, phenotype, family history, 
gender and the severity of symptoms of the patient [1]. The 
current therapeutic options for Fabry disease include enzyme 
replacement therapy (ERT) with intravenous (IV) agalsidase 
beta (approved in the USA, EU and elsewhere [1]) or agalsi-
dase alfa (approved in the EU and elsewhere; not approved 
in the USA [1]) every two weeks, and migalastat for patients 
with amenable gene mutations, along with supportive care 
to manage symptoms [1, 5]. The two ERTs are similar, but 
not identical, formulations of recombinant α-galactosidase 
A [11], and both provide clinical benefits in patients with 
Fabry disease [10, 12]. However, ERT is limited by several 
factors, including considerable clinical variation, high costs, 
a frequent incidence of mild to moderate infusion-related 
reactions (which may arise from immunoglobulin antibody 
formation specific to the infused enzyme), a lack of consen-
sus with regards to the optimal age to initiate therapy and 
a life-long burden of biweekly IV infusions (i.e. every two 
weeks) [10, 12, 13].

A novel approach to overcome some of the limitations 
of ERT is pharmacological chaperone therapy using oral 
small molecule agents (as reviewed by Parenti et al. [14]), 
which restores endogenous enzyme activity and degradation 
of GL3 and other disease substrates (Fig. 1) [14, 15]. Oral 
migalastat (Galafold™) is one such agent that is indicated 

for Fabry disease in patients with migalastat-amenable (i.e. 
responsive to migalastat) mutant forms of α-galactosidase 
A (i.e. GLA variants that retain their catalytic activity 
despite abnormal protein folding) [2, 3]. Migalastat is the 
first pharmacological chaperone to be approved for the treat-
ment of patients [aged ≥ 18 years in the USA and Canada; 
aged ≥ 16 years in other countries (Sect. 6)] who have a con-
firmed diagnosis of Fabry disease and a migalastat-amenable 
GLA mutation. This article reviews the efficacy and toler-
ability of migalastat in this patient population, and summa-
rizes its pharmacological properties.

2  Pharmacodynamic Properties 
of Migalastat

Migalastat, a low molecular weight iminosugar analogue of 
the terminal galactose residue on GL-3 [2], binds selectively 
and reversibly to the active sites of amenable mutant forms 
of α-galactosidase A enzyme [16–18]. This binding allows 
migalastat to act as a pharmacological chaperone (occurs at 
sub-inhibitory concentrations of the drug), thereby stabiliz-
ing migalastat-amenable mutant forms of α-galactosidase A 
in the endoplasmic reticulum (ER; preventing retention and 
degradation) and facilitating proper trafficking to lysosomes 
[16, 17, 19]. Once in lysosomes, migalastat dissociates from 
α-galactosidase A as a result of the more acidic pH (compared 
with a neutral pH in the ER) and higher concentration of sub-
strates, allowing the enzyme to break down GL-3 [2, 16, 17, 
19]. Following dissociation from the enzyme, migalastat is 
rapidly removed from the cell and excreted (Sect. 3).

In preclinical  studies,  migalastat  increased 
α-galactosidase A activity in cultured lymphoblasts and 
fibroblasts derived from patients with Fabry disease [15, 
16]. In Fabry transgenic mice expressing mutant forms of 
α-galactosidase A (hR301Q α-galactosidase A Tg/KO and 
TgM/KO mice), migalastat increased α-galactosidase A 
activity [16, 20, 21] and reduced GL-3 [20–22] and lyso-
Gb3 levels [22] in major tissues. Increased α-galactosidase 
A activity and reduced GL-3 levels were also observed in the 
brain [20], indicating that migalastat may cross the blood-
brain barrier.

Migalastat has been reported to have a shorter tissue 
half-life than α-galactosidase A in Fabry transgenic mice 
(typically hours vs. days) [20]. This difference allows for a 
less frequent dosing regimen and an opportunity to achieve 
a maximal pharmacological chaperone effect, with periods 
of optimal enzyme stabilization in the ER and trafficking to 
lysosomes, followed by periods of optimal substrate degra-
dation in lysosomes without migalastat administration [20].

In a phase 1 trial in healthy volunteers, twice-daily oral 
migalastat hydrochloride 150 mg [hereafter referred to as 
migalastat 123 mg; the recommended dose (Sect. 6)] resulted 
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in a twofold greater increase in wild-type α-galactosidase A 
activity in white blood cell lysates at days 4 and 7 than a 
50 mg dose [23].

In phase 2 trials in patients with Fabry disease, oral 
migalastat 123 mg once every other day resulted in increased 
α-galactosidase A activity in the blood, skin and kidney [24], 
reduced GL-3 levels in the urine, skin and certain kidney 
cell types [22, 24, 25] and reduced lyso-Gb3 in plasma [22], 
compared with baseline. These beneficial responses were 
greater and/or more consistent in patients with migalastat-
amenable GLA mutations than in patients with non-amena-
ble mutations (assessed in an ex vivo lymphocyte assay [25] 
or an in vitro assay [22, 24]).

At ≈ 8 times the recommended dose (Sect. 6), migalastat 
did not prolong the QT interval to any clinically relevant 
extent [2].

2.1  Amenability of GLA Mutations

There are more than 1000 mutations in the GLA gene known 
to be associated with Fabry disease [26]; an estimated 35-50% 

of patients with Fabry disease have mutations that are ame-
nable to migalastat therapy [27]. The amenability of GLA 
mutations to migalastat therapy is determined by a validated 
good laboratory practice (GLP) in vitro pharmacogenetics 
assay, which uses human embryonic kidney (HEK) 293 cells 
that have been transfected with individual GLA-containing 
DNA plasmids [28]. In this assay, migalastat-amenable muta-
tions are defined as those in GLA that translate to mutant 
forms of α-galactosidase A and display a ≥ 1.2-fold increase 
in α-galactosidase A activity over baseline and an absolute 
increase of ≥ 3% over wild-type α-galactosidase A activity, 
in the presence of 10 μmol/L migalastat [28]. This amenabil-
ity assay is applicable in both male and female patients and 
does not require patient samples [28]. Moreover, it has greater 
precision, consistency, rigor and quality control [27, 29] than 
a previously developed assay in HEK cells [30]; thus, it better 
predicts the amenability of mutant forms of α-galactosidase 
A to migalastat. However, it must be acknowledged that this 
assay is not intended for use in assisting with the diagnosis of 
Fabry disease or for predicting the pathogenicity of a genetic 
variant [28].

Fig. 1  The mechanism of action of pharmacological chaperones (hex-
agons), which act to selectively bind and stabilize otherwise unstable 
enzymes to enhance or partially restore folding and stability. Pharma-

cological chaperones allow for normal trafficking of enzymes, thus 
increasing enzyme activity in lysosomes. Reproduced from Parenti 
et al. [14] with permission
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3  Pharmacokinetic Properties of Migalastat

Oral migalastat exhibits dose-proportional pharmacokinet-
ics across a dose range of 75–1250 mg [2, 3, 23]. In healthy 
fasted volunteers, migalastat was rapidly absorbed, reach-
ing maximum plasma concentrations  (Cmax) within 1–6 h 
(median 3 h) after a single 123 mg dose [23, 31, 32]. In 
patients with Fabry disease receiving migalastat 123 mg 
once every other day for 14 days,  Cmax was attained within 
an estimated time of 2.6 h (abstract) [33]. Food reduced the 
rate and extent of migalastat absorption to a clinically rel-
evant extent (Sect. 6), with migalastat mean total exposure 
and  Cmax reduced by 37–42 and 15 to ≈ 40% compared with 
the fasted state [2, 3, 34]. The absolute bioavailability of 
migalastat after a single 123 mg dose is ≈ 75% [2, 3].

Migalastat is extensively distributed into organs and tis-
sues, with an apparent volume of distribution of ≈ 89 L 
(range 77–133 L) [2, 3]. No plasma protein binding was 
detected across a migalastat radiolabelled dose range of 1 
to 100 μmol/L [2, 3]. No accumulation of migalastat was 
observed with migalastat 123 mg taken every other day [2].

After a single 123  mg dose, migalastat was rapidly 
removed from the plasma compartment [mean elimina-
tion half-life  (t1/2) of ≈ 4 h], with an apparent clearance of 
12.5 L/h [2]. In healthy volunteers, 77 and 20% of the total 
migalastat radiolabelled dose was recovered in the urine and 
faeces (total recovery of 98% within 96 h) [2, 3, 35].

Migalastat is a substrate for uridine diphosphate glucu-
ronosyltransferase (UGT), a minor elimination pathway, 
based on in vivo data [2, 3]. Migalastat is not a substrate 
for P-glycoprotein in vitro, is unlikely to inhibit or induce 
cytochrome P450 enzymes, does not inhibit human efflux 
or uptake transporter proteins, and exhibits low affinity for 
sodium-glucose linked transporter 1 (SGLT1) as a substrate 
and inhibitor [2, 3].

The pharmacokinetics of migalastat are not altered to a clini-
cally relevant extent by gender or race [2]. In a population phar-
macokinetic analysis, the clearance of migalastat did not differ 
to a clinically relevant extent between patients with Fabry dis-
ease aged ≥ 65 years and those aged < 65 years [3]. In non-Fabry 
patients with renal impairment, exposure to migalastat and  t1/2 
increased with increasing degrees of renal impairment (mild, 
moderate and severe renal impairment were associated with 1.2-, 
1.8- and 4.5-fold increases in exposure relatively to healthy con-
trols, respectively;  t1/2 was 7.7, 22.2 and 32.3 h, respectively) 
[31]. The use of migalastat has not been studied in patients with 
Fabry disease who have severe renal impairment [2, 3], or who 
have hepatic impairment; however, hepatic impairment is not 
expected to affect the pharmacokinetics of migalastat, based on 
the metabolism and excretion pathways [3].

4  Therapeutic Efficacy of Migalastat

The efficacy of oral migalastat 123 mg every other day in 
patients aged 16–74 years with genetically confirmed Fabry 
disease was assessed in two pivotal, randomized, multicen-
tre, placebo-controlled (FACETS [29]) or active compar-
ator-controlled (ATT RAC T [27]) phase 3 trials and two 
open-label extension (OLE) trials [3]. Migalastat efficacy 
assessment for approval in the USA was primarily based on 
data from FACETS [29] due to the double-blind, placebo-
controlled nature of the trial; the ATT RAC T [27] trial pro-
vided the basis for approval in Europe and Japan.

In phase 3 trials, eligible patients were required to have a 
migalastat-amenable GLA mutation based on the initial HEK-
293 assay [intent-to-treat (ITT) population; in FACETS and 
ATT RAC T: n = 67 and 57] [27, 29]. Post-randomization, with 
the availability of the GLP-validated HEK assay (Sect. 2.1), 
participants were reclassified as having an amenable or non-
amenable GLA variant to migalastat therapy; patients who had 
migalastat-amenable GLA mutations according to the GLP-
validated HEK assay are hereafter referred to as the modified 
ITT (mITT) population (FACETS and ATT RAC T: n = 50 and 
53) [27, 29]. Other eligibility criteria included an estimated 
GFR (eGFR) of ≥ 30 mL/min/1.73 m2 [27, 29] and/or a uri-
nary GL-3 level ≥ 4 times the upper limit of the normal range 
[29]. Patients taking angiotensin converting enzyme inhibitors 
or angiotensin receptor blockers (or renin inhibitors [29]) were 
required to have been on stable regimens for ≥ 4 weeks prior 
to screening [27, 29].

In the ITT population of the FACETS and ATT RAC T 
trials, the majority of patients were female (64 and 56%) 
and the mean age of the patients was 43.1 and 48.9 years 
[27, 29]. In ATT RAC T, amenable mutations of enrolled 
and treated patients included p.N215S and p.A143T (n = 10 
and 3; all associated with the non-classic phenotype), and 
p.A156T, p.D322E and p.R301P (n = 6, 4 and 3, respec-
tively; all associated with the classic phenotype) [27]. In 
FACETS, amenable mutations included p.I253T (n = 4; 
unknown phenotypic association), and p.R301Q, p.A156T, 
p.Y216C and p.P259R (all n = 3; all associated with the clas-
sic phenotype, except p.R301Q, which is associated with 
both classic and non-classic phenotypes) [29].

4.1  In Enzyme Replacement Therapy (ERT)‑Naive 
Patients

4.1.1  FACETS

Eligible patients had never received ERT or had not received 
ERT for ≥ 6 months (i.e. considered ERT-naive) [29]. In 
the initial 6-month double-blind period, patients were 
randomized to receive migalastat or placebo (stage 1); all 
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patients who completed stage 1 were eligible to receive 
open-label migalastat for the next 6 months (stage 2) and 
then for an additional year (months 12-24). The reclassifica-
tion of amenability for all GLA variants, based on the GLP-
validated HEK assay for the mITT population, occurred 
prior to unblinding of the stage 1 data [29].

Of the 45 patients in the mITT population with available 
renal biopsy data, 28 had a relatively low burden of sub-
strate deposition (i.e. GL-3 inclusions < 0.3) and 17 had a 
more extensive burden of substrate deposition (i.e. GL-3 
inclusions ≥ 0.3) at baseline [36]. In these patients, males 
[mean 2.29 and 1.02 GL-3 inclusions/kidney interstitial 
capillary (KIC) in the migalastat and placebo groups] had 
higher mean baseline levels of GL-3 inclusions/KIC than 
females (mean 0.199 and 0.284 GL-3 inclusions/KIC in 
the migalastat and placebo groups), indicating a higher 
substrate burden and more severe disease on a histologic 
level [36], which is in line with the aetiology of the disease 
(Sect. 1).

The primary endpoint was the percentage of patients in 
the migalastat and placebo groups of the ITT population 
who had a decrease from baseline of ≥ 50% in the number 
of GL-3 inclusions/KIC at the end of stage 1 (6 months) 
[29]. The number of GL-3 inclusions/KIC was assessed in 
300 capillaries from each renal biopsy by three independent 
pathologists who were blinded to the study treatment and 
visit [29].

At 6 months, the primary endpoint did not significantly 
differ between the migalastat and placebo groups in the ITT 
population (Table 1) [29].

When the primary efficacy outcome was assessed in 
evaluable patients in the mITT population, 52 and 45% of 
migalastat and placebo recipients achieved a ≥ 50% reduc-
tion in the number of GL-3 inclusions/KIC at 6 months 

(statistical data not reported) [2]. According to subgroup 
analyses, the changes in the number of GL-3 inclusions/
KIC were minimal after 6 months’ migalastat therapy in 
patients with low substrate burden at baseline [36]. However, 
in patients who had a high substrate burden at baseline, 78% 
(seven out of nine) of migalastat-treated patients achieved 
the primary efficacy outcome, as compared to 25% (two 
out of eight) of placebo-treated patients (statistical data not 
reported) [36]. In subgroup analyses categorized by gender, 
treatment with migalastat and placebo resulted in 71 and 
44% of male patients (n = 7 and 9) achieving the primary 
efficacy outcome at 6 months, and 44 and 45% of female 
patients (n = 18 and 11) achieving the primary efficacy out-
come at 6 months (statistical data not reported) [2, 36].

In the mITT population, migalastat was significantly more 
effective than placebo with regards to other efficacy end-
points, including the mean change from baseline to month 
6 in the number of GL-3 inclusions/KIC (post hoc analysis) 
and plasma lyso-Gb3 levels (Table 1) [29]. In migalastat 
recipients with renal biopsy data, subgroup analyses by 
gender showed that males had numerically greater improve-
ments from baseline in the mean number of GL-3 inclu-
sions/KIC than females at the end of stage 1, with females 
showing minimal changes in GL-3 inclusions/KIC (mean 
change − 0.805 vs. − 0.034 GL-3 inclusions/KIC; statisti-
cal data not reported). In placebo recipients, males had an 
increase from baseline in the mean number of GL-3 inclu-
sions/KIC (mean change + 0.229 GL-3 inclusions/KIC), 
whereas females had minimal change from baseline (mean 
change − 0.058; similar change to that in females receiving 
migalastat) [29].

In prespecified analyses, patients who switched from pla-
cebo to migalastat at month 6 (stage 2) experienced a signifi-
cant reduction in the mean number of GL-3 inclusions/KIC 

Table 1  Efficacy of oral migalastat in ERT-naive patients with Fabry disease at the end of the initial 6-month double-blind period of a 
randomized phase 3 trial (FACETS)

Pts (aged 16–74 years) received migalastat 123 mg once every other day or placebo [29]
BL baseline, GL-3 globotriaosylceramide, ITT intent-to-treat, KIC kidney interstitial capillary, lyso-Gb3 globotriaosylsphingosine, mITT modi-
fied ITT, pts patients, ↓ indicates decrease
*p = 0.008, **p = 0.003 vs. placebo
a Primary endpoint
b BL values normalized to zero
c Post-hoc analysis
d mITT population: 45 pts had BL and post-BL renal biopsy data available and 31 pts consented to plasma lyso-Gb3 analyses

Treatment group ≥ 50% ↓ in no. of GL-3 inclusions/
KICa [% of pts] (no. of pts)

Mean change from BL in no. of GL-3 
inclusions/KICb,c (no. of pts)

Mean change from BL in plasma 
lyso-Gb3  levelsb [ng/mL] (no. of 
pts)

ITT pts mITT  ptsd mITT  ptsd

Migalastat 41 (32) − 0.25* (25) − 11.20** (18)
Placebo 28 (32) 0.07 (20) 0.60 (13)
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(- 0.33 GL-3 inclusions/KIC; p = 0.01; n = 17) and plasma 
lyso-Gb3 levels (− 15.5 ng/mL; p < 0.001; n = 13) after 
6 months of therapy (i.e. at month 12) [29]. The beneficial 
effects of 6 months’ migalastat therapy on these two surro-
gate endpoints during the double-blind period were main-
tained during a further 6 months of open-label migalastat 
treatment [29]. After 6 months of treatment, significant 
reductions from baseline in the mean volume of GL-3 inclu-
sions/glomerular podocyte were observed in renal biopsy 
samples from migalastat recipients (p = 0.02; n = 8) [37]. 
After 12 months, GL-3 levels in glomerular podocytes, 
endothelial cells and mesangial cells were reduced from 
baseline in 22, 26 and 48% of renal biopsy samples from 
migalastat recipients (n = 23), respectively, with no change 
in GL-3 levels in the other biopsy samples [29].

At 24 months (i.e. after 18 months’ migalastat therapy in 
patients who switched from placebo or 24 months of con-
tinuous migalastat), there was a significant decrease from 
baseline in the left ventricular mass index (LVMi) in the 
mITT population (mean value − 7.7 g/m2; 95% CI − 15.4 
to – 0.01; n = 27) [29]. Of note, the mean values for LVMi 
at baseline (96.5 g/m2) and at 24 months (not reported) were 
within or very close to the normal LVMi range for males and 
females (49–115 and 43–95 g/m2). Changes in LVMi cor-
related with changes in the intraventricular septum thickness 
(p = 0.006), but not with changes in left ventricular posterior 
wall thickness (LVPWT) [29].

In the mITT population, improvements in gastrointesti-
nal symptoms were observed, as assessed by the Gastro-
intestinal Symptom Rating Scale (GSRS; comprising five 
domains: diarrhoea, reflux, abdominal pain, constipation and 
indigestion) [29]. At 6 months, migalastat recipients expe-
rienced significant (p = 0.03) improvements from baseline 
in diarrhoea symptoms; no significant improvements were 
experienced in any other domain at this time point [29]. A 
minimal clinically important difference (MCID) in GSRS 
score improvement in diarrhoea symptoms from baseline 
of 0.33 was experienced by 43 and 11% of migalastat and 
placebo recipients at 6 months [38]. In subgroup analyses of 
patients with symptoms at baseline, significant (p = 0.047) 
improvements from baseline were experienced at 6 months 
in reflux, but not in any other domain [29]. At 24 months, all 
migalastat recipients had significant improvements in diar-
rhoea and indigestion symptoms, including patients with 
symptoms at baseline (statistical data not reported) [29]. 
Further studies are required to confirm long-term benefits 
of migalastat on gastrointestinal symptoms [29].

No significant between-group differences were observed 
in the mITT population during the initial 6  months of 
the study in terms of changes in eGFR or measured GFR 
(mGFR), 24 h urine protein excretion or 24 h urinary GL-3 
substrate levels [29]. Notably, baseline values were within 
normal range for GFR [29] (> 90 mL/min/1.73 m2/year [39, 

40]). Among patients with non-amenable GLA mutations 
(n = 17), migalastat treatment had no effects on interstitial 
capillary GL-3 or plasma lyso-Gb3 levels [29]. Clinical 
outcomes (i.e. changes in GL-3 inclusions/KIC, plasma 
lyso-Gb3 levels and LVMi) were achieved regardless of the 
degree of renal function at baseline [41].

The clinical benefits of migalastat were also demonstrated 
in a subgroup analysis of 14 male patients in the FACETS 
trial with the classic Fabry phenotype [42].

4.1.2  Open‑Label Extension

ERT-naive patients with Fabry disease and migalastat-ame-
nable mutations who completed a phase 2 extension trial 
(FAB-CL-205) or FACETS [29] were eligible to enrol in a 
long-term OLE study (NCT01458119) [43]. In this study, 
renal outcomes were assessed via annualized changes from 
baseline in eGFR using the Chronic Kidney Disease Epi-
demiology Collaboration  (eGFRCKD-EPI) or Modification of 
Diet in Renal Disease  (eGFRMDRD) equations in 52 patients 
who received migalastat 123  mg once every other day 
for ≥ 17 months (median treatment duration 3.5–4.8 years; 
maximum duration 5.3 years) [43]. Overall, renal function 
was generally maintained during long-term treatment with 
migalastat in both male and female patients with migalastat-
amenable GLA mutations and baseline proteinuria levels 
of ≤ 1000 mg/24 h (declines in mean eGFR were observed in 
patients with baseline proteinuria levels of > 1000 mg/24 h) 
[43].

With regards to OLE patients who had previously com-
pleted the FACETS trial, sustained reductions from base-
line in the mean LVMi were reported after 30 or 36 months 
with migalastat therapy (− 17.0 g/m2; 95% CI − 26.2 to 
– 7.9; n = 15), including in patients with LVH at baseline 
[− 20.8 g/m2; 95% CI − 37.4 to – 4.1; n = 11], demonstrat-
ing the long-term effects of migalastat in reducing cardiac 
mass [44].

4.2  In ERT‑Experienced Patients

In ATT RAC T [27], eligible patients had initiated 
ERT ≥ 12 months before the baseline visit. During screening, 
patients were randomized to switch to open-label migalastat 
or continue biweekly ERT (agalsidase alfa 0.2 mg/kg or 
agalsidase beta 1.0 mg/kg) for 18 months followed by a 
12-month OLE with migalastat [27].

The co-primary endpoints were the annualized changes 
from baseline through month 18 in  eGFRCKD–EPI and mGFR 
by iohexol clearance  (mGFRiohexol) [27]. To assess compa-
rability between the migalastat and ERT groups, prespeci-
fied criteria comprised least-squares mean annualized rates 
of change in  eGFRCKD–EPI and  mGFRiohexol within 2.2 mL/
min/1.73 m2/year and a > 50% overlap of the 95% CIs [27]. 
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Of note, the baseline  eGFRCKD–EPI and  mGFRiohexol values 
were within or slightly below the normal range for GFR in 
adults (Table 2; Sect. 4.1).

At month 18, the prespecified criteria for the co-primary 
endpoints were met, indicating comparable efficacy between 
the migalastat and ERT groups in the mITT population 
(Table 2) [27]. The annualized changes in  eGFRMDRD (a sec-
ondary endpoint) were also similar between the migalastat 
and ERT groups (Table 2). Subgroup analyses based on the 
degree of renal impairment at baseline  [mGFRiohexol ≥ 30 
to < 60 (n = 3) and ≥ 60 mL/min/1.73 m2/year (n = 31)] show 
that the mean annualized rates of change in  eGFRCKD–EPI 
were − 3.3 and − 0.4 mL/min/1.73 m2/year (no statistical 
data reported), indicating stabilization of renal function [41]. 
However, when interpreting this data, the small number of 
patients with baseline  mGFRiohexol < 60 mL/min/1.73 m2/
year should be considered [41].

In the mITT population, migalastat therapy was associ-
ated with better cardiac outcomes than ERT [27]. In the 
migalastat group, the mean LVMi significantly decreased 
from baseline at month 18 (Table 2) [27]; mean LVMi reduc-
tions were also observed at month 30 (− 3.8 g/m2; n = 30) 
[44]. Conversely, in the ERT group, no significant change 
in LVMi was observed at month 18, potentially reflecting 
the smaller number of patients in this group [27]. Similar to 
findings from FACETS (Sect. 4.1), the mean baseline val-
ues for LVMi were within the normal range (Table 2), and 
the changes in LVMi at 18 months correlated with changes 
in intraventricular septum thickness (p = 0.003) but not 
LVPWT [27]. Left ventricular ejection fraction, fractional 
shortening, and systolic and diastolic grades were generally 

normal at baseline and were maintained over 18 months 
[27].

In evaluable patients in the mITT population, plasma 
lyso-Gb3 levels were maintained at the same low levels in 
the migalastat and ERT groups, and comparable results 
were observed between male and female patients [27]. Con-
versely, in two patients with non-amenable GLA mutations, 
plasma lyso-Gb3 levels increased after switching from ERT 
to migalastat [27].

The mean change from baseline in 24 h urine protein was 
approximately fourfold lower in migalastat recipients than 
ERT recipients after 18 months (49.2 vs. 194.5 mg) [27]. 
Clinical outcomes for GL-3 inclusions/KIC, plasma lyso-
Gb3 levels and the LVMi were not affected by renal function 
at baseline [41].

4.3  Real‑World Studies

The efficacy of migalastat in the real-world setting has 
been evaluated in an ongoing prospective single-centre 
study in patients with migalastat-amenable mutations of 
α-galactosidase A [45]. Initial follow-up after 3–6 months’ 
treatment in 17 evaluable patients suggested beneficial 
effects of migalastat on cardiac morphology, with signifi-
cant reductions from baseline in the myocardial mass index 
(from 129.38 to 119.88 g/m2; p = 0.02). After 12 months of 
migalastat treatment, five evaluable patients had an increase 
in α-galactosidase A activity (0.21 vs. 0.13 nmol/min/mg 
protein at baseline; p = 0.043). Lyso-Gb3 levels in leukocytes 
did not alter to a significant degree after 3–6 or 12 months of 
treatment. Renal function was maintained after 3-6 months 

Table 2  Efficacy of oral migalastat in ERT-experienced patients with Fabry disease and migalastat-amenable α–galactosidase mutations 
in a randomized phase 3 trial (ATT RAC T)

Results at 18 months; pts (aged 18–72 years) received migalastat 123 mg once every other day or intravenous ERT biweekly [27]
LVMi normal range (g/m2): female, 43–95; male, 49–115 [27]
eGFR normal range (mL/min/1.73 m2/year): > 90 [39, 40]
BL baseline (means), eGFRCKD-EPI estimated GFR using the Chronic Kidney Disease Epidemiology Collaboration equation, eGFRMDRD esti-
mated GFR using the Modification of Diet in Renal Disease equation, ERT enzyme replacement therapy, GFR glomerular filtration rate, ITT 
intent-to-treat, LSM least-squares mean, LVMi left ventricular mass index, mGFRiohexol measured GFR using iohexol clearance, mITT modified 
ITT, pts patients, Δ indicates change
a mITT population: 52 pts had BL and post-BL measures of  eGFRCKD-EPI and  mGFRiohexol available
b BL values were not reported in the mITT population
c Co-primary endpoint
d LVMi was not evaluated in one migalastat recipient and two ERT recipients

Treatment group (no. 
of mITT pts)a

LSM Δ from BL (mL/min/1.73 m2/year) [BL in ITT  pts]b Mean Δ from BL (g/
m2) [BL in ITT  pts]b

eGFRCKD-EPI
c (95% CI) mGFRiohexol

c (95% CI) eGFRMDRD (95% CI) LVMid (95% CI)

Migalastat (34) − 0.40 (− 2.27 to 1.48)
[89.6]

− 4.35 (− 7.65 to − 1.06)
[82.4]

− 1.51 (− 3.43 to 0.40)
[83.6]

− 6.6 (− 11.0 to − 2.2)
[95.3]

ERT (18) − 1.03 (− 3.64 to 1.58)
[95.8]

− 3.24 (− 7.81 to 1.33)
[83.6]

− 1.53 (− 4.20 to 1.13)
[87.8]

− 2.0 (− 11.0 to 7.0)
[92.9]
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and  GFRCKD-EPI did not significantly change after 12 months 
of migalastat treatment [45].

5  Tolerability of Migalastat

Migalastat was generally well tolerated in patients with 
Fabry disease in the two phase 3 clinical trials discussed 
in Sect. 4. Similar incidences of adverse events (AEs) were 
observed in the migalastat and placebo groups [29] and 
migalastat and ERT groups [27] during these studies. These 
AEs were mostly mild to moderate in severity and no AEs 
led to migalastat discontinuation. Two serious adverse events 
(SAEs) were considered to be possibly related to migalastat 
treatment in FACETS (fatigue and paraesthesia) [29]; no 
SAEs considered related to migalastat were reported in the 
ATT RAC T trial [27]. In these trials, no deaths were reported 
and no clinically relevant effects of migalastat were observed 
for any clinical laboratory measurements, vital signs, physi-
cal-examination findings or ECG results [27, 29].

In FACETS, the most common adverse reactions occur-
ring within the first 6 months in migalastat and placebo 
recipients (n = 34 and 33) were headache (35 and 21%), 
nasopharyngitis (18 and 6%), urinary tract infection 
(including cystitis and kidney infection; 15 and 0%), nau-
sea (12 and 6%), pyrexia (12 and 3%), abdominal pain (9 
and 3%), back pain (9 and 0%), cough (9 and 0%), diar-
rhoea (9 and 3%) and epistaxis (9 and 3%) [2]. Between 
months 6 and 12 of open-label migalastat therapy, the most 
frequently reported adverse events were headache (14%) 
and procedural pain related to renal biopsies (11%); the 
most frequently reported adverse events during the OLE 
period were proteinuria (16%; one case was deemed to 
be migalastat-related), headache (11%) and bronchitis 
(11%) [29]. These findings are consistent with those in 
the 18-month ATT RAC T trial in which the most com-
mon AEs in migalastat and ERT recipients (n = 34 and 
18) were nasopharyngitis (33 and 33%) and headache (25 
and 24%) [27].

6  Dosage and Administration of Migalastat

Oral migalastat is approved for the treatment of adult 
patients (aged ≥ 18 years) in the USA [2] and Canada 
[46], as well as the long-term treatment of adult and ado-
lescent patients (aged ≥ 16 years) in the EU [3], Japan 
[47], Australia [48] and elsewhere, who have a confirmed 
diagnosis of Fabry disease (α-galactosidase A deficiency 
[3, 46, 48]) and an amenable GLA mutation (based on 
in vitro assay data [2, 46]). In the USA, patients must 
have a migalastat-amenable GLA variant that is interpreted 

by a clinical genetics professional as being causative for 
Fabry disease (i.e. pathogenic or likely pathogenic) in the 
clinical context of the individual patient [2]. Migalastat 
therapy should be initiated and supervised by specialist 
physicians who are experienced in the diagnosis and treat-
ment of Fabry disease [3, 46, 48].

The recommended dosage regimen of migalastat is 
123 mg once every other day at the same time of day [2, 
3, 46–48]. Migalastat must be taken on an empty stom-
ach; food should not be consumed for at least 2 h before 
and 2 h after taking migalastat [2, 3, 46–48], although 
clear liquids may be consumed during this fasting period 
[2, 3]. Migalastat should not be taken on two consecu-
tive days [46, 48]. In the event of a missed dose (if > 12 h 
have passed in the EU and USA [2, 3]), administration of 
migalastat should be resumed at the next scheduled dose 
[46, 48]. In the EU and USA, if a dose is missed and < 12 h 
have passed, then the missed dose of migalastat should be 
taken [2].

Migalastat is not indicated and should not be used in 
patients with Fabry disease who have non-amenable GLA 
mutations [2, 3, 46–48]. Local prescribing information and/
or the migalastat amenability table website (http://www.galaf 
oldam enabi lityt able.com/) should be consulted for a list of 
amenable and non-amenable GLA mutations to migalastat.

Migalastat is not recommended for use in patients who 
have severe renal impairment (eGFR < 30 mL/min/1.73 m2) 
[2, 3, 46–48] (Sect. 3). It is also not recommended in patients 
with end-stage renal disease requiring dialysis in the USA 
[2]. Migalastat is not intended for concomitant use with ERT 
[3, 46, 48]. Local prescribing information should be con-
sulted for further details, including contraindications, use 
in special populations and other warnings and precautions.

7  Place of Migalastat in the Management 
of Fabry Disease

Over recent years, continuous advancements have been 
made in the development of therapeutic options for patients 
with lysosomal disorders, including Fabry disease [14]. The 
current treatment options for Fabry disease are ERT and 
migalastat [1]. An increased understanding of the patho-
physiology of lysosomal disorders has led to the develop-
ment of novel targeted therapies such as pharmacological 
chaperones. These agents bind and stabilize mutant enzymes 
in the ER, allowing normal trafficking to lysosomes and ulti-
mately increasing enzyme activity (Fig. 1) [14].

Migalastat, a small molecule pharmacological chaperone, 
is currently approved in several countries for the treatment of 
patients [aged ≥ 18 years in the USA and Canada; ≥ 16 years 
of age in other countries] who have a confirmed diagnosis 
of Fabry disease and a migalastat-amenable GLA mutation, 

http://www.galafoldamenabilitytable.com/
http://www.galafoldamenabilitytable.com/
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based on in vitro assay data (Sect. 6). Recommendations for 
the use of oral migalastat therapy in Fabry disease manage-
ment has yet to be included in international guidelines [1].

In the pivotal phase 3 FACETS and ATT RAC T trials in 
patients with Fabry disease (encompassing a broad spectrum 
of disease manifestations), oral migalastat was efficacious in 
ERT-naive (Sect. 4.1) and -experienced (Sect. 4.2) patients 
with migalastat-amenable GLA-mutations. Migalastat treat-
ment resulted in increased and sustained endogenous α-Gal 
A activity levels, with consequent reductions in substrate 
accumulation in renal tissue, urine and plasma. During long-
term therapy, these beneficial effects on endogenous α-Gal A 
activity levels were sustained, renal function was maintained 
across a wide spectrum of baseline function, and cardiac 
mass was reduced.

Although there was no significant difference between 
the migalastat and placebo group in the percentage of 
patients with ≥ 50% reduction from baseline in the num-
ber of GL-3 inclusions/KIC at 6 months in the primary 
ITT analysis in the overall FACETS population, migalastat 
recipients with amenable GLA mutations had significantly 
greater improvements in other surrogate endpoints (mITT 
analyses; Sect. 4.1.1). Efficacy outcomes appeared to be 
driven by gender, potentially reflecting differences in dis-
ease burden/severity between male and female patients, 
with males tending to have more severe disease at baseline 
and therefore, experiencing a much greater improvement 
in surrogate endpoints [36]. The greater reductions in the 
number of GL-3 inclusions/KIC in males than females 
may, at least in part, also reflect that Fabry cells co-exist 
with normal cells in female patients (Sect. 1); hence, the 
proportion of Fabry versus normal cells may vary from 
biopsy to biopsy in the same patient [49]. The majority of 
participants in FACETS were females (Sect. 4.1.1).

In the ATT RAC T trial in ERT-experienced patients 
with migalastat-amenable GLA mutations (Sect. 4.2), three 
patients had p.A143T mutations, with the pathogenic role 
of this mutation in Fabry disease equivocal [50, 51], and 
ten had amenable p.N215S mutations, which are primarily 
associated with cardiac manifestations of the disease and 
less associated with the progressive loss of renal function, 
particularly in female Fabry patients [52]. The inclusion and/
or lack of differentiation of 25% (13 out of 52) of patients 
with p.A143T or p.N215S mutations in the mITT analyses 
could potentially have impacted the findings of this study 
with regards to renal function. In addition, interpretation of 
data from this trial may potentially be impacted by the fact 
that patients treated with agalsidase alfa and agalsidase beta 
were pooled into one treatment group [1].

Migalastat was generally well tolerated in patients with 
Fabry disease, where headache and nasopharyngitis were the 
most commonly reported adverse reactions in migalastat and 
placebo recipients in phase 3 trials (Sect. 5).

There are several attributes of migalastat that make it 
an attractive alternative option to ERT for treating Fabry 
disease. Firstly, migalastat has a convenient oral regimen, 
thereby eliminating the requirement for lifelong IV infusions 
and complications that have been associated with IV ERT 
(agalsidase alfa and agalsidase beta), such as infusion-related 
reactions (e.g. fever, chills, flushing, headache, pruritus, and 
nausea) and hypersensitivity reactions (e.g. allergic or ana-
phylactic-type reactions) [5, 14, 53–55]. The non-immuno-
genic nature of migalastat means that such antibody-related 
tolerability issues, which have been described for several 
ERTs, are not expected [14]. Secondly, as a small molecule, 
migalastat is likely to have enhanced cellular and tissue dis-
tribution and the potential to cross the blood-brain barrier 
[as evidenced in Fabry transgenic mice (Sect. 2)], which 
may assist in the treatment of disease symptoms originating 
in the central nervous system [53]. The improved efficacy 
of migalastat compared with ERT in reducing cardiac mass 
(Sect. 4.2) suggests that migalastat may be more effective 
than ERT at penetrating cardiac tissue [56]. As an orally 
administered therapy, migalastat may also facilitate earlier 
intervention than ERT in patients with Fabry disease.

A general advantage of pharmacological chaperone ther-
apy over ERT is that, given the appropriate dosing regimen, 
it allows for sustained and stable enzyme levels that more 
closely mimic those of endogenous wild-type enzymes, 
whereas ERT leads to fluctuating and intermittent enzy-
matic activity [14]. In order to maximise the in situ activ-
ity of α–galactosidase A and GL-3 substrate reduction with 
migalastat therapy (i.e. the maximal pharmacological chap-
erone effect; Sect. 2), the recommended dosage regimen of 
migalastat (Sect. 6) is based on a balance between migalastat 
target organ concentration and clearance (as assessed in pre-
clinical and clinical studies; Sect. 2) [57].

Patients should be made aware of the importance of com-
pliance with migalastat therapy in order to optimise its effi-
cacy [58]. Of note, a prospective, observational cohort study 
is currently recruiting patients with genetically confirmed 
Fabry disease who are taking migalastat, in order to assess 
patient adherence [59].

Monitoring of migalastat therapy is advised in several 
countries. In the EU and Australia, it is recommended 
that the response to migalastat therapy is monitored in 
patients every 6 months (e.g. renal function, echocardio-
graphic parameters), and if meaningful clinical deteriora-
tion occurs, further clinical evaluation and/or discontinu-
ation of migalastat treatment should be considered [3, 
48]. Similarly, in Canada, patients should be assessed for 
treatment response or failure following the initiation of 
migalastat therapy, and monitored every ≤ 6 months over 
the course of treatment; if meaningful clinical deterioration 
occurs, migalastat therapy should be stopped, further clini-
cal evaluation initiated and other treatment options should 
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be considered [46]. Additionally, according to the 2017 
Canadian Fabry disease guidelines [58], it is recommended 
that patients who switch from ERT to migalastat are fol-
lowed up every 6 months for the first 3–5 years of therapy 
to ensure clinically stable parameters. No recommendations 
for the monitoring of migalastat therapy have been included 
in the prescribing information for the USA [2] or Japan [47]. 
In the USA, the manufacturer assists patients in accessing 
migalastat by liaising with health insurers (via the patients 
access scheme), who have specific requirements for treat-
ment (e.g. completion of renal function assessments prior to 
the initiation of migalastat therapy, with continued monitor-
ing during treatment as clinically appropriate [60]).

Migalastat therapy is approved for use in patients with 
Fabry disease who have migalastat-amenable GLA muta-
tions (Sect. 6). The future identification of pharmacological 
agents with chaperoning profiles that target a larger number 
of GLA mutations (e.g. mutations that are non-amenable to 
migalastat) would be of high interest, and would broaden the 
potential for the use of pharmacological chaperone therapy 
in Fabry disease [14].

There is a paucity of data pertaining to the effects of 
migalastat therapy on severe clinical events (e.g. major kid-
ney events) and in special populations of patients with Fabry 
disease, such as female patients who are pregnant or breast-
feeding, patients aged ≥ 65 or < 16 years and/or patients 
with severe renal impairment (eGFR < 30 mL/min/1.73 m2/
year) [2]. Three pregnant women with Fabry disease have 
been exposed to migalastat in clinical trials [2]. No adverse 
developmental effects have been observed in animal stud-
ies with exposure to migalastat; however, current data is 
not sufficient to draw conclusions about the risks of adverse 
maternal/foetal outcomes (e.g. major birth defects or miscar-
riage) associated with migalastat therapy [2]. The effects of 
migalastat on fertility have not been studied in humans; in 
animal studies, migalastat therapy was associated with tran-
sient and fully reversible infertility (after 4 weeks without 
migalastat) in male rats, and had no effects on fertility in 
female rats [2]. These factors highlight the need for ongoing 
studies and clinical data [including long-term (i.e. ≥ 5 year) 
data on clinical outcomes], which will ultimately help to 
establish a more informed approach to the treatment of 
Fabry disease with migalastat. As part of the post-marketing 
commitment, there is a planned trial to evaluate the appro-
priate dosing regimen of migalastat in patients with Fabry 
disease who have migalastat-amenable GLA mutations and 
have severe renal impairment or who are on kidney dialysis 
[61]. A post-marketing, worldwide, prospective, single-arm, 
observational study in women exposed to migalastat during 
pregnancy and lactation is also required to assess the risks of 
pregnancy complications, adverse effects on the developing 
foetus and neonate, and adverse effects on lactation and the 
breastfed infant [61].

In conclusion, given its efficacy, convenient oral regi-
men, extensive tissue penetration and the limited thera-
peutic options available, migalastat is an important option 
for the treatment of patients with Fabry disease and 
migalastat-amenable GLA mutations.

Data Selection Migalastat: 207 records identified 

Duplicates removed 27

Excluded during initial screening (e.g. press releases; 
news reports; not relevant drug/indication; preclinical 

study; reviews; case reports; not randomized trial)

39

Excluded during writing (e.g. reviews; duplicate data; 
small patient number; nonrandomized/phase I/II trials)

80

Cited efficacy/tolerability articles 14

Cited articles not efficacy/tolerability 47

Search Strategy: EMBASE, MEDLINE and PubMed from 1946 
to present. Clinical trial registries/databases and websites were 
also searched for relevant data. Key words were migalastat, Gala-
fold, Amigal, GR181413A, HGT3310, Fabry disease. Records 
were limited to those in English language. Searches last updated 
26 February 2019
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