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ABSTRACT

Provided are methods for treatment of Fabry disease in a patient having renal impairment and/or ¢levated
proteinuria. Certain methods comprise administering to the patient about 100 to about 150 mg free base
equivalent of migalastat or salt thereof at a frequency of once every other day. Certain methods also provide
for the stabilization of renal function, reducing left ventricular mass index, reducing plasma

globotriaosylsphingosine and/or increasing a-galactosidase A activity in the patient.
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METHODS OF TREATING FABRY PATIENTS HAVING RENAL IMPAIRMENT
TECHNICAL FIELD

[0001] Principles and embodiments of the present invention relate generally to the use
of pharmacological chaperones for the treatment of Fabry disease, particularly in patients with

varying degrees of renal impairment.

BACKGROUND

[0002] Many human diseases result from mutations that cause changes in the amino
acid sequence of a protein which reduce its stability and may prevent it from folding properly.
Proteins generally fold in a specific region of the cell known as the endoplasmic reticulum, or
ER. The cell has quality control mechanisms that ensure that proteins are folded into their
correct three-dimensional shape before they can move from the ER to the appropriate
destination in the cell, a process generally referred to as protein trafficking. Misfolded proteins
are often eliminated by the quality control mechanisms after initially being retained in the ER.
In certain instances, misfolded proteins can accumulate in the ER before being eliminated. The
retention of misfolded proteins in the ER interrupts their proper trafficking, and the resulting
reduced biological activity can lead to impaired cellular function and ultimately to disease. In
addition, the accumulation of misfolded proteins in the ER may lead to various types of stress
on cells, which may also contribute to cellular dysfunction and disease.

[00:03] Such mutations can lead to lysosomal storage disorders (I.SDs), which are
characterized by deficiencies of lysosomal enzymes due to mutations in the genes encoding the
lysosomal enzymes. The resultant disease causes the pathologic accumulation of substrates of
those enzymes, which include lipids, carbohydrates, and polysaccharides. Although there are
many different mutant genotypes associated with each LSD, many of the mutations are
missense mutations which can lead to the production of a less stable enzyme. These less stable
enzymes are sometimes prematurely degraded by the ER-associated degradation pathway. This
results in the enzyme deficiency in the lysosome, and the pathologic accumulation of substrate.
Such mutant enzymes are sometimes referred to in the pertinent art as "folding mutants" or
"conformational mutants."

[0004] Fabry Disease is a LSD caused by a mutation to the GLA gene, which encodes
the enzyme o-galactosidase A (0-Gal A). o-Gal A is required for glycosphingolipid
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metabolism. The mutation causes the substrate globotriaosylceramide (GL-3) to accumulate in
various tissues and organs. Males with Fabry disecase are hemizygotes because the disease
genes are encoded on the X chromosome. Fabry disease is estimated to affect 1 in 40,000 and
60,000 males, and occurs less frequently in females.

[0005] There have been several approaches to treatment of Fabry disease. One
approved therapy for treating Fabry disease is enzyme replacement therapy (ERT), which
typically involves intravenous infusion of a purified form of the corresponding wild-type
protein. Two ¢-Gal A products are currently available for the treatment of Fabry disease:
agalsidase alfa (Replagal®, Shire Human Genetic Therapies) and agalsidase beta
(Fabrazyme®; Sanofi Genzyme Corporation). ERT has several drawbacks, however. One of
the main complications with ERT is rapid degradation of the infused protein, which leads to
the need for numerous, costly high dose infusions. ERT has several additional caveats, such as
difficulties with large-scale generation, purification, and storage of properly folded protein;
obtaining glycosylated native protein; generation of an anti-protein immune response; and
inability of protein to cross the blood-brain barrier to mitigate ceniral nervous system
pathologies (i.e., low bioavailability). In addition, replacement enzyme cannot penetrate the
heart or kidney in sufficient amounts to reduce substrate accumulation in the renal podocytes
or cardiac myocytes, which figure prominently in Fabry pathology.

[0006] Another approach to treating some enzyme deficiencies involves the use of
small molecule inhibitors to reduce production of the natural substrate of deficient enzyme
proteins, thereby ameliorating the pathology. This "substrate reduction” approach has been
specifically described for a class of about 40 LSDs that include glycosphingolipid storage
disorders. The small molecule inhibitors proposed for use as therapy are specific for inhibiting
the enzymes involved in synthesis of glycolipids, reducing the amount of cellular glycolipid
that needs to be broken down by the deficient enzyme.

[0007] A third approach to treating Fabry disease has been treatment with what are
called pharmacological chaperones (PCs). Such PCs include small molecule inhibitors of a-Gal
A, which can bind to the a-Gal A to increase the stability of both mutant enzyme and the
comresponding wild type.

[0008] One problem with current treatments is difficulty in treating patients exhibiting
renal impairment, which is very common in Fabry patients and progresses with disease. On

average, it take between about 10-20 years for patients to decline from normal kidney function
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to severe renal impairment, with some countries reporting even faster declines. By some
estimates, about 10% of Fabry patients receiving ERT may have moderate renal impairment.
Another 25% of males and 5% of females receiving ERT have an estimated glomerular
filtration rate (eGFR) of less than 30, corresponding to severe kidney impairment or even renal
failure. Of these, about half have severe kidney impairment, and about half are on dialysis.
[0009] Unfortunately, renal impairment will progress despite ERT treatment. A patient
having an eGFR of 30 may deteriorate to the point of needing dialysis in two to five years.
About 30% of patients receiving ERT will end up on dialysis or needing a kidney transplant,
depending on the start of ERT. The earlier ERT is commenced, the longer renal function may
be preserved, but commencement of ERT may be delayed because Fabry disease is rare and
often misdiagnosed.

[0010] Further, and as discussed above, ERT often does not sufficiently penetrate the
kidneys to reduce substrate accumulation, thereby allowing further damage during disease
progression. With PC treatment, the kidneys are often how the drug is cleared from the body,
and renal impairment may affect drug pharmacokinetics and/or drug pharmacodynamics. Thus,

there is still a need for a treatment of Fabry patients who have renal impairment.

SUMMARY

[0011] Various aspects of the present invention relate to the treatment of Fabry patients
having renal impairment and/or elevated proteinuria using migalastat. Such treatment can
include stabilizing renal function, reducing left ventricular mass index (LVMi), reducing
plasma globotriaosylsphingosine (lyso-Gbs) and/or increasing a-Gial A activity in the patient.
[0012] One aspect of the present invention pertains to a method for the treatment of
Fabry disease in a patient having renal impairment, the method comprising administering to the
patient an effective amount of migalastat or salt thereof at a frequency of once every other day.
In one or more embodiments, the effective amount is about 100 mg to about 150 mg free base

equivalent (FBE).

[0013] In one or more embodiments, the patient has mild or moderate renal impairment.
[0014] In one or more embodiments, the patient has mild renal impairmemnt.

[0015] In one or more embodiments, the patient has moderate renal impairment.

[0016] In one or more embodiments, the patient has severe renal impairment.

[0017] In one or more embodiments, the patient is an ERT-experienced patient.
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[0018] In one or more embodiments, the patient is an ERT-naive patient.

[0:019] In one or more embodiments, the patient has a proteinuria level of less than 100
mg/24hr prior to initiating the administration of the migalastat or salt thereof.

[0020] In one or more embodiments, the patient has a proteinuria level of 100 to 1,000
mg/24hr prior to initiating the administration of the migalastat or salt thereof.

[0021] In one or more embodiments, the patient has a proteinuria level of greater than
1,000 mg/24hr prior to initiating the administration of the migalastat or salt thereof.

[0G22] In one or more embodiments, the migalastat or salt thereof enhances o-Gal A
activity in the patient. In one or more embodiments, the a-Gal A activity is white blood cell
(WBC) u-Gal A activity.

[0023] In one or more embodiments, the administration of the migalastat or salt thereof
is effective to reduce LVMi in the patient.

[0024] In one or more embodiments, the administration of the migalastat or salt thereof
is effective to stabilize plasma lyso-Gbs in the patient.

[0025] In one or more embodiments, the administration of the migalastat or salt thereof

is effective to stabilize renal function in the patient.

[0026] In one or more embodiments, the effective amount is about 123 mg FBE.

[0027] In one or more embodiments, the effective amount is about 123 mg of migalastat
free base.

[0028] In one or more embodiments, the salt of migalastat is migalastat hydrochloride.
[0029] In one or more embodiments, the effective amount is about 150 mg of migalastat
hydrochloride.

[0030] In one or more embodiments, the migalastat or salt thereof is in an oral dosage

form. In one or more embodiments, the oral dosage form comprises a tablet, a capsule or a

solution.

[0031] In one or more embodiments, the migalastat or salt thereof is administered for at
least 28 days.

[0032] In one or more embodiments, the migalastat or salt thereof is administered for at

least 6 months.
[0033] In one or more embodiments, the migalastat or salt thereof is administered for at

least 12 months.
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[0034] Another aspect of the present invention pertains to the use of migalastat to
stabilize renal function in a patient diagnosed with Fabry disease and having renal impairment.
In various embodiments, the method comprises administering to the patient about 100 mg to

about 130 mg FBE of migalastat or salt thereof at a frequency of once every other day.

[0035] In one or more embodiments, the patient has mild or moderate renal impairment.
[0036] In one or more embodiments, the patient has mild renal impairment.

100371 In one or more embodiments, the patient has moderate renal impairment.

[0038] In one or more embodiments, the patient has severe renal impairment.

[0039] In one or more embodiments, the patient is an ERT-experienced patient.

[0040] In one or more embodiments, the patient is an ERT-naive patient.

[0041] In one or more embodiments, the patient has a proteinuria level of less than 100

mg/24hr prior to initiating the administration of the migalastat or salt thereof.
[0042] In one or more embodiments, the patient has a proteinuria level of 100 to 1,000
mg/24hr prior to initiating the administration of the migalastat or salt thereof.
[0043] In one or more embodiments, the patient has a proteinuria level of greater than

1,000 mg/24hr prior to initiating the administration of the migalastat or salt thereof.

[0044] In one or more embodiments, the migalastat or salt thereof enhances o-Gal A
activity.

[0045] In one or more embodiments, the effective amount is about 123 mg FBE.

[0046] In one or more embodiments, the effective amount is about 123 mg of migalastat
free base.

[0047] In one or more embodiments, the salt of migalastat is migalastat hydrochloride.
[0048] In one or more embodiments, the effective amount is about 150 mg of migalastat
hydrochloride.

[0049] In one or more embodiments, the migalastat or salt thereof is in an oral dosage

form. In one or more embodiments, the oral dosage form comprises a tablet, a capsule or a
solution.

[0050] In one or more embodiments, the migalastat or salt thereof is administered for at
least 28 days.

[0051] In one or more embodiments, the migalastat or salt thereof is administered for at

least 6 months,
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[0052] In one or more embodiments, the migalastat or salt thereof is administered for at
least 12 months.

[0053] In one or more embodiments, administration of the effective amount of the
migalastat or salt thereof to a group of patients having mild or moderate renal impairment

provides a mean annualized rate of change in eGFRekp.ger of greater than -1.0 mL/min/1.73
3

e

m”,

100541 In one or more embodiments, administration of the effective amount of the
migalastat or salt thereof to a group of patients having mild renal impairment provides a mean
annualized rate of change in eGFR ckp.gpr of greater than -1.0 mL/min/1.73 m>.

[0055] In one or more embodiments, administration of the effective amount of the
migalastat or salt thereof to a group of patients having moderate renal impairment provides a
mean annualized rate of change in eGFRckp.gp1 of greater than -1.0 mL/min/1.73 m>.

[0056] Another aspect of the present invention pertains to the use of migalastat to
stabilize plasma lyso-Gbs in a patient diagnosed with Fabry disease and having renal
impairment. In various embodiments, the method comprises administering to the patient about

100 mg to about 150 mg FBE of migalastat or salt thereof at a frequency of once every other

day.

[0057] In one or more embodiments, the patient has mild or moderate renal impairment.
[0058] In one or more embodiments, the patient has mild renal impairment.

[0059] In cne or more embodiments, the patient has moderate renal impairment.

[0060] In one or more embodiments, the patient has severe renal impairment.

[0061] In one or more embodiments, the patient is an ERT-experienced patient.

[0062] In one or more embodiments, the patient is an ERT-naive patient.

[0063] In one or more embodiments, the patient has a proteinuria level of less than 100

mg/24hr prior to initiating the administration of the migalastat or salt thereof.
[0064] In one or more embodiments, the patient has a proteinuria level of 100 to 1,000
myg/24hr prior to initiating the administration of the migalastat or salt thereof.
[0065] In one or more embodiments, the patient has a proteinuria level of greater than

1,000 mg/24hr prior to initiating the administration of the migalastat or salt thercof.

[0066] In one or more embodiments, the migalastat or salt thereof enhances a-Gal A
activity.
[0067] In one or more embodiments, the effective amount is about 123 mg FBE.
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[0068] In one or more embodiments, the effective amount is about 123 mg of migalastat
free base.

[0069] In one or more embodiments, the salt of migalastat is migalastat hydrochloride.
0070} In one or more embodiments, the effective amount is about 150 mg of migalastat
hydrochloride.

[0071] In one or more embodiments, the migalastat or salt thereof is in an oral dosage

form. In one or more embodiments, the oral dosage form comprises a tablet, a capsule or a

solution.

[0072] In one or more embodiments, the migalastat or salt thereof is administered for at
least 28 days.

[0073] In one or more embodiments, the migalastat or salt thereof is administered for at

least 6 months.

[0074] In one or more embodiments, the migalastat or salt thereof is administered for at
least 12 months.

[0G75] In one or more embodiments, administration of the effective amount of the
migalastat or salt thereof to a group of ERT-naive patients having moderate renal impairment
provides a mean reduction of plasma lyso-Gb; of at least about 5 nmol/L after 24 months of the
administration of the migalastat or salt thereof.

[0076] Another aspect of the present invention pertains to the use of migalastat to
reduce LVMi in a patient diagnosed with Fabry disease and having renal impairment. In
various embodiments, the method comprises administering to the patient about 100 mg to

about 150 mg FBE of migalastat or salt thereof at a frequency of once every other day.

00771 In one or more embodiments, the patient has mild or moderate renal impairment.
[0G78] In one or more embodiments, the patient has mild renal impairment.

[0079] In one or more embodiments, the patient has moderate renal impairment.

[0080] In one or more embodiments, the patient has severe renal impairment.

(00811 In one or more embodiments, the patient is an ERT-experienced patient.

00821 In one or more embodiments, the patient is an ERT-naive patient.

[0083] In one or more embodiments, the patient has a proteinuria level of less than 100

mg/24hr prior to initiating the administration of the migalastat or salt thereof.
[0084] In one or more embodiments, the patient has a proteinuria level of 100 to 1,000

mg/24hr prior to initiating the administration of the migalastat or salt thereof.
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[0085] In one or more embodiments, the patient has a proteinuria level of greater than

1,000 mg/24hr prior to initiating the administration of the migalastat or salt thereof.

[0086] In one or more embodiments, the migalastat or salt thereof enhances a-Gal A
activity.

(00871 In one or more embodiments, the effective amount is about 123 mg FBE,

[0088] In one or more embodiments, the effective amount is about 123 mg of migalastat
free base.

[0089] In one or more embodiments, the salt of migalastat is migalastat hydrochloride.
[0050] In one or more embodiments, the effective amount is about 150 mg of migalastat
hydrochloride.

[0091] In one or more embodiments, the migalastat or salt thereof is in an oral dosage

form. In one or more embodiments, the oral dosage form comprises a tablet, a capsule or a

solution.

[0092] In one or more embodiments, the migalastat or salt thereof is administered for at
least 28 days.

[0093] In one or more embodiments, the migalastat or salt thereof is administered for at

least & months.

[0094] In one or more embodiments, the migalastat or salt thereof is administered for at
least 12 months.

[0095] In one or more embodiments, administration of the effective amount of the
migalastat or salt thereof to a group of ERT-naive patients having moderate renal impairment
provides a mean reduction of LVMi of at least about 2 g!mﬂ‘ after 24 months of the
administration of the migalastat or salt thereof.

[0096] In one or more embodiments, administration of the effective amount of the
migalastat or salt thereof to a group of ERT-experienced patients having moderate renal
impairment provides a mean reduction of LVMi of at least about 2 gz’m2 after 18 months of the
administration of the migalastat or salt thercof.

[0097] Another aspect of the present invention pertains to the use of migalastat to
increase WBC o-Gal A activity in a patient diagnosed with Fabry disease and having renal
impairment. In various embodiments, the method comprises administering to the patient about
100 mg to about 150 mg FBE of migalastat or salt thereof at a frequency of once every other
day.
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[0098] In one or more embodiments, the patient has mild or moderate renal impairment.
[0:099] In one or more embodiments, the patient has mild renal impairment.

[0G100] In one or more embodiments, the patient has moderate renal impairment,

[00101] In one or more embodiments, the patient has severe renal impairment,

[00102] In one or more embodiments, the patient is an ERT-experienced patient.

[00103] In one or more embodiments, the patient is an ERT-naive patient.

[00104] In one or more embodiments, the patient has a proteinuria level of less than 100

mg/24hr prior to initiating the administration of the migalastat or salt thereof.
[0105] In one or more embodiments, the patient has a proteinuria level of 100 to 1,000
mg/24hr prior to initiating the administration of the migalastat or salt thereof.
[00106] In one or more embodiments, the patient has a proteinuria level of greater than

1,000 mg/24hr prior to initiating the administration of the migalastat or salt thereof.

[00107] In one or more embodiments, the effective amount is about 123 mg FBE.

[03:108] In one or more embodiments, the effective amount is about 123 mg of migalastat
free base.

[00109] In one or more embodiments, the salt of migalastat is migalastat hydrochloride.
[00110] In one or more embodiments, the effective amount is about 150 mg of migalastat
hydrochloride.

[00111] In one or more embodiments, the migalastat or salt thereof is in an oral dosage

form. In one or more embodiments, the oral dosage form comprises a tablet, a capsule or a

solution.

[00112] In one or more embodiments, the migalastat or salt thereof is administered for at
least 28 days.

[00113] In one or more embodiments, the migalastat or salt thereof is administered for at

least 6 months.

[00114] In one or more embodiments, the migalastat or salt thereof is administered for at
least 12 months.

[00115] In one or more embodiments, administration of the effective amount of the
migalastat or salt thereof to a group of ERT-naive patients having moderate renal impairment
provides a mean increase in WBC o-Gal A activity of at least about 1 4MU/hr/mg after 24

months of the administration of the migalastat or salt thereof.
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[00116] In one or more embodiments, administration of the effective amount of the
migalastat or salt thereof to a group of ERT-experienced patients having moderate renal
impairment provides a mean increase in WBC o-Gal A activity of at least about 1 4MU/hr/mg
after 18 months of the administration of the migalastat or salt thereof,

[00117] Another aspect of the present invention pertains to the use of migalastat to
stabilize renal function in a patient diagnosed with Fabry disease and having elevated
proteinuria. In various embodiments, the method comprises administering to the patient about

100 mg to about 150 mg FBE of migalastat or salt thereof at a frequency of once every other

day.

[00118] In one or more embodiments, the patient has mild or moderate renal impairment.
[00119] In one or more embodiments, the patient has mild renal impairment.

[06:120] In one or more embodiments, the patient has moderate renal impairment,

[00121] In one or more embodiments, the patient has severe renal impairment.

[0G122] In one or more embodiments, the patient is an ERT-experienced patient.

[00123] In one or more embodiments, the patient is an ERT-naive patient.

[00124] In one or more embodiments, the patient has a proteinuria level of 100 to 1,000

mg/24hr prior to initiating the administration of the migalastat or salt thereof.
[00125] In one or more embodiments, the patient has a proteinuria level of greater than

1,000 mg/24hr prior to initiating the administration of the migalastat or salt thereof.

[00126) In one or more embodiments, the migalastat or salt thereof enhances a-Gal A
activity.

[00127] In one or more embodiments, the effective amount is about 123 mg FBE.

[00128] In one or more embodiments, the effective amount is about 123 mg of migalastat
free base.

[00129] In one or more embodiments, the salt of migalastat is migalastat hydrochloride.
[00130] In one or more embodiments, the effective amount is about 150 mg of migalastat
hydrochloride.

[00131] In one or more embodiments, the migalastat or salt thereof is in an oral dosage

form. In one or more embodiments, the oral dosage form comprises a tablet, a capsule or a
solution.
[00132] In one or more embodiments, the migalastat or salt thereof is administered for at

least 28 days.
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[00133] In one or more embodiments, the migalastat or salt thereof is administered for at
least & months.

[00G1.34] In one or more embodiments, the migalastat or salt thereof is administered for at
least 12 months.

[00135] In one or more embodiments, administration of the effective amount of the
migalastat or salt thereof to a group of patients having a proteinuria level of 100 to 1,000
mg/24hr prior to initiating the administration of the migalastat or salt thereof provides a mean
annualized rate of change in eGFRckp.ger of greater than -2.0 mL/min/1.73 m2.

[M136] In one or more embodiments, administration of the effective amount of the
migalastat or salt thereof to a group of patients having a proteinuria level of greater than 1,000
mg/24hr prior to initiating the administration of the migalastat or salt thereof provides a mean
annualized rate of change in eGFRckp.rer of greater than -5.0 mL/min/1.73 m?.

[00137] Another aspect of the present invention pertains to a method for the treatment of
Fabry disease in a patient having elevated proteinuria, the method comprising administering to
the patient an effective amount of migalastat or salt thereof at a frequency of once every other

day. In one or more embodiments, the effective amount is about 100 mg to about 150 mg FBE.

[0G138] In one or more embodiments, the patient has mild or moderate renal impairment.
[060G139] In one or more embodiments, the patient has mild renal impairment.

[00140] In one or more embodiments, the patient has moderate renal impairment.

[00141] In one or more embodiments, the patient has severe renal impairment.

[00142] In one or more embodiments, the patient is an ERT-experienced patient.

[00143] In one or more embodiments, the patient is an ERT-naive patient.

[00144] In one or more embodiments, the patient has a proteinuria level of 100 to 1,000

mg/24hr prior to initiating the administration of the migalastat or salt thereof.
[00145] In one or more embodiments, the patient has a proteinuria level of greater than

1,000 mg/24hr prior to initiating the administration of the migalastat or salt thereof.

[00146] In one or more embodiments, the migalastat or salt thereof enhances a-Gal A
activity.

[00147] In one or more embodiments, the effective amount is about 123 mg FBE.
[00148] In one or more embodiments, the effective amount is about 123 mg of migalastat
free base.

[0G149] In one or more embodiments, the salt of migalastat is migalastat hydrochloride.
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[00150] In one or more embodiments, the effective amount is about 150 mg of migalastat
hydrochloride.
[0G151] In one or more embodiments, the migalastat or salt thereof is in an oral dosage

form. In one or more embodiments, the oral dosage form comprises a tablet, a capsule or a

solution.

[00152] In one or more embodiments, the migalastat or salt thereof is administered for at
least 28 days.

[0G153] In one or more embodiments, the migalastat or salt thereof is administered for at

least 6 months.

[0G154] In one or more embodiments, the migalastat or salt thereof is administered for at
least 12 months.

[DG155] In one or more embodiments, administration of the effective amount of the
migalastat or salt thereof to a group of patients having a proteinuria level of 100 to 1,000
mg/24hr prior to initiating the administration of the migalastat or salt thereof provides a mean
annualized rate of change in eGFRekp.gpr of greater than -2.0 mL/min/1.73 m2.

[00156] In one or more embodiments, administration of the effective amount of the
migalastat or salt thereof to a group of patients having a proteinuria level of greater than 1,000
mg/24hr prior to initiating the administration of the migalastat or salt thereof provides a mean
annualized rate of change in eGFRckp.gp1 of greater than -5.0 mL/min/1.73 m?.

[00157] Various embodiments are listed below. It will be understood that the
embodiments listed below may be combined not only as listed below, but in other suitable

combinations in accordance with the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[00158] FIG. 1A shows the migalastat plasma concentrations for non-Fabry patients
with varying degrees of renal impairment as a function of CLcg;

[00159] FIG. 1B shows the migalastat plasma concentrations for non-Fabry patients
with varying degrees of renal impairment as a function of time post-dose;

[00160] FIG. 1C shows the area under the curve (AUC) for non-Fabry patients with
varying degrees of renal impairment;

[0G161] FIG. 2 shows migalastat concentration as a function of time for patients having

moderate to severe renal impairment;
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[00162] FIG. 3 shows the correlation between AUC,., and migalastat concentration after
48 hours for non-Fabry patients with varying degrees of renal impairment;

[0G163] FIG. 4 shows plasma migalastat concentration after 48 hours as a function of
eGFRMprp for non-Fabry patients with varying degrees of renal impairment and two Fabry

patients with renal impairment;

[00164] FIG. 5 shows plasma AUCy., for non-Fabry patients with varying degrees of
renal impairment and two Fabry patients with renal impairment;

[00165] FIGS. 6A-D show simulated median and observed migalastat concentration
versus time for normal, severe, mild and moderate renal impairment subjects, respectively;
[0G166] FIGS. TA-D show simulated Cy,x, AUC, Ciy and Cyg, respectively, for normal,
mild, moderate and severe renal impairment subjects;

[0G167] FIGS. 8A-D show the steady state prediction for QOD for normal, severe, mild
and moderate renal impairment subjects, respectively;

[0G168] FIGS. 9A-D show Cya, AUC, Ciyn and Cyg, respectively, for normal, mild,

moderate and severe renal impairment subjects;

[00169] FIGS. 10A-B show the study designs for two studies investigating the use of
migalastat in Fabry patients;

[00170] FIG. 11 shows annualized rate of change of eGFRrgp.pp; for Fabry patients on
migalastat therapy having normal renal function and mild and moderate renal impairment;
[00171] FIGS. 12A-B show annualized rate of change of eGFRckp.ger and mGFRghexol,
respectively, for Fabry patients on migalastat therapy and ERT having normal renal function
and renal impairment;

[00172] FIG. 13 shows annualized rate of change of eGFRekp.ge1 for Fabry patients on

migalastat therapy and ERT having normal renal function and mild and moderate renal

impairment;

[00173] FIG. 14A-E show the full DNA sequence of human wild type GLA gene (8EQ
ID NO: 1); and

[00174] FIG. 15 shows the wild type GLA protein (SEQ ID NO: 2).

DETAILED DESCRIPTION

[0G175] Before describing several exemplary embodiments of the invention, it is to be

understood that the invention is not limited to the details of construction or process steps set
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forth in the following description. The invention is capable of other embodiments and of being
practiced or being carried out in varions ways.

[00176] It has surprisingly been discovered that migalastat therapy stabilizes renal
function, reduces LVMI, reduces plasma lyso-Gbs and increases WBC o~-Gal A activity in
Fabry patients with mild and moderate renal imapairment, Accordingly, various aspects of the
present invention pertain to particular dosing regimens of migalastat for Fabry patients having
renal impairment. Migalastat is a pharmacological chaperone used in the treatment of Fabry
disease. This pharmacological chaperone is usually cleared from the body by the kidneys.
However, patients who have renal impairment (a common problem for Fabry patients) may not
be able to clear the migalastat from the body, and it was not previously known how patients
with both Fabry disease and renal impairment would respond to migalastat therapy. Because
pharmacological chaperones are also inhibitors, balancing the enzyme-enhancing and
inhibitory effects of pharmacological chaperones such as migalastat is very difficult.
Moreover, due to the complex interactions between Fabry disease and renal function, and the
lack of knowledge on the role of a pharmacological chaperone, migalastat dosing for Fabry
patients with renal impairment is difficult to ascertain without significant clinical data and/or
computer modeling,

[00177] Accordingly, aspects of the present invention pertain to methods of treating
Fabry patients having renal impairment and/or elevated proteinuria using migalastat or a salt
thereof, such as by stabilizing renal function, reducing LVMi, reducing plasma lyso-Gbs and/or
increasing o-Gal A activity in the patient.

[00178] In one or more embodiments, the method comprises administering to the patient
about 100 mg to about 150 mg FBE of migalastat or salt thereof at a frequency of once every
other day. The patient may have mild, moderate or severe renal impairment. In one or more
embodiments, the patient has mild or moderate renal impairment. In specific embodiments, the
patient has mild renal impairment. In other specific embodiments, the patient has moderate

renal impairment.

[00179] Definitions
[00180] The terms used in this specification generally have their ordinary meanings in
the art, within the context of this invention and in the specific context where each term is vsed.

Certain terms are discussed below, or elsewhere in the specification, to provide additional
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guidance to the practitioner in describing the compositions and methods of the invention and
how to make and use them.

[00181] The term "Fabry disease” refers to an X-linked inborn error of glycosphingolipid
catabolism due to deficient lvsosomal a-Gal A activity. This defect causes accumulation of the
substrate globotriaosylceramide ("GL-3", also known as Gbj or ceramide trihexoside) and
related glycosphingolipids in vascular endothelial lysosomes of the heart, kidneys, skin, and
other tissues. Another substrate of the enzyme is plasma globotriaosylsphingosine ("plasma
lyso-Gbs™).

[M182] A "carrier” is a female who has one X chromosome with a defective o-Gal A
gene and one X chromosome with the normal gene and in whom X chromosome inactivation
of the normal allele is present in one or more cell types. A carrier is often diagnosed with
Fabry disease.

[00183] A "patient" refers to a subject who has been diagnosed with or is suspected of
having a particular disease. The patient may be human or animal.

[0G184] A "Fabry patient” refers to an individual who has been diagnosed with or
suspected of having Fabry disease and has a mutated o-Gal A as defined further below.
Characteristic markers of Fabry disease can occur in male hemizygotes and female carriers
with the same prevalence, although females typically are less severely affected.

[00185] The term "ERT-naive patient” refers to a Fabry patient that has never received
ERT or has not received ERT for at least 6 months prior to initiating migalastat therapy.
[00186] The term "ERT-experienced patient” refers to a Fabry patient that was receiving
ERT immediately prior to initiating migalastat therapy. In some embodiments, the ERT-
experienced patient has received at least 12 months of ERT immediately prior to initiating
migalastat therapy.

[00187] Human o-galactosidase A (¢-Gal A) refers to an enzyme encoded by the human
GLA gene. The full DNA sequence of a-Gal A, including introns and exons, is available in
GenBank Accession No. X14448.1 and shown in SEQ ID NO: 1 and FIGS. 14A-E. The human
a-Gal A enzyme consists of 429 amino acids and is available in GenBank Accession Nos.
X14448.1 and U78027.1 and shown in SEQ ID NO: 2 and FIG. 15.

[00188] The term "mutant protein” includes a protein which has a mutation in the gene
encoding the protein which results in the inability of the protein to achieve a stable

conformation under the conditions normally present in the ER. The failure to achieve a stable
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conformation results in a substantial amount of the enzyme being degraded, rather than being
transported to the lysosome. Such a mutation is sometimes called a "conformational mutant.”
Such mutations include, but are not limited to, missense mutations, and in-frame small
deletions and insertions.

[O189] As used herein in one embodiment, the term "mutant o-Gal A" includes an o-
Gal A which has a mutation in the gene encoding u-Gal A which results in the inability of the
enzyme to achieve a stable conformation under the conditions normally present in the ER. The
failure to achieve a stable conformation results in a substantial amount of the enzyme being
degraded, rather than being transported to the lysosome.

[00190] As used herein, the term "specific pharmacological chaperone” ("SPC") or
"pharmacological chaperone” ("PC") refers to any molecule including a small molecule,
protein, peptide, nucleic acid, carbohydrate, etc. that specifically binds to a protein and has one
or more of the following effects: (i) enhances the formation of a stable molecular conformation
of the protein; (ii) induces trafficking of the protein from the ER to another cellular location,
preferably a native cellular location, i.e., prevents ER-associated degradation of the protein;
(iii) prevents aggregation of misfolded proteins; and/or (iv) restores or enhances at least partial
wild-type function and/or activity to the protein. A compound that specifically binds to e.g., a-
Gal A, means that it binds to and exerts a chaperone effect on the enzyme and not a generic
group of related or unrelated enzymes. More specifically, this term does not refer to
endogenous chaperones, such as BiP, or to non-specific agents which have demonstrated non-
specific chaperone activity against various proteins, such as glycerol, DMSO or deuterated
water, i.e., chemical chaperones. In one or more embodiments of the present invention, the PC
may be a reversible competitive inhibitor.

[00191] A "competitive inhibitor" of an enzyme can refer to a compound which
structurally resembles the chemical structure and molecular geometry of the enzyme substrate
to bind the enzyme in approximately the same location as the substrate. Thus, the inhibitor
competes for the same active site as the substrate molecule, thus increasing the Km.
Competitive inhibition is usually reversible if sufficient substrate molecules are available to
displace the inhibitor, i.e., competitive inhibitors can bind reversibly. Therefore, the amount of
enzyme inhibition depends upon the inhibitor concentration, substrate concentration, and the

relative affinities of the inhibitor and substrate for the active site.
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[00192] As used herein, the term "specifically binds” refers to the interaction of a
pharmacological chaperone with a protein such as a-Gal A, specifically, an interaction with
amino acid residues of the protein that directly participate in contacting the pharmacological
chaperone. A pharmacological chaperone specifically binds a target protein, e.g., a-Gal A, to
exert a chaperone effect on the protein and not a generic group of related or unrelated proteins,
The amino acid residues of a protein that interact with any given pharmacological chaperone
may or may not be within the protein'’s "active site.” Specific binding can be evaluated through
routine binding assays or through structural studies, e.g., co-crystallization, NMR, and the like.
The active site for a-Gal A is the substrate binding site.

[0G193] "Deficient a-Gal A activity” refers to a-Gal A activity in cells from a patient
which is below the normal range as compared (using the same methods) to the activity in
normal individuals not having or suspected of having Fabry or any other disease (especially a
blood disease).

[0G194] As used herein, the terms "enhance a-Gal A activity” or "increase o-Gal A
activity" refer to increasing the amount of o-Gal A that adopts a stable conformation in a cell
contacted with a pharmacological chaperone specific for the a-Gal A, relative to the amount in
a cell (preferably of the same cell-type or the same cell, e.g., at an earlier time) not contacted
with the pharmacological chaperone specific for the o-Gal A. This term also refers to
increasing the trafficking of o-Gal A to the lysosome in a cell contacted with a
pharmacological chaperone specific for the u~Gal A, relative to the trafficking of a-Gal A not
contacted with the pharmacological chaperone specific for the protein. These terms refer to
both wild-type and mutant 0-Gal A. In one embodiment, the increase in the amount of ¢-Gal A
in the cell is measured by measuring the hydrolysis of an artificial substrate in lysates from
cells that have been treated with the PC. An increase in hydrolysis is indicative of increased o-
Gal A activity.

[00195] The term "o-Gal A activity” refers to the normal physiological function of a
wild-type o-Gal A in a cell. For example, o-Gal A activity includes hydrolysis of GL-3.
[00196] A "responder" is an individual diagnosed with or suspected of having a
lysosomal storage disorder, such, for example Fabry disease, whose cells exhibit sufficiently
increased o-Gal A activity, respectively, and/or amelioration of symptoms or enhancement in

surrogate markers, in response to contact with a PC. Non-limiting examples of enhancements

Date Regue/Date Received 2023-12-22



10

15

20

25

30

18

in surrogate markers for Fabry are lyso-Gb; and those disclosed in U.S. Patent Application
Publication No. US 2010/0113517.

[00197] Non-limiting examples of improvements in surrogate markers for Fabry disease
disclosed in US 2010/0113517 include increases in o-Gal A levels or activity in cells (e.g.,
fibroblasis) and tissue; reductions in ol GL-3 accumulalion; decreased plasma concentrations
of homocysteine and vascular cell adhesion molecule-1 (VCAM-1); decreased GIL-3
accumulation within myocardial cells and valvular fibrocytes; reduction in plasma lyso-Gbs;
reduction in cardiac hypertrophy (especially of the left ventricle), amelioration of valvular
insufficiency, and arrhythmias; amelioration of proteinuria; decreased urinary concentrations
of lipids such as CTH, lactosylceramide, ceramide, and increased urinary concentrations of
glucosylceramide and sphingomyelin; the absence of laminated inclusion bodies (Zebra
bodies) in glomerular epithelial cells; improvements in renal function; mitigation of
hypohidrosis; the absence of angiokeratomas; and improvements hearing abnormalities such as
high frequency sensorineural hearing loss progressive hearing loss, sudden deafness, or
tinnitus. Improvements in ncurological symptoms include prevention of transient ischemic
attack (TIA) or stroke; and amelioration of neuropathic pain manifesting itself as
acroparaesthesia (burning or tingling in extremities). Another type of clinical marker that can
be assessed for Fabry disease is the prevalence of deleterious cardiovascular manifestations.
Common cardiac-related signs and symptoms of Fabry disease include left ventricular
hypertrophy, valvular disease (especially mitral valve prolapse and/or regurgitation), premature
coronary artery disease, angina, myocardial infarction, conduction abnormalities, arrhythmias,
congestive heart failure.

[00198] As used herein, the phrase "stabilizing renal function” and similar terms, among
others things, refer to reducing decline in renal function and/or restoring renal function. As
untreated Fabry patients are expected to have significant decreases in renal function,
improvements in the rate of renal function deterioration and/or improvements in renal function
demonstrate a benefit of migalastat therapy as described herein. In particular, stabilizing renal
function may manifest in a Fabry patient, regardless of the severity of kidney function and
whether ERT-naive or experienced, by improving renal function or delaying the rate of renal
function deterioration when compared to an analogous patient not treated with a therapy of the
present invention, for example, as much as 0.2 mL/min/1.73m* for one particular patient

population. An advantage of the method of treatment disclosed herein compared to non-
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treatment (no chaperone or ERT-treatment) or ERT-treatment is that Fabry patients treated
with the present invention exhibit less or no decline in his or her renal function. For example,
improvements may be observed with ERT-treatment initially but the renal function of ERT-
treated patients experiences a precipitous decline after the initial two or three years of the
therapy — similar to the degree of decline observed prior to ERT-treatment. In contrast, the
therapy described herein clears lysosomal GL-3 more efficiently and has been shown to elicit
improvement in patients (e.g., see Example 5) not expected to improve, for example, in an
ERT-experienced patient. Clinical data to date using the therapy described herein is expected
to deliver continued improvements in patient outcomes even after two years post-treatment,
Thus, in some embodiments, a patient treated with the therapy described herein continues to
stabilize renal function for more than two years after treatment (e.g., by improving a
glomerular filtration rate (GFR) or delaying the rate of decline of a GFR in the patient).
[00199] "Renal impairment" refers to a patient having a GFR less than 90
mL/min/1.73m? Two of the most commonly used equations for calculating an estimated
glomernlar filtration rate (eGFR) from serum creatinine are the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation and the Modification of Diet in Renal
Disease (MDRD), which are referred to as eGFRcegpper and eGERyprp, tespectively. The
severity of chronic kidney disease has been defined in six stages:

a. (Stage 0) Normal kidney function — GFR above 90 mL/min/1.73 m? and no

proteinuria;
b. (Stage 1) — GFR above 90 mL/min/1.73 m? with evidence of kidney damage;
c. (Stage 2) (mild) - GFR of 60 to 89 ml/min/1.73 m? with evidence of kidney
damage;

d. (Stage 3) (moderate) — GFR of 30 to 59 mL/min/1.73 m>;

e. (Stage 4) (severe) — GFR of 15 to 29 mL/min/1.73 m?;

f. (Stage 5) kidney failure — GFR less than 15 mL/min/1.73 m>.
[00200] "Elevated proteinuria” refers to urine protein levels that are above the normal
range. The normal range for urine protein is 0-150 mg per day, so elevated proteinuria is urine
protein levels about 150 mg per day.
[00201] As used herein, the phrase "stabilize plasma lyso-Gbs" and similar terms refer to
reducing the increase in plasma lyso-Gbj and/or reducing plasma lyso-Gbs. As untreated Fabry

patients are expected to have significant increases in plasma lyso-Gbs, improvements in the
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rate of plasma lyso-Gbj; accumulation and/or improvements in plasma lyso-Gbs demonstrate a
benefit of migalastat therapy as described herein.

[0G202] The dose that achieves one or more of the aforementioned responses is a
"therapeutically effective dose.”

[00203] The phrase "pharmaceutically acceptable” refers to molecular entities and
compositions that are physiologically tolerable and do not typically produce untoward
reactions when administered to a human. In some embodiments, as used herein, the term
"pharmaceutically acceptable” means approved by a regulatory agency of the Federal or a state
government or listed in the U.S. Pharmacopoeia or other generally recognized pharmacopoeia
for use in animals, and more particularly in humans. The term "carrier” in reference to a
pharmaceutical carrier refers to a diluent, adjuvant, excipient, or vehicle with which the
compound is administered. Such pharmaceutical carriers can be sterile liquids, such as water
and oils. Water or aqueous solution saline solutions and aqueous dextrose and glycerol
solutions are preferably employed as carriers, particularly for injectable solutions. Suitable
pharmaceutical carriers are described in "Remington's Pharmaceutical Sciences" by E. W.
Martin, 18th Edition, or other editions.

[00204] The term "enzyme replacement therapy” or "ERT" refers to the introduction of a
non-native, purified enzyme into an individual having a deficiency in such enzyme. The
administered protein can be obtained from natural sources or by recombinant expression (as
described in greater detail below). The term also refers to the introduction of a purified enzyme
in an individual otherwise requiring or benefiting from administration of a purified enzyme,
e.g., suffering from enzyme insufficiency. The introduced enzyme may be a purified,
recombinant enzyme produced in vitro, or protein purified from isolated tissue or fluid, such
as, e.g., placenta or animal milk, or from plants.

[00205] As used herein, the term "isclated" means that the referenced material is
removed from the environment in which it is normally found. Thus, an isolated biological
material can be free of cellular components, i.e., components of the cells in which the material
is found or produced. In the case of nucleic acid molecules, an isolated nucleic acid includes a
PCR product, an mRNA band on a gel, a cDNA, or a restriction fragment. In another
embodiment, an isolated nucleic acid is preferably excised from the chromosome in which it
may be found, and more preferably is no longer joined to non-regulatory, non-coding regions,

or to other genes, located upstream or downstream of the gene contained by the isolated
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nucleic acid molecule when found in the chromosome. In yet another embodiment, the isolated
nucleic acid lacks one or more introns. Isolated nucleic acids include sequences inserted into
plasmids, cosmids, artificial chromosomes, and the like. Thus, in a specific embodiment, a
recombinant nucleic acid is an isolated nucleic acid. An isolated protein may be associated
with other proteins or nucleic acids, or both, with which it associates in the cell, or with
cellular membranes if it is a membrane-associated protein. An isolated organelle, cell, or tissue
is removed from the anatomical site in which it is found in an organism. An isolated material
may be, but need not be, purified.

[00206] The terms "about" and "approximately” shall generally mean an acceptable
degree of error for the quantity measured given the nature or precision of the measurements.
Typical, exemplary degrees of error are within 20 percent (%), preferably within 10%, and
more preferably within 5% of a given value or range of values. Alternatively, and particularly
in biological systems, the terms "about" and "approximately” may mean values that are within
an order of magnitude, preferably within 10- or 5-fold, and more preferably within 2-fold of a
given value. Numerical guantities given herein are approximate unless stated otherwise,
meaning that the term "about” or "approximately” can be inferred when not expressly stated.
[00207] As used herein, the term "free base equivalent” or "FBE" refers to the amount of
migalastat present in the migalastat or salt thereof. In other words, the term "FBE" means
either an amount of migalastat free base, or the equivalent amount of migalastat free base that
is provided by a salt of migalastat. For example, due to the weight of the hydrochloride salt,
150 mg of migalastat hydrochloride only provides as much migalastat as 123 mg of the free
base form of migalastat. Other salts are expected to have different conversion factors,
depending on the molecular weight of the salt.

[00208] The term "migalastat” encompasses migalastat free base or a pharmaceutically

acceptable salt thereof (e.g., migalastat HCI), unless specifically indicated to the contrary.

[00209] Fabrv Disease
[00210] Fabry disease is a rare, progressive and devastating X-linked lysosomal storage

disorder. Mutations in the GLA gene result in a deficiency of the lysosomal enzyme, a-Gal A,
which is required for glycosphingolipid metabolism. Beginning early in life, the reduction in o-
Gal A activity results in an accumulation of glycosphingolipids, including GI.-3 and plasma

lyso-Gbs, and leads to the symptoms and life-limiting sequelae of Fabry disease, including
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pain, gastrointestinal symptoms, renal failure, cardiomyopathy, cerebrovascular events, and
carly mortality. Early initiation of therapy and lifelong treatment provide an opportunity to
slow disease progression and prolong life expectancy.

[00211) Fabry disease encompasses a spectrum of disease severity and age of onset,
although it has traditionally been divided into 2 main phenotypes, "classic" and "late-onset”.
The classic phenotype has been ascribed primarily to males with undetectable to low o-Gal A
activity and earlier onset of renal, cardiac andfor cercbrovascular manifestations. The late-
onset phenotype has been ascribed primarily to males with higher residual o-Gal A activity and
later onset of these disease manifestations. Heterozygous female carriers typically express the
late-onset phenotype but depending on the pattern of X-chromosome inactivation may also
display the classic phenotype.

062121 More than 800 Fabry disease-causing GLA mutations have been identified.
Approximately 60% are missense mutations, resulting in single amino acid substitutions in the
o-Gal A enzyme. Missense GLA mutations often result in the production of abnormally folded
and unstable forms of a-Gal A and the majority are associated with the classic phenotype.
Normal cellular quality control mechanisms in the endoplasmic reticulum block the transit of
these abnormal proteins to lysosomes and target them for premature degradation and
elimination. Many missense mutant forms are targets for migalastat, an a-Gal A-specific
pharmacological chaperone.

[00213] The clinical manifestations of Fabry disease span a broad spectrum of severity
and roughly correlate with a patient’s residual o-GAL levels. The majority of currently treated
patients are referred to as classic Fabry disease patients, most of whom are males. These
patients experience disease of various organs, including the kidneys, heart and brain, with
disease symptoms first appearing in adolescence and typically progressing in severity until
death in the fourth or fifth decade of life. A number of recent studies suggest that there are a
large number of undiagnosed males and females that have a range of Fabry disease symptoms,
such as impaired cardiac or renal function and strokes, that usually first appear in adulthood.
Individuals with this type of Fabry disease, referred to as late-onset Fabry disease, tend to have
higher residual a-GAL levels than classic Fabry disease patients. Individuals with late-onset
Fabry disease typically first experience disease symptoms in adulthood, and often have disease

symptoms focused on a single organ, such as enlargement of the left ventricle or progressive
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kidney failure. In addition, late-onset Fabry disease may also present in the form of strokes of
unknown cause.

[00214] Fabry patients have progressive kidney impairment, and untreated patients
exhibit end-stage renal impairment by the fifth decade of life. Deficiency in o-Gal A activity
leads to accumulation of GL-3 and related glycosphingolipids in many cell types including
cells in the kidney. GL.-3 accumulates in podocytes, epithelial cells and the tubular cells of the
distal tubule and loop of Henle. Impairment in kidney function can manifest as proteinuria and
reduced glomerular filtration rate.

[M215] Because Fabry disease can cause progressive worsening in renal function, it is
important to understand the pharmacokinetics (PK) of potential therapeutic agents in
individuals with renal impairment and particularly so for therapeutic agents that are
predominantly cleared by renal excretion. Impairment of renal function may lead to
accumulation of the therapeutic agent to levels that become toxic.

[0G216] Because Fabry disease is rare, involves multiple organs, has a wide age range of
onset, and is heterogeneous, proper diagnosis is a challenge. Awareness is low among health
care professionals and misdiagnoses are frequent. Diagnosis of Fabry disease is most often
confirmed on the basis of decreased o-Gal A activity in plasma or peripheral leukocytes
(WBCs) once a patient is symptomatic, coupled with mutational analysis. In females, diagnosis
is even more challenging since the enzymatic identification of carrier females is less reliable
due to random X-chromosomal inactivation in some cells of carriers. For example, some
obligate carriers (daughters of classically affected males) have o-Gal A enzyme activities
ranging from normal to very low activities. Since carriers can have normal o-Gal A enzyme
activity in leukocytes, only the identification of an o-Gal A mutation by genetic testing
provides precise carrier identification and/or diagnosis.

[00217] Mutant forms of o-galactosidase A considered to be amenable to migalastat are
defined as showing a relative increase (+10 pM migalastat) of >1.20-fold and an absolute
increase (+ 10 uM migalastat} of = 3.0% wild-type when the mutant form of a-galactosidase A
is expressed in HEK-293 cells (referred to as the "HEK assay") according to Good Laboratory
Practice (GLP)-validated in vitro assay (GLP HEK or Migalastat Amenability Assay). Such
mutations are also referred to herein as "HEK assay amenable” mutations.

[00218] Previous screening methods have been provided that assess enzyme

enhancement prior to the initiation of treatment. For example, an assay using HEK-293 cells

Date Regue/Date Received 2023-12-22



10

15

20

25

30

has been ntilized in clinical trials to predict whether a given mutation will be responsive to
pharmacological chaperone (e.g., migalastat) treatment. In this assay, cDNA constmcts are
created. The corresponding a-(Gal A mutant forms are transiently expressed in HEK-293 cells.
Cells are then incubated + migalastat (17 nM to 1 mM) for 4 to 5 days. After, u-Gal A levels
are measured in cell lysates using a synthetic (luorogenic substrale (4-MU-o-Gal) or by
western blol. This has been done for known disease-cansing missense or small in-frame
insertion/deletion mutations. Mutations that have previously been identified as responsive to a
PC (e.g. migalastat) using these methods are listed in U.S. Pat. No. 8,592,362

[00219] Pharmacological Chaperones
[00220] The binding of small molecule inhibitors of enzymes associated with LSDs can
increase the stability of both mutant enzyme and the corresponding wild-type enzyme (see U.S,
Pat. Nos. 6,274,597, 6,583,158; 6,589,964; 6,599,919; 6,916,829, and 7,141,582.

In particular, administration of small molccule derivatives of

glucose and galactose, which are specific, selective competitive inhibitors for several target
lysosomal enzymes, effectively increased the stability of the enzymes in cells in vitro and,
thus, increased trafficking of the enzymes to the lysosome. Thus, by increasing the amount of
enzyme in the lysosome, hydrolysis of the enzyme substrates is expected to increase. The
original theory behind this strategy was as follows: since the mutant enzyme protein is unstable
in the ER (Ishii et al., Biochem. Biophys. Res. Comm. 1996; 220: 812-813), the enzyme protein
is retarded in the normal transport pathway (ER—Golgi apparatus—endosomes—lysosome)
and prematurely degraded. Therefore, a compound which binds to and increases the stability of
a mutant enzyme, may serve as a "chaperone” for the enzyme and increase the amount that can
exit the ER and move to the lysosomes. In addition, because the folding and trafficking of
some wild-type proteins is incomplete, with up to 70% of some wild-type proteins being
degraded in some instances prior to reaching their final cellular location, the chaperones can be
used to stabilize wild-type enzymes and increase the amount of enzyme which can exit the ER
and be trafficked to lysosomes.

[00221] In one or more embodiments, the pharmacological chaperone comprises

migalastat or a salt thereof. The compound migalastat, also known as 1-
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deoxygalactonojirimycin (1-DGIJ) or (2R,35,4R,55)-2-(hydroxymethyl) piperdine-3,4,5-triol is

a compound having the following chemical formula:

OH
OH
OH
N
H
Migalastat free base
[00222] As discussed herein, pharmaceutically acceptable salts of migalastat may also

be used in the present invention. When a salt of migalastat is used, the dosage of the salt will
be adjusted so that the dose of migalastat received by the patient is equivalent to the amount
which would have been received had the migalastat free base been used. One example of a
pharmaceutically acceptable salt of migalastat is migalastat HCI:

CH

H m’, ’”n 0 H

OH
HC N

Migalastat HCI

[00223] Migalastat is a low molecular weight iminosugar and is an analogue of the
terminal galactose of GL-3. In vitro and in vivo pharmacologic studies have demonstrated that
migalastat acts as a pharmacological chaperone, selectively and reversibly binding, with high
affinity, to the active site of wild-type a-Gal A and specific mutant forms of a-Gal A, the
genotypes of which are referred to as HEK assay amenable mutations. Migalastat binding
stabilizes these mutant forms of a-Gal A in the endoplasmic reticulum facilitating their proper
trafficking to lysosomes where dissociation of migalastat allows a-Gal A to reduce the level of
GL-3 and other substrates. Approximately 30-50% of patients with Fabry disease have HEK

assay amenable mutations; the majority of which are associated with the classic phenotype of
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the disease. A list of HEK assay amenable mutations includes at least those mutations listed in
Table 1 below. In one or more embodiments, if a double mutation is present on the same
chromosome (males and females), that patient is considered HEK assay amenable if the double
mutation is present in one entry in Table 1 (e.g., DS5V/Q57L). In some embodiments, if a
5  double mulation is present on dillerent chromosomes (only in females) that patient is
considered HEK assay amenable il either one of the individual mutalions is present in Table 1.
In addition to Table 1 below, HEK assay amenable mutations can also be found in the
summary of product characteristics andfor prescribing information for GALAFOLD™ in
various countries in which GALAFOLD™ is approved for use, or at the website
10 www.galafoldamenabilitytable.com.

Table 1
Nucleotide change Nucleotide change Protein sequence change
¢, 700 ¢.CT0 L3V
e.8T>C ¢, TRC L3P
.| 116>, 6204>C) ¢ G11TIAG20C RAM/Y 20075
e.37G>A c.G37A Al3T
c.37G>C c.G37C Al3P
c43G>A c.G43A AlST
cAC>0 ¢.C440 AlSG
c.53T>0 c.TS30 F18C
cS80>C ¢.G58C A20P
. 59C>A c.C5OA A20D
¢ JUT>C or e TOT>A . TT0C or ¢. TTOA W24R
¢ J0T>G . T70G W24G
¢.720>C or e.720T e.(372C or ¢.(372T W24
c.95T=C ¢.T95C L32p
c.97G-T c.GY7T D33Y
c.OB A0 ¢, AGBC D33G
c. 100A>( c.A1000 N34D
¢, 101A>C ¢ ALNC N34T
c. 10140 c.A101G M348
¢.102T>C or ¢. 102T>A ¢.T102G or ¢. T102A N34K
¢.103C>C or ¢, 103G>A ¢ G103C or ¢.G103A G35R
c J04G>A c.G104A G35E
c 1040G>T e 104T G35V
c107T>C c. T107C L3635
¢ 107T>0 cTIOTG L36W
¢ J08G>C or ¢.108C>T ¢.G108C or ¢.G10BT L36F
. 109G>A ¢.G109A A3TT
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Table 1
Nucleotide change Nueleotide change Protein sequence change
¢.110C>T e C110T A3TV
¢.122C>T c.C122T T411
¢. 124A>C or ¢.124A>T e A124C or ¢, A124T M42L
c. 124 A>3 c.A124G M42V
e, 123T=A, ¢, T125A M42K,
¢.125T>C c. T125C M42T
¢ 125T>C ¢, T125G M42R
. 126G>A or ¢.126G>C or c.G126A or c.G126C or c.G126T M421
c.126G>T
¢.137A>C c.A137C H46P
¢.142G>C e G142C E4BQ
e 152T>A e T152A M51K
. 153G>A or ¢, 153G>T or ¢ G153A or ¢.(G153T or c.(3153C M511
¢.153G>C
. 157A>G ¢ ALSTG N353D
¢.[157A>C; 158A>T] c.A15TC/A158T N53L
c. 160C>T e C160T L54F
¢.161T>C e T161C L54P
¢, 164 A0 c.A164G D550
c. 164A>T c.A164T D35V
c. J164 A>T, 170A>T] c. A164T/AL1T7OT D55V/QSTL
¢ 167G>T e Gl167T C36F
¢, 167G>A c.Gl67A C56Y
e 170A>T e A170T Q571
c. 175G>A c.G1T5A ES9K
e 1 78C=A c.C178A PelT
¢.17T8C>T c.CI178T Pe0S
¢. 179C>T cC179T P60L
c. 1960>A c.(G196A E66K
c 19T A= c. A197CG E66CH
¢.207C>A or ¢.200C>G ¢.C207A or ¢.C207G FRYUL
c.214 A0 c. A214G M72V
c.216G>A or¢.2160G>T or cG216A or ¢.G216T or c.G216C M2
c.2160G=>C
¢.218C>T e C218T ATV
c.227T>C c. T227C M76eT
¢.239CG>A e G239A GROD
c247G>A c.(G247TA DR3IN
C.253C>A ¢, G2I3IA G858
¢.254G>A c.(G254A GRSD
¢.[253G=A; 2540G>A] cG2I3AMG254A GBSN
c.[253G>A; 2540G>T; 255T>(3] c.G253A/G254T/T255G GBSM
£.201G>C or c.2610G>T e, G261C or ¢ G261T ESTD
¢.265C>T e C265T LEYF
¢.272T>C c.T272C 91T
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Table 1
Nucleotide change Nueleotide change Protein sequence change
c.2B88G>A or ¢.288G>T or c.G288A or ¢.G288T or ¢.G288C M96I
c. 2RA0C>C
¢.289G=C e.G289C A97p
. 290C>T c.C290T ATV
¢.305C>T e C305T S102L
¢.311G>T c.G311T G104V
¢.316C>T e C316T L106F
¢.322G>A ¢ G322A Al108T
¢.326A>C ¢, A3260 D109G
¢.334C>G ¢.C334G R112G
¢.3353C>A ¢, G335A R112H
c.337T>A e T337A F1131
c.337T=C or c.339T>A or ¢ T337C or ¢, T339A or ¢ T339G F1131.
¢.339T>0
¢.352C>T e C332T R11BC
¢.361G>A c.G361A Al121T
¢, I68A>G c. AJORG Y123
¢.373C>T e C373T H125Y
¢.374A>T c.A374T H1251,
¢.3T6 A c. A3760G 51260
c.383G=A c.(FIB3IA (3128E
e 399> ¢, T3990G 1133M
¢.404C>T c.C404T Al35V
c.4HBT=A or c.408T>G ¢, T408A or ¢. T408G D136E
cA416A>G c. A416G N139S
c.419A>C c.A419C K.140T
c.427G=A c.G427A Al43T
¢.431C=A . G431A G144
c431G>T c.G431T 3144V
c434T>C c. T434C F1458
c.436C>T e C436T P1465
c.437C=0 c.C437G P146R
c434T>(C e. T454(C Y152H
cA55A>G c. A455G Y1520
. 4660 A, ¢ G4606A, Al56T
cA6TCST c.C467T A156V
c471G>C or c471G>T c.G471C or c.G4T71T Q157TH
c.484T>0 c. T484G w1626
c.493CG>C e 493C D165H
c.A94A>G c.A494G D165G
¢.[496C>(3; 497T>G] ¢ C496GIT497G L166G
c.496C>G c.C496G L166V
c.496_497delinsTC c.496_497delins TC L1665
. 499C >0 ¢.C499G L167V
¢.506T>C c. T506C F1695
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Table 1
Nucleotide change Nueleotide change Protein sequence change
¢.511G>A ¢ G511A G1718
¢.520T>C ¢, T520C C174R
¢.520T>G ¢. T5206G C174G
C.525C>(3 or ¢.525C>A cJC525G or c.C525A DI175E
339> ¢, T339C L180OW
¢.5340G>C c.G540C L180F
c.348CG>C e G548C Ci183A
c.548G>A c.GS48A G183D
330 T>A ¢ T350A Y184N
¢.551 A>»G c.AS51G Y184C
¢. 553 A0 . A353G K185E
c.559A>G c. AS59G MI187V
c.5539 564dup ¢.559_564dup p.M187 S188dup
¢.560T>C e, T360C MI1B7T
c.5610G>T or c.5610G>A or c.G561T or c.GS561A or c.GS61C MI1871
¢.5610G>C
C.5T2T>A c.TST2A L191Q
¢.581C>T c.C581T T1941
c.5840G>T c.GH84T G195V
¢.586A>CG ¢, A3R6G R 1960
c.593T>C c. TS93C 1188T
¢.595C>A ¢GOS A V199M
¢.396T=>C c. T396C VI199A
e.396T>C . TH60 V199G
. 599A (5 c. AS99G Y200C
c.B602C>T c Ce02T S201F
c.602C>A e.Ce02A 5201Y
c.6084>T . AB08T E203V
c600G>C or c.609G>T c.GO09C or ¢.G60OT E203D
c.613C>A c.COI3A P205T
¢.613C>T e C613T P2058
c.614CsT c.C614T P205L.
c.519T>C c. T619C Y207H
c.620A>C c. AG20C Y2005
e.623T>C ¢. 6230k M2OER
c.628C>T c.CO28T P2105
c.629C>T c.C6o29T P210L
c.638A>G c. AG3BG K213R
c.038A>T C.AG3BT K213M
c.640C>T e.Ce40T P21458
¢.641C>T c.C641T P214L
c.643A5G . AG43G N215D
c.644A>G c. AG44G MN2158
c.644A>T c.A644T N2151
c.[Jod4A>G; 937G>T] c. A44GIGY3TT N2135/D313Y
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Table 1

Nucleotide change

Nueleotide change

Protein sequence change

c.646T=0G ¢.T6460G Y216D
c.64TA>C c, AT Y216C
c.655A>C e AB55C 1219L
c.656T>A c. TOS6A 1219N
¢.656T>C . T656C 12197
¢.059G>A c.G6I9A R2200Q
c.659G>C .G6359C R220P
c.H02A5C c.AG62C Q221P
c.671A>C ¢ AGT1IC N224T
¢.671A>G c. A6T1G N2248
€ 673C>C c.C673G H225D
c.683A>G c. A683G N228S
¢ 687T=A or c.687T>Cx c. Te8TA or c. TORTG F2291.
cH95T>C e T695C 1232T
c.T130G>A c¥713A S238N
¢ T1I6T>C e T7160 1239T
c.720G>C or ¢ 7200>T . GT20C or 37207 240N
. 724M>CG ¢ AT24CG 1242V
c. 724 A>T c.AT24T 1242F
c.725T>A c.TT25A 242N
c.125T>C c. T725C 12427
c.728T>C ¢. T728CG L243W
. 720G>C or ¢.7200G>T c.GT29C or ¢ .(G729T L243F
¢.730G>A ¢.GT30A D244N
c.T30G>C e.3730C D244H
c.733T>C c. 733G W24503
¢ 740C>CG c.C7406G S247C
¢.747C>G or ¢, 747C>A ¢.C747G or c.CT47A N249K
c.T49AS(C e AT49C Q250P
c.TA9A G c. AT49G Q250R
e 750G>C ¢.G750C Q250H
C.758T>C e T758C 1253T
c.758T>G c. T7580 12538
c.760-162delGTT c.760_762delGTT p.V254del
¢ 769G>C c.G769C A25TP
e TT0C>G c.CT70G A257G
¢ 12G>C or ¢.7T12G>A G20 or ¢ GVI2A G258R
. 773G>T c.GT73T G258V
c.TT6C>G c.C7T760G P259R
¢ 776C>T e CT76T P259],
¢.7T9G>A c.GTT9A G260E
c.779G>C c.G779C G260A
c.781G>A c.GTE1A 2618
¢, 781G>C c.G781C G261R
¢.781G>T ¢.G781T G261C
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Table 1
Nucleotide change Nueleotide change Protein sequence change
¢.788A>G c. ATRRG N2638
¢ 790C>T c.GTO0T D264Y
¢.794C>T e CT794T P265L
¢.B00T>C c. TROOC M267T
¢.B03G>A, ¢ GBOSA V2690
¢.806T>C c. TRO6C V269A
¢.809T>C ¢, TROVC 12707
c.810T>G c.TRI0G 1270M
c.811G=A ¢, GE11A G2718
c.[811G>A; 937G>T] c.GBLIA/G93TT G2715/D313Y
¢.B12CG=A c. GE12A G271D
c.823C>G c.C823G L2758V
c B2TCi=A c.GiB2TA S276N
c.829T=>0G ¢.T829G W2TIG
c.831G>T or c.831G>C c.GB31T or c.GR31C W2TTC
c.832A>T c. AB32T N278Y
c.835C>G c.C&35CG Q279K
c.838CA, e CB3BA Q280K
c.840A>T or ¢.840A>C . A840T or c. ABJOC Q280H
c.844A>G c. ARG T282A
c.B45C>T c.C845T T2821
¢.850A >0 ¢. A850G M284V
c.851T>C . TRS1C M284T
c.860G>T ¢.G860T W287L
c.8620>C c.GB62C A288P
c.866T>0G c. TRGOG 12898
c.868A>C or c.868A>T . A868C or c ABGET M290L
¢.869T>C c. TREQC M290T
¢.870G=>A or ¢.8370G>C or c.GBTOA or ¢.GBTOC or c.GETOT M2901
c.BT0G>T
¢.871G>A, ¢ GBT1A AT
c.877C=A c.CRTTA P293T
c.881T>C c. T8E1C 12948
c.884T>G c. TBR4G F205C
¢.B86A>( c. ABB6G M296V
c.886 A>T or c.886A>C c. ABRGT or c. ABBGC MZ296L
. 887 = c. T887C M296T
c.888G>A or c.888C>T or c.GBB8A or c.GREAT or c.GEERC M2961
c.BBRG>C
¢.B93 A . AB93G M298S
c.897C>G or ¢.897C>A ¢.C897G or c.CBYTA D299E
c.898C>T c.CBOST L300F
¢.899T>(C c. TROOC L300P
¢ 901C>G c.CO01G R301G
¢.902G>C ¢.GO02C R301P
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Table 1
Nucleotide change Nueleotide change Protein sequence change
¢.902G>A ¢ GO02A R301Q
c.9020>T . GO02T R301L
¢.907A>T . AB0TT I303F
c.O08T>A c.TOOBA I303N
¢.911G=A, c.GO11A S304N
c.911G>C c.G911C S304T
c.919GC>A c.GO19A AZ0TT
c.O22A>G c.A922G K308E
c. 924 A>T or ¢,924AC c. AT or ¢ AG4C K308N
c.9250G>C c3925C A309P
¢.926C>T e CO26T A300V
c.928C>T c.CO2I8T L310F
c.931C>G c.Co31G L311V
¢.935A>C ¢ A935G Q312R
c.936G>T or ¢.936G>(C c.G36T or c.(G9360C 312H
c.937G>T c.G937T D313Y
c.[9370>T; 12320G>A] c.GO3TTIG1232A D313Y/G411D
¢ 938A>CG ¢, A93BCH D313G
c.946G=A ¢.GI46A V3161
c.947 T c.TO47G V316G
c950T>C c. T950C 13177
c.955A>T c.A9SST I319F
c.956T>C ¢.T956C 13197
c.959A>T c.A959T N3201
c.962A>G c.AB62G 0Q321R
c.962A>T Cc.A962T Q3211
e.963G>C or ¢.963G>T ¢.G963C or ¢.G963T Q321H
c.964G>A c.(GO64A D322N
c.964G>C c.(GO64C D322H
c.966C>A or c.966C>G c.CO966A or c.CO660 D322E
c.968C>0 c.CO680 P323R.
¢.973G>A ¢.GY9T3A (332358
c.873G>C c.G9T3C G325R
c.918G>C or c.978G>T c.G9V8C or c.GYT8T K326N
c.979C>(3 c.CO790 Q327E
c.980A>T C.ASBOT Q3271
c.983G>C ¢.G983C G328A
c.989A>G c.A980G Q330R
c.10010=A cGLODTA G334E
¢ 1010T>C ¢. T1010C F3378
¢. 101 2G>A ¢.G1012A E338K
¢.1016T>A c¢. T1016A V339E
c. 1027C>A c.C1027A P343T
c. 1028C>T c.C1028T P343L,
¢. 1033T>C ¢. T1033C S345P
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Table 1
Nucleotide change Nueleotide change Protein sequence change

<. 1046G>C ¢.(31046C W3495
¢. 1055C>C c.C1055G A3S2G
¢.1055C>T ¢.C1055T A352V
c.1061T=A c.T1061A I354K
¢. 1066C>C ¢. C1066C R3560
c. 1066C>T ¢.C1066T R356W
¢ 106TCh=A ¢.(3106T7A R3560Q
c.1067G>C c.G1O67C R356P
¢ 1072G>C ¢, (31072C E3580
<. 1073A>C c.A1073C E358A
¢ JOT3A>C ¢.A1073C E3S8G

c. 1074G>T or c. 1074G>C c.G1074T or c.G1074C E358D
c. 1076T>C c. T1076C 1359T
¢. 1078G>A ¢.G1OT8A (33608
c.1078C>T c.G1078T G360C
. 1079G=>A cGLOTIA G360D
c.1082C>A cGLOB2A G361E
c. 10820G>C ¢, (1082C G361A
c.1084C>A c.C1084A P362T
c. 1085C>T c¢.C1085T P362L
c. 1087C>T c.C1087T R363C
¢ JO88C>A c.(31OBBA R363H
c.1102G>A c.G1102A A3GET
¢ 1117G>A ¢GLLITA G3738
c.1124CG>A cG1L124A G3TSE
c.1153A>0 c.A1153G T385A
¢.1168C>A c.G1168A V390M
¢ 1172A>C c.A1172C K391T
. 1184CG>A c.G1184A GI95E
c.1184G>C c.G1184C G395A
¢ 1162Ck=A c.Gi1192A E398K

¢.1202_1203insGACTTC ¢. 1202 _1203insGACTTC p. T400_S401dup
c.1208T>C ¢.T1208C L4035
c.1225C>G c.C1225G P409A
c. 1225C>T cC1225T P4095
c.1225C>A ¢ CI1225A P409T
. 1228 A5G ¢.A1228G T410A
c.1229C>T ¢.C12297T T4101
Cc.12320=>A cG1232A G411D
¢ 1235C>A, ¢, C1235A T412MN
¢.1253A50G ¢.A1253G E418G
¢ 1261A>G ¢ A1261G M421V

[00224]
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[00225] Progressive decline in renal function is a major complication of Fabry disease.
For example, patients associated with a classic Fabry phenotype exhibit progressive renal
impairment that may eventually require dialysis or renal transplantation.
[00226] A frequently used method in the art to assess kidney function is GFR.
Generally, the GFR is the volume of fluid filtered from the renal glomerular capillaries into the
Bowman's capsule per unit time. Clinically, estimates of GFR are made based upon the
clearance of creatinine from serum. GFR can be estimated by collecting urine to determine the
amount of creatinine that was removed from the blood over a given time interval. Age, body
size and gender may also be factored in. The lower the GFR number, the more advanced
kidney damage is.
[00227] Some studies indicate that untreated Fabry patients experience an average
decline in GFR between 7.0 and 18.9 mL/min/1.73 m® per year, while patients receiving ERT
may experience an average decline in GFR between 2.0 and 2.7 mL/min/1.73 m? per year,
although more rapid declines may occur in patients with more significant proteinuria or with
more severe chronic kidney disease.
[00228] An estimated GFR (eGFR) is calculated from serum creatinine using an isotope
dilution mass spectrometry (IDMS) traceable equation. Two of the most commonly used
equations for estimating glomerular filtration rate (GFR) from serum creatinine are the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) equation and the Modification of Diet
in Renal Disease (MDRD) Study equation. Both the MDRD Study and CKD-EPI equations
include variables for age, gender, and race, which may allow providers to observe that CKD is
present despite a serum creatinine concentration that appears to fall within or just above the
normal reference interval.
[00229] The CKD-EPI equation uses a 2-slope "spline” to model the relationship
between GFR and serum creatinine, age, sex, and race. CKD-EPI equation expressed as a
single equation:
GFR = 141 x min (Se /&, 1)a X max(Se /x, 1)-1.209 x 0.9934%° x 1,018 [if female] x 1.159 [if
black]

where:

Ser s serum creatinine in mg/dL,

x is 0.7 for females and 0.9 for males,

a is -0.329 for females and -0.411 for males,
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min indicates the minimum of S, x or 1, and

max indicates the maximum of S /x or 1.
[0G230] The following is the IDMS-traceable MDRD Study equation (for creatinine
methods calibrated to an IDMS reference method):
GFR (mL/min/1.73 m?) = 175 x (S x (Age)™™ x (0.742 if female) x (1.212 if African
American)
[060231] The equation does not require weight or height variables because the results are
reported normalized to 1.73 m? body surface area, which is an accepted average adult surface
area. The equation has been validated extensively in Caucasian and African American
populations between the ages of 18 and 70 with impaired kidney function (eGFR < 60
mL/min/1.73 m?) and has shown good performance for patients with all common causes of
kidney disease.
[00232] One method for estimating the creatinine clearance rate (eCc¢y) is using the
Cockcroft-Gault equation, which in turn estimates GFR in mL/min:

Creatinine Clearance {mlL/min) = [(140-Age) x Mass(Kg)*] + 72 x Serum Creatinine(mg/dL.)

[* multiplied by 0.85 if female]
[00233] The Cockcroft-Gault equation is the equation suggested for use by the Food and
Drug Administration for renal impairment stodies. It is common for the creatinine clearance
calculated by the Cockcroft-Gault formula to be normalized for a body surface area of 1.73 m>.
Therefore, this equation can be expressed as the estimated eGFR in mL/min/1.73 m* The
normal range of GFR, adjusted for body surface area, is 100-130 mL/min/1.73m2 in men and
90-120 mL/min/1.73m2 in women younger than the age of 40.
[00234] The severity of chronic kidney disease has been defined in six stages (see also
Table 2): (Stage 0) Normal kidney function — GFR above 90 mL/min/1.73 m> and no
proteinuria; (Stage 1) — GFR above 90 mL/min/1.73 m” with evidence of kidney damage;
(Stage 2) (mild) — GFR of 60 to 8% mL/min/1.73 m? with evidence of kidney damage; (Stage 3)
(moderate) — GFR of 30 to 59 mL/min/1.73 m?; {Stage 4) (severe) — GFR of 15 to 29
mL/min/1.73 m?% (Stage 5) kidney failure - GFR less than 15 mL/min/1.73 m®. Table 2 below

shows the various kidney disease stages with corresponding GFPR levels.
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Table 2
Chronic Kidney Disease Stage | GFR level
(mL/min/1.73 m?)

Stage 1 (Normal) =90

Stage 2 (Mild) 60— 89

Stage 3 (Moderate) 3059

Stage 4 (Severe) 15 29

Stage 5 (Kidney Failure) <15
[00235] Dosing, Formulation and Administration
[00236] One or more of the dosing regimens described herein are particularly suitable

for Fabry patients who have some degree of renal impairment. Several studies have
investigated using 150 mg of migalastat hydrochloride every other day (QOD) in Fabry
patients. One study was a 24-month trial, including a 6~-month double-blind, placebo-controlled
period, in 67 ERT-naive patients. Another study was an active-controlled, 18-month trial in 57
ERT-experienced patients with a 12-month open-label extension (OLE). Both studies included
patients having an estimated glomerular filtration rate (eGFR) of >30mL/min/1.73m>
Accordingly, both studics included Fabry paticnts with normal renal function as well as
patients with mild and moderate renal impairment, but neither study included patients with
severe renal impairment.

[00237] The studies of migalastat treatment of Fabry patients established that 150 mg of
migalastat hydrochloride every other day slowed the progression of the disease as shown by
surrogate markers.

[00238] Thus, in one or more embodiments, the Fabry patient is administered migalastat
or salt thereof at a frequency of once every other day (also referred to as "QOD"). In various
embodiments, the doses described herein pertain to migalastat hydrochloride or an equivalent
dose of migalastat or a salt thereof other than the hydrochloride salt. In some embodiments,
these doses pertain to the free base of migalastat. In alternate embodiments, these doses pertain

to a salt of migalastat. In further embodiments, the salt of migalastat is migalastat
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hydrochloride. The administration of migalastat or a salt of migalastat is referred to herein as
"migalastat therapy”.

[0G239] The effective amount of migalastat or salt thereof can be in the range from about
100 mg FBE to about 150 mg FBE. Exemplary doses include about 100 mg FBE, about 105
mg FBE, about 110 mg FBE, about 115 mg FBE, about 120 mg FBE, about 123 mg FBE,
about 125 mg FBE, about 130 mg FBE, about 135 mg FBE, about 140 mg FBE, about 145 mg
FBE or about 150 mg FBE.

[00240] Again, it is noted that 150 mg of migalastat hydrochloride is equivalent to 123
mg of the free base form of migalastat. Thus, in one or more embodiments, the dose is 150 mg
of migalastat hydrochloride or an equivalent dose of migalastat or a salt thereof other than the
hydrochloride salt, administered at a frequency of once every other day. As set forth above,
this dose is referred to as 123 mg FBE of migalastat. In further embodiments, the dose is 150
mg of migalastat hydrochloride administered at a frequency of once every other day. In other
embodiments, the dose is 123 mg of the migalastat free base administered at a frequency of
once every other day.

[00241] In various embodiments, the effective amount is about 122 mg, about 128 mg,
about 134 mg, about 140 mg, about 146 mg, about 150 mg, about 152 mg, about 159 mg, about
165 mg, about 171 mg, about 177 mg or about 183 mg of migalastat hydrochloride.

[00242] Accordingly, in various embodiments, migalastat therapy includes administering
123 mg FBE at a frequency of once every other day, such as 150 mg of migalastat
hydrochloride every other day.

[00243] The administration of migalastat or salt thereof may be for a certain period of
time. In one or more embodiments, the migalastat or salt thereof is administered for a duration
of at least 28 days, such as at least 30, 60 or 90 days or at least 3, 4, 5,6,7, 8,9, 10, 11, 12, 16,
20, 24, 30 or 36 months or at least 1, 2, 3, 4 or 5 years. In various embodiments, the migalastat
therapy is long-term migalastat therapy of at least 6 months, such as at least 6, 7, 8, 9, 10, 11,
12, 16, 20, 24, 30 or 36 months or at least 1, 2, 3, 4 or 5 years.

[00244] Administration of migalastat or salt thereof according to the present invention
may be in a formulation suitable for any route of administration, but is preferably administered
in an oral dosage form such as a tablet, capsule or solution. As one example, the patient is
orally administered capsules each containing 150 mg migalastat hydrochloride or an equivalent

dose of migalastat or a salt thereof other than the hydrochloride salt.
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[00245] In some embodiments, the PC (e.g., migalastat or salt thercof) is administered
orally. In one or more embodiments, the PC (e.g., migalastat or salt thercof) is administered by
injection. The PC may be accompanied by a pharmaceutically acceptable carrier, which may
depend on the method of administration.

[246] In one or more embodiments, the PC (e.g., migalastat or salt thereof) is
administered as monotherapy, and can be in a form suitable for any route of administration,
including e.g., orally in the form tablets or capsules or liquid, or in sterile aqueous solution for
injection. In other embodiments, the PC is provided in a dry lyophilized powder to be added to
the formulation of the replacement enzyme during or immediately after reconstitution to
prevent enzyme aggregation in vitro prior to administration.

[00247] When the PC (e.g., migalastat or salt thereof) is formulated for oral
administration, the tablets or capsules can be prepared by conventional means with
pharmaceutically acceptable excipients such as binding agents (e.g., pregelatinized maize
starch, polyvinylpyrrolidone or hydroxypropyl methylcellulose); fillers (e.g., lactose,
microcrystalline cellulose or calciom hydrogen phosphate); lubricants (e.g.., magnesium
stearate, talc or silica); disintegrants (e.g., potato starch or sodium starch glycolate); or wetting
agents {e.g., sodinm lauryl sulfate). The tablets may be coated by methods well known in the
art. Liguid preparations for oral administration may take the form of, for example, solutions,
syrups or suspensions, or they may be presented as a dry product for constitution with water or
another suitable vehicle before use. Such liquid preparations may be prepared by conventional
means with pharmaceutically acceptable additives such as suspending agents (e.g., sorbitol
syrup, cellulose derivatives or hydrogenated edible fats); emulsifying agents (e.g., lecithin or
acacia); non-aqueous vehicles (e.g., almond oil, oily esters, ethyl alcohol or fractionated
vegetable oils); and preservatives (e.g., methyl or propyl-p- hydroxybenzoates or sorbic acid).
The preparations may also contain buffer salts, flavoring, coloring and sweetening agents as
appropriate. Preparations for oral administration may be suitably formulated to give controlled
release of the active chaperone compound.

[00248] The pharmaceutical formulations of the PC (e.g., migalastat or salt thereof)
suitable for parenteralfinjectable uvse generally include sterile aqueous solutions (where water
soluble), or dispersions and sterile powders for the extemporaneous preparation of sterile
injectable solutions or dispersion. In all cases, the form must be sterile and must be fluid to the

extent that easy syringability exists. It must be stable under the conditions of manufacture and
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storage and must be preserved against the contaminating action of microorganisms such as
bacteria and fungi. The carrier can be a solveat or dispersion medinm containing, for example,
water, ethanol, polyol (for example, glycerol, propylene glycol, and polyethylene glycol, and
the like), suitable mixtures thereof, and vegetable oils. The proper fluidity can be maintained,
for example, by the use of a coating such as lecithin, by the maintenance of the required
particle size in the case of dispersion and by the use of surfactants. Prevention of the action of
microorganisms can be brought about by various antibacterial and antifungal agents, for
example, parabens, chlorobutanol, phenol, benzyl alcohol, sorbic acid, and the like. In many
cases, it will be reasonable to include isotonic agents, for example, sugars or sodium chloride.
Prolonged absorption of the injectable compositions can be brought about by the use in the
compositions of agents delaying absorption, for example, aluminum monosterate and gelatin.
[00249] Sterile injectable solutions are prepared by incorporating the purified enzyme (if
any) and the PC (e.g., migalastat or salt thereof) in the required amount in the appropriate
solvent with various of the other ingredients enumerated above, as required, followed by filter
or terminal sterilization. Generally, dispersions are prepared by incorporating the wvarious
sterilized active ingredients into a sterile vehicle which contains the basic dispersion medium
and the required other ingredients from those enumerated above. In the case of sterile powders
for the preparation of sterile injectable solutions, the preferred methods of preparation are
vacuum drying and the freeze-drying technique which yield a powder of the active ingredient
plus any additional desired ingredient from previously sterile-filtered solution thereof.

[00250] The formulation can contain an excipient. Pharmaceutically acceptable
excipients which may be included in the formulation are buffers such as citrate buffer,
phosphate buffer, acetate buffer, bicarbonate buffer, amino acids, urea, alcohols, ascorbic acid,
and phospholipids; proteins, such as serum albumin, collagen, and gelatin; salts such as EDTA
or EGTA, and sodium chloride; liposomes; polyvinylpyrollidone; sugars, such as dextran,
mannitol, sorbitol, and glycerol; propylene glycol and polyethylene glycol {e.g., PEG-4000,
PEG-6000); glycerol; glycine or other amino acids; and lipids. Buffer systems for use with the
formulations include citrate; acetate; bicarbonate; and phosphate buffers. Phosphate buffer is a
preferred embodiment.

[00251] The route of administration of the chaperone compound may be oral or
parenteral, including intravenous, subcutaneous, intra-arterial, intraperitoneal, ophthalmic,

intramuscular, buccal, rectal, vaginal, intraorbital, intracerebral, intradermal, intracranial,
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infraspinal, intraventricular, intrathecal, intracisternal, intracapsular, intrapulmonary,
intranasal, transmucosal, transdermal, or via inhalation.

[0G252] Administration of the above-described parenteral formulations of the chaperone
compound may be by periodic injections of a bolus of the preparation, or may be administered
by intravenous or intraperitoneal administration from a reservoir which is external (e.g., an i.v.
bag) or intermal {e.g., a bioerodable implant).

1002531 Embodiments relating to pharmaceutical formulations and administration may be
combined with any of the other embodiments of the invention, for example embodiments
relating to methods of treating patients with Fabry disease, methods of treating ERT-naive
patients with Fabry disease, methods of reducing kidney GIL-3, methods of stabilizing renal
function, methods of reducing LVM or LVMi, methods of reducing plasma lyso-Gbs and/or
methods of treating gastrointestinal symptoms (e.g. diarrhea), methods of enhancing a-Gal A
in a patient diagnosed with or suspected of having Fabry disease, use of a pharmacological
chaperone for a-Gal A for the manufacture of a medicament for treating a patient diagnosed
with Fabry disease or to a pharmacological chaperone for g-(Gal A for use in treating a patient
diagnosed with Fabry disease as well as embodiments relating to amenable mutations, the PCs
and suitable dosages thereof.

[00254] In one or more embodiments, the PC (e.g., migalastat or salt thereof) is
administered in combination with ERT. ERT increases the amount of protein by exogenously
introducing wild-type or biologically functional enzyme by way of infusion. This therapy has
been developed for many genetic disorders, including LSDs such as Fabry disease, as
referenced above. After the infusion, the exogenous enzyme is expected to be taken up by
tissues through non-specific or receptor-specific mechanism. In general, the uptake efficiency
is not high, and the circulation time of the exogenous protein is short. In addition, the
exogenous protein is unstable and subject to rapid intracellular degradation as well as having
the potential for adverse immunological reactions with subsequent treatments. In one or more
embodiments, the chaperone is administered at the same time as replacement enzyme (e.g.,
replacement o-Gal A). In some embodiments, the chaperone is co-formulated with the
replacement enzyme (e.g., replacement c-Gal A).

[00255] In one or more embodiments, a patient is switched from ERT to migalastat

therapy. In some embodiments, a patient on ERT is identified, the patient's ERT is
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discontinued, and the patient begins receiving migalastat therapy. The migalastat therapy can

be in accordance with any of the methods described herein.

[00256] Stabilization of Renal Function

(2571 The dosing regimens described herein can stabilize renal function in Fabry
patients with varying degrees of renal impairment. In one or more embodiments, a Fabry
patient having renal impairment is administered about 100 mg to about 150 mg FBE of
migalastat or salt thereof at a frequency of once every other day. In one or more embodiments,
the patient is administered 123 mg FBE of migalastat or salt thereof, such as 123 mg of
migalastat or 150 mg of migalastat hydrochloride every other day. In one or more
embodiments, the patient has mild or moderate renal impairment. In specific embodiments, the
patient has mild renal impairment. In other specific embodiments, the patient has moderate
renal impairment. The patient may be ERT-naive or ERT-experienced.

[0G258] The administration of migalastat may be for a certain period of time. In one or
more embodiments, the migalastat is administered for at least 28 days, such as at least 30, 60 or
90 days or at least 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 16, 20 or 24 months or at least 1, 2, 3,4 or 5
years. In various embodiments, the migalastat therapy is long-term migalastat therapy of at
least &6 months, such as at least 6, 7, 8, 9, 10, 11, 12, 16, 20 or 24 months or at least 1, 2, 3, 4 or
5 years.

[00259] The migalastat therapy may reduce the decline in renal function for a Fabry
patient compared to the same patient without treatment with migalastat therapy. In one or more
embodiments, the migalastat therapy provides an annualized change in eGFRegpgpr for a
patient that is greater than (i.e. more positive than) -5.0 mL/min/1.73 m*/year, such as greater
than -4.5, -4.0, -3.5, -3.0, -2.5, -2.0, -1.5, -1.0, -0.9, -0.8, -0.7, -0.6, -0.5, -0.4, -0.3, -0.2, -0.1 or
even greater than 0 mL/min/1.73 m*/year. In one or more embodiments, the migalastat therapy
provides an annualizved change in MGFRghexst for a patient that is greater than -5.0
mlL/min/1.73 mzlyear, such as greater than -4.5, -4.0, -3.5, -3.0, -2.5, -2.0, -1.5, -1.0, -0.9, -0.8,
-0.7, -0.6, -0.5, -0.4, -0.3, -0.2, -0.1 or even greater than 0 mL/min/1.73 mzfyfzar Accordingly,
the migalastat therapy may reduce the decline or even improve the renal function of the patient.
These annualized rates of change can be measured over a specific time period, such as over 6

months, 12 months, 18 months, 24 months, 30 months, 36 months, 48 months or 60 months.
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[00260] The migalastat therapy may reduce the decline in renal function for a group of
Fabry patients, such as subpopulations of Fabry patients having varying degrees of renal
impairment. In one or more embodiments, the migalastat therapy provides a mean annualized
rate of change in eGFRexpwer in Fabry patients having mild, moderate or severe renal
impairment that is greater than -5.0 mL/min/1.73 mz!yf:mr, such as greater than -4.5, -4.0, -3.5, -
3.0,-2.5,-20,-15,-1.0, -0.9, -0.8, -0.7, -0.6, -0.5, -0.4, -0.3, -0.2, -0.1 or even greater than 0
mlL/min/1.73 mzf‘y@ar. In one or more embodiments, the migalastat therapy provides a mean
annualized rate of change in mGFR sherer in patients having mild, moderate or severe renal
impairment that is greater than -5.0 mL/min/1.73 mziyﬁar, such as greater than -4.5, -4.0, -3.5, -
3.0, -2.5, -2.0, -1.5, -1.0, -0.9, -0.8, -0.7, -0.6, -0.5, -0.4, -0.3, -0.2, -0.1 or even greater than 0
mL/min/1.73 m*/year. These mean annualized rates of change can be measured over a specific
time period, such as over 6 months, 12 months, 18 months, 24 months, 30 months, 36 months,

48 months or 60 months.

Left Ventricular Wass

[00261] The dosing regimens described herein can improve LVMi in Fabry patients. The
natural history of LVMIi and cardiac hypertrophy in untreated Fabry patients regardless of
phenotype (Patel, O'Mahony et al. 2015) is a progressive increase in LVMIi between +4.07 and
+8.0 gfmzfyﬂar (Kampmann, Linhart et al. 2008; Wyatt, Henley et al. 2012; Germain,
Weidemann er al. 2013). As untreated Fabry patients typically exhibit an increase in LVMi
over time, both decreases in and maintenance of LVMIi are indications of a benefit of
migalastat therapy.

[00262] The migalastat therapy may reduce the increase in LVMi for a Fabry patient
compared to the same patient without treatment with migalastat therapy. In one or more
embodiments, the migalastat therapy provides a change in LLVMi for a patient that is less than
(i.e., more negative than} 0 gimﬁ,, such as less than or equal to about -0.5, -1, -1.5, -2, -2.5, -3, -
3.5, -4, -4.5, -5, -5.5, -6, -7, -8, -9, -10, -11, -12, -13, -14, -15, -16, -17, -18, -19 or -20 g/m>.
Expressed differently, in one or more embodiments, the migalastat therapy provides a
reduction in LLVYMI of greater than O glmn, such as reductions of at least about 0.5, 1, 1.5, 2, 2.5,
3,3.5,4,45,5,55,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 g/m>. In one or more

embodiments, the patient has mild or moderate renal impairment. In specific embodiments, the
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patient has mild renal impairment. In other specific embodiments, the patient has moderate
renal impairment. The patient may be ERT-naive or ERT-experienced.

[00263] In one or more embodiments, the migalastat therapy provides an average
decrease of LVMIi in a group of ERT-experienced patients of at least about 1 ‘g/‘mz after 18
months of administration of migalastat or a salt thereof. In various embodiments, the average
decrease in the group of ERT-experienced patients after 18 months of administration of
migalastat or a salt thereof is at least about 1, 2, 3,4, 5,6, 7, 8, 9 or 10 g/mz.

[00264] In one or more embodiments, the migalastat therapy provides an average
decrease of LVMi in a group of ERT-experienced patients having moderate renal impairment
of at least about 1 g/m® after 18 months of administration of migalastat or a salt thereof. In
various embodiments, the average decrease in the group of ERT-experienced patients after 18
months of administration of migalastat or a salt thereof is at least about 1, 2, 3,4, 5,6,7, 8,9
or 10 g/m*.

[00265] In one or more embodiments, the migalastat therapy provides an average
decrease of LVMI in a group of ERT-naive patients of at least about 1 gi'mz after 24 months of
administration of migalastat or a salt thereof. In various embodiments, the average decrease in
the group of ERT-naive patients after 24 months of administration of migalastat or a salt
thereof is at least about 1,2, 3,4,5,6,7, 8,9 or 10 gfmz.

[00266] In one or more embodiments, the migalastat therapy provides an average
decrease of LVMi in a group of ERT-naive patients having moderate renal impairment of at
least about 1 g/m” after 24 months of administration of migalastat or a salt thereof. In various
embodiments, the average decrease in the group of ERT-naive patients after 24 months of
administration of migalastat or a salt thereof is at least about 1, 2, 3,4, 5,6, 7, 8,9 or 10 g/mz.

[00267] Reference throughout this specification to "one embodiment,” "certain

LI 1} LU 1]

embodiments,” "various embodiments,” "one or more embodiments” or "an embodiment”

means that a particular feature, structure, material, or characteristic described in connection
with the embodiment is included in at least one embodiment of the invention. Thus, the

LI Bt

appearances of the phrases such as "in one or more embodiments,” "in certain embodiments,”

"in various embodiments,” "in one embodiment” or "in an embodiment" in various places
throughout this specification are not necessarily referring to the same embodiment of the
invention. Furthermore, the particular features, structures, materials, or characteristics may be

combined in any suvitable manner in one or more embodiments.
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[00268] Although the invention herein has been described with reference to particular
embodiments, it is to be understood that these embodiments are merely illustrative of the
principles and applications of the present invention. It will be apparent to those skilled in the
art that various modifications and variations can be made to the method and apparatus of the
present invention without departing [rom (he spirit and scope of the invention. Thus, il is
intended that the preseni invention include modifications and variations that are within the
scope of the appended claims and their equivalents.

[00269] Patents, patent applications, publications, product descriptions, and protocols
are cited throughout this application.

EXAMPLES
[00270]

Impairment
[00271] A clinical trial was conducted to study the pharmacokinetics and safety of
migalastat HCI in non-Fabry subjects with renal impairment. A single 150 mg migalastat HC1

dose was administered to suobjects with mild, moderate, and severe renal impairment, and
normal renal function. The eGFR was estimated by the Cockcroft-Gault equation per the FDA
Guidance for renal impairment studies.
[00272] Volunteers were enrolled into two cohorts stratified for renal function calculated
using the Cockcroft—-Gault equation for creatinine clearance (CLcr). Subjects were assigned to
groups bascd on an cstimated CLcg at screcning as calculated using the Cockeroft-Gault
equation. For each subject, the following plasma migalastat PK parameters were determined by
noncomparimental analysis with WinNonlin® software (Pharsight Corporation, Version 5.2).
Cronax maximom observed concentration
tenax time to maximum concentration
AUCy, area under the concentration-time curve from Hour 0 to the last measurable
concentration, calculated using the linear trapezoidal rule for increasing concentrations
and the logarithmic rule for decreasing concentrations
AUCq. area under the concentration-time curve extrapolated to infinity, calculated
using the formula:
AUCO-00 = AUCO-t + Ct/ MZ
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where Ct is the last measurable concentration and AZ is the apparent terminal
elimination rate constant
Az apparent terminal elimination rate constant, where AZ is the magnitude of the

slope of the linear regression of the log concentration versus time profile during the

terminal phase
tin apparent terminal elimination half-life (whenever possible), where
tin = (In2)/ AZ
CL/F oral clearance, calculated as Dose/AUCO-c0
Vd/F oral volume of distribution, calculated as Dose/ AUCO-c0AZ
Cag concentration at 48 hours post-dose
[00273] Pharmacokinetic parameters determined were; area under the concentration—

time curve (AUC) from time zero to the last measurable concentration post-dose (AUCp) and
extrapolated to infinity (AUC¢ ), maximum observed concentration (Cpay), time t0 Crax (tmax)s
concentration at 48 hours post-dose (Cag), terminal elimination half-life (t;»), oral clearance
(CL/F), and apparent terminal elimination rate constant (Az).

[00274] Study subjects were defined as having renal impairment if creatinine clearance
(CLcr) was less than 90 mL/min (i.e. CLcr <90 mL/min) as determined using the Cockcroft-
Gault formula. Subjects were grouped according to degree of renal dyslunclion: mild (CLecr
>60 and <90 ml./min), moderate (Clcg 230 and <60 mL/min), or severe (Cleg =15 and <30
mlL/min)

[00275] The plasma and wrine pharmacokinetics of migalastat have been studied in
healthy volunteers and Fabry patients with normal to mildly impaired renal function. In the
single-dose studies, migalastat had a moderate rate of absorption reaching maximum
concentrations in approximately 3 hours (range, 1 to 6 hrs) after oral administration over the
dose range studied. Mean Cya and AUCy., values increased in a dose-proportional manner
following oral doses from 75 mg to 1250 mg migalastat. The mean elimination half-lives (tys)
ranged from 3.04 to 4.79 hours. Mean percent of the dose recovered in urine from doses
evaluated in the single ascending dose (SAD) study were 32.2%, 43.0%, 49.3%, and 48.5% for
the 25 mg, 75 mg, 225 mg, and 675 mg dose groups, respectively. In multiple ascending dose
studies, only minimal accumulation of plasma migalastat was observed. In a TQT study,
migalastat was negative for effect on cardiac repolarization at 150 mg and 1250 mg single

doses (Johnson et al., Clin Pharmacol Drug Dev. 2013 Apr;2(2):120-32).
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[00276] In this single dose renal impairment study conducted in non-Fabry subjects,
plasma concentrations of single-dose migalastat HC1 150 mg increased with increasing degrec
of renal failure compared to subjects with normal renal function. Following a single oral dose
of migalastat HCl 150 mg, mean plasma migalastat AUCh.. increased in subjects with mild,
moderate, or severe renal impairment by 1.2-fold, 1.8-fold, and 4.5-fold, respectively,
compared to healthy control subjects. Increases in plasma migalastat AUCq., values were
statistically significant in subjects with moderate or severe renal impairment but not in subjects
with mild renal impairment following single-dose administration compared to subjects with
normal renal function. Migalastat t,,,x was slightly delayed in the severe group; C,.x was not
increased across any of the groups following a single oral dose of migalastat HCl 150 mg in
subjects with varying degrees of renal impairment compared to healthy control subjects.
Plasma migalastat Caz levels were elevated in subjects with moderate (predominantly from
subjects with Cr¢y, <50ml/min) and severe renal impairment compared with healthy control
subjects. The t;» of migalastat in plasma increased as the degree of renal impairment increased
(arithmetic mean [min, max]: 6.4 [3.66, 9.47], 7.7 [3.81, 13.8]. 22.2 [6.74, 48.3], and 32.3
[24.6, 48.0] h) in subjects with normal renal function and those with mild, moderate, or severe
renal impairment, respectively. Mean CL/F decreased with increasing degree of renal failure
and ranged from 12.1 to 2.7 L/hr from mild to severe renal impairment (Johnson, et al.,
American College of Clinical Pharmacology 4.4 (2015): 256-261).

[00277] Migalastat clearance decreased with increasing renal impairment, resulting in
increases in migalastat HCI plasma tyy, AUCq ., and Cyg compared with subjects with normal
renal function. Incidence of adverse events was comparable across all renal function groups.
[00278] Following a single oral dose of 150 mg migalastat HCl plasma exposure
(expressed as AUCyy) increased as the degree of renal impairment increased. FIG. 1A shows
an increase in migalastat AUCy, values as CLcg values decrease. FIG. 1B shows the mean
(SE) plasma migalastat concentration-time profiles for each renal function group. BLQ values
were entered as zero and included in the calculation of means.

[00279 As demonstrated in FIG. 1C, as renal impairment worsens, plasma migalastat
AUC., values increase in a nonlinear manner. Results demonstrated that, as renal impairment
worsened, the clearance of plasma migalastat decreased, resulting in prolonged ty, higher Cag

values, and higher overall plasma exposure (AUCp.), in particular in subjects with severe
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renal impairment. Migalastat is primarily excreted unchanged in urine. Thus, an increase in

plasma migalastat exposure is consistent with worsening renal impairment.

[00280]

Conclusions: Plasma migalastat clearance decreased as degree of renal

impairment increased.

5 (2811 A summary of the PK results are shown in Table 3 below.
Table 3
PK Renal Function Group
Parameter Units Normal Mild Moderate Severe
(N=8) (N=8) (N=8) (N=8)
AUC,, | (ng-hr/mL) | 12306 (27.9) 14389 (31.1) | 22126(42.8) | 53070 (27.0)
AUC,, | (ng-hr/mL) | 12397 (27.7) | 14536 (30.7) | 22460 (42.2) | 56154 (24.9)
C (ng/mL.) 2100 (26.0) 2191 (28.8) 1868 (32.1) 20078 (45.5)
e (hr) 2.50 (1.50, | 2.50 (1.50,4.00) | 3.00(1.50, | 4.27 (3.00, 8.00)
3.00) 4.,00)
t, (hr) 6.42 (1.93) 7.66 (3.02) 22.2(14.2) 32.3 (7.35)
CL/F (L/hr) 12.1 (27.7) 10.3 (30.7) 6.68 (42.2) 2.67 (24.9)
Cgmg (ng/mL) 5.70(3.63) 9.34 (7.57) 64.5 (68.1) 334 (126)
10 [00282] Example 2: Multiple Dose Simulations on Renal Impairment Subjects
[00283] In the renal impairment study of Example 1, consistent increases in area under

15

20

the curve (AUC) and trough concentration of migalastat at 48 hours post-dose following QOD
dosing (Cyg) of 2- to 4-fold were observed at eGFR values < 35 ml/min relative to subjects
with normal renal function.

[00284]

ICse in Fabry patients with varying degrees of renal impairment. This example provides

A population PK model was developed to predict exposures and time above

computer simulations of dosing the renal impairment subjects of Example 1. The key
assumption was exposure characterized in non-Pabry subjects with renal impairment is the
same as in Fabry patients with renal impairment. The software program was WinNonlin
version 5.2 or higher. The conditions of the model are described below. 11 subjects who had
BSA-adjusted eGFRcockerofe-Gaut < 35 mlL/min/ 1.73m? were included in the modeling exercise;

3 had moderate renal impairment, but were > 30 mL/min/1.73m? and < 35 mL/min/1.73m> ,
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and 8 were > 14 mL/min/1.73m” and < 30 mL/min/1.73m?. Steady state was assumed by 7%
dose.

[0G285] A 2-compartment model was used to estimate Vd and elimination rate constants
from single dose data. These estimates were inputted into each moelecular dose simulation
regimen.

[00286] FIG. 2 shows the mean simulation plots for the dosing regimen of 150 mg
migalastat HC1 QOD. Table 4 below shows the exposures and accumulation ratios.

[00287] FIG. 3 shows AUC versus Cyg from Example 1. This stick plot provides a visual
correlation of AUC to Cug concentration across all levels of renal function, and demonstrates

the two values are well visually correlated.

Table 4
- ) BSA-Adj |
Subject ‘R‘“‘% Function | crp cooceroft-Gault | AUC* | R
roup (mL/min/1.73m?) 48h

1 Moderate (>30 - <35) 35.3 31920 1.12
2 Moderate (>30 - <35) 35.0 35320 1.17
3 Moderate (>30 - <35) 322 17507 1.12
4 Severe (<30) 18.4 59178 1.42
5 Severe (<30) 17.0 44124 1.21
6 Severe (<30) 20.6 37409 1.28
7 Severe (<30) 15.8 41687 1.54
8 Severe (<30) 21.9 45790 1.29
9 Severe (<30) 293 56331 1.17
10 Severe (<30) 14.4 23732 1.45
11 Severe (<30) 24.4 39012 1.26
Geometric Mean 22.9 37256 1.27
CV% 33.8 33.4 11.1

Example 3: Pharmacokinetics of Migalastat in Fabry Patients with Renal Impairment

[00288] The computer modeling above provides scenarios for plasma migalastat
exposure, but it does not account for renal impairment in Fabry patients. That is, the data does
not include the pharmacodynamic component (plasma lyso-GB3). Thus, two Fabry patients
with renal impairment were evalnated. One patient (P1) had moderate renal impairment, while
the other patient (P2) had severe renal impairment. Table 5 below shows plasma migalastat
concentration for P1 compared with a study of ERT-naive Fabry patients and moderately

impaired subjects from the renal impairment study of Example 1. There are two sets of
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migalastat concentration measurements taken 6 months apart, and the patient had been
previously treated with migalastat. Table 6 shows similar information for P2, except compared
with severely impaired patients from the renal impairment study of Example 1. The ERT-naive
study was carried out in Fabry patients with amenable mutations where population PK was
performed from sparse blood sampling. The comparison with the results from the ERT-naive
study allows for comparison of PK in the Fabry population with mostly normal, but some mild
and a few moderately impaired Fabry patients. None of the patients in the ERT-naive study had

severe renal impairment because these patients were excluded from the study.

Table 5
Comparison to
Migalastat Migalastat Comparison Example 1
Hour Conc Conc 6 months | to ERT-Naive Moderate
Nominal | Time (hr) {ng/mL.) later (ng/mlL.) Study PK Impairment
0 Pre-dose 19.9 36.4 8.70 64.5 (105.6%)
3 3 Hrs Post 1620 2160 1180 (31.0%) | 1868 (29.7%)
24 24 Hrs Post 168 211 - 239 (8B5.1%)
48 48 Hrs Post 41.8 62.4 8.70 64.5 (105.6%)
Table 6
Migalastat Comparison to Comparison to
Hour Time Concentration ERT-Naive Example 1 Severe
Nominal | Text Qccasion (ng/mL.) Study PPK Impairment
2 2h 1 564 - 1549 (59.3%)
48 48h 1 322 8.70 334 (38.2%)
24 24h 2 569 - 770 (26.5%)
48 48h 2 260 8.70 334 (38.2%)
[00289] As seen from Table 5, Css concentration, although increased by 49%, remains

similar to Example 1 non-Fabry subjects with moderate renal impairment. €., has increased
by 33%, but remains similar to Example 1. Cyy is similar to Example 1 for moderate renal
impairment. eGFRyprp remains within range for moderate impairment as well (32 mL/min).

[00290]

high, corresponding to variability in the time Oh or time 48h concentrations. This result is

The percentages in parentheses are coefficients of variation, which are relatively

likely due to the fact that half of the subjects from Example 1 with moderate renal impairment

had low concentrations and half of them high concentrations.
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[00291] The concentrations at 48 hours are higher than at O hours for P1 (third and
fourth columns), but for a person with moderate impairment from Example 1, the
concentration at 48 hours is the same as at 0 hours. This is because separate blood samples
were taken at times O and 48 in P1, However, repeat dose modeling simulation outputs from

single dose data were used in Example 1, therefore the values are one in the same,

[00292] Similar trends can be seen from Table 6. Accordingly, Tables 5 and 6 confirm
similar pharmacokinetics of migalastat in Fabry and non-Fabry patients having similar renal
impairment.

[M3293] FIG. 4 shows the Fabry patients' plasma migalastat trough concentrations {Cas)

versus the renal impairment study of Example 1. FIG. 5 shows the mean (SD) renal
impairment study exposures versus Fabry patient estimated AUCs. As seen from the figure, P1
and P2 followed the general trend of the renal impairment study results in non-Fabry patients.
[00294] Table 7 below shows the Lyso-GB3/eGFR for P1.

Visits eGFR (MDRD),
IDMS Traceable
18 Month Visit 11.1 42
24 Month Visit 13.1 37
30 Month Visit 10.8 Unavailable
34-Month Visit 9.3 32
[00295] Despite continued decline in renal function to eGFR of 32 ml/min/1.73 m2,

plasma lyso-GB3 has not shown clinically relevant changes from previous visits, and plasma
migalastat concentrations remain similar to those observed in non-Fabry patients with
moderate renal impairment,

[00296] This study demonstrates that the renal impairment and pharmacokinetic trends

in Fabry patients correlates with the trends of non-Fabry patients.

[00297] Example 4: Additional Simulations on Renal Impairment Subjects

[00298] This example provides additional computer simulations of migalastat dosing of

the renal impairment subjects of Example 1.
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[00299] FIGS. 6A-D show simulated median and observed migalastat concentration
versus time in normal, severe, mild and moderate renal impairment subjects, respectively.

Table 8 below shows the data:

Table 8
Renal Function Group Coax ™ AUCp* AUC
{CLcg range mL/min), N (ng/ml) (hre*ng/ml) Ratio tiz © (hr)
Normal (>=90), 8 2270 (37.6) | 12808 (31.3) - 6.2 (1.6)
Mild (>=60-<90), 8 2278 (22.5) | 15359 (25.2) 1.2 8.0 (2.8)
Moderate (>=30-<60), 8 2058 (47.1) | 23897 (38.9) 1.9 23.0(13.3)
Severe (<30), 4 2122(29.1) | 61208 (23.1) 4.8 325(2.4)
* Geometric mean (CV%)
“Mean {(SD)
[00300] FIGS. 7A-D show simulated Cpax, AUC, Ciyy and Cyg, respectively, for normal,
mild, moderate and severe renal impairment subjects.
[00301] FIGS. 8A-D show the steady state prediction for QOD. The dashed line is the

mean value from the QT study. FIGS. 9A-D show Cyax, AUC, Cuin and Cgg, respectively for

the same simulation.

[00302] Example 5: Clinical Results of Mi Patients with Renal

Impairment and/or Elevated Proteinuria

[0:0303] As described above, several studies were conducted using 150 mg of migalastat
hydrochloride every other day (QOD) in Fabry patients. One study was a 24-month trial,
including a 6-month double-blind, placebo-controlled period, in 67 ERT-naive patients. The
other study was an active-controlled, 18-month trial in 57 ERT-experienced patients with a 12-
month open-label extension (OLE). Both the ERT-naive and ERT-experienced studies
included Fabry patients having an eGFR of >30ml./min/1 73m>. The study designs for these
studies are shown in FIGS. 10A-B.

[00304] In the ERT-experienced study, the primary efficacy parameters were the
annualized changes (mL/min/ 1,.’?3m2iyr"} from baseline through month 18 in measured GFR

using ichexol clearance (MGFRghexo1) and eGFR using the Chronic Kidney Disease
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Epidemiology Collaboration (CKD-EPI) formula (eGFRckp.gp1). Annualized change in eGFR
vsing the Modification of Diet in Renal Disease (eGFRymrp) was also calculated.

[00305] In the ERT-naive study, the primary efficacy parameter was GL-3 inclusions per
kidney interstitial capillary. Renal function was also evaluated by mGFRichexot, €GFR ek ppr and
eGFRyprD-

[00306] A post-hoc analysis of data from the ERT-naive study examined eGFRexp.gp1
annualized rate of change in subgroups based on ¢GFR at baseline for amenable patients with
moderate renal impairment (30 to <60 mL/min/1.73 m?), mild renal impairment (60 to <90
mL/min/1.73 mz?a, and normal renal function (90 mL/min/1.73 mz)_ The annualized rate of
change of eGFRckp.gp1 from baseline to 18/24 months is shown in FIG. 11. As can be seen
from FIG. 11, patients with moderate renal impairment had a mean + SEM annualized rate of
change of eGFRckpepr of -0.7 x 3.97 ml/min/1.73 m‘z}"yﬂm‘, patients with mild renal
impairment had a mean annualized rate of change of eGFRcxp.gpr of -0.8 £ 1.01 mL/min/1.73
m?/year, and patients with normal renal function had a mean annualized rate of change of
eGFRexppm of 0.2 £ (.90 mlL/min/1.73 mzfyﬂm. This data shows a stabilization of renal
function with migalastat treatment was observed regardless of baseline eGFR.

[00307] A post-hoc analysis of data from the ERT-experienced study examined
eGFRegpppr and mGFRgpexq annualized rate of change in subgroups based on eGFR at
baseline for patients with mild/moderate renal impairment (30 to <90 mL/min/1.73 m?) and
normal renal function (>90 mL/min/1.73 m?*). The annualized rates of change from baseline to
18 months for patients on migalastat therapy (patients with amenable mutations) and ERT is
shown in FIGS. 12A-B for eGFRegppe and mGFRghex01, TESpectively. As can be seen from
FIG. 12A, patients with normal renal function had a mean annualized rate of change of
eGFRckppp; of -0.4 mL/min/1.73 ‘mzlyear on migalastat therapy and -1.03 mL/min/1.73
m?/year on ERT. Patients with mild or moderate renal impairment had a mean annualized rate
of change of eGFRekpper 0of -3.33 mL/min/1.73 mzlyear on migalastat therapy and -9.05
mlL/min/1.73 mzlyear on ERT. As can be seen from FIG. 12B, patients with normal renal
function had a mean annualized rate of change mGFRohexor Of -4.35 mL/min/1.73 mzfyﬁar on
migalastat therapy and -3.24 ml/min/1.73 mzlyear on ERT. Patients with mild or moderate
renal impairment had a mean annualized rate of change mGFRgpexet of -3.51 mL/min/1.73
mziyaar on migalastat therapy and -7.96 mL/min/1.73 mziyear on ERT. This data shows that
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migalastat therapy and ERT had comparable favorable effects on renal function using both
GFR methods.

[00308] Another post-hoc analysis of data from the ERT-experienced study examined
eGPFRekpuer annualized rate of change in subgroups based on eGFR at baseline for patients
with moderate renal impairment (30 to <60 mL/min/1.73 mﬁ‘), mild renal impairment {60 to
<00 mL/min/1.73 mg), and normal renal function 90 mL/min/1.73 mz), The annualized rates
of change from baseline to 18 months for patients on migalastat therapy (patients with
amenable mutations) and ERT is shown in FIG. 13. As can be seen from FIG. 13, patients with
normal renal function had a mean £ SE annualized rate of change of eGFRckp.gp1 of -2.0 £
0.57 mL/min/1.73 m*/year on migalastat therapy and 2.1 + 1.60 mL/min/1.73 m?/year on
ERT. Patients with mild renal impairment had a mean + SE annualized rate of change of
eGFRckpeer of -0.2 £ 1.25 mlL/min/1.73 mzf‘ycar on migalastat therapy and -7.3 % 6.01
mL/min/1.73 m?*year on ERT. Patients with moderate renal impairment had a mean + SE
annualized rate of change of eGFRckpgpr of -4.5 £ 2.68 mL/min/1.73 mzfyﬂar on migalastat
therapy and 1.3 mL/min/1.73 m?“lyear on ERT. This data shows that migalastat stabilized renal
function regardless of whether the patient had normal renal function or mild renal impairment.
Although the number of patients with moderate renal impairment included in this analysis is
two (compared to three for the ERT-naive study), the data supports the efficacy of migalastat
when administered to patients with some form of renal impairment.

[00309] A further analysis of data from these studies examined annualized change in
eGFRckpepr, LVMIi, WBC o-Gal A activity and plasma lyso-Gbs levels based on renal
function at baseline. The results for each renal subgroup are shown in Table 9 below, with the
ERT-naive study subgroups based on eGFRyprp and the ERT-experienced study subgroups

based on mGFR;ohexol-
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Table 9
Treatment Renal Change from Baseline,
Subgroup mean + SE [n]
Annualized LVMi, WBC a-Gal Plasma lyso-
Change in g/m> A Activity, Ghs,
eFR cxp.ert 4MU/hr/mg nmol/L (SD
mL/min/1.73 m? (males only) | instead of SE)
ERT-Naive
Migalastat-» | 30 to <60 +3.2+1.1 -5.5 + 10.0 +1.4 -29.0 (41.5)
Migalastat [2] [2] [1] [2]
0-24 months | >60 0.7+ 0.6 -024+58 +1.6+15 1.7 (24.5)
[20] [14] [3] [14]
Placebo—> 30 to <60 28+2.8 -21.0 % +4.0+ 3.0 —
Migalastat [2] 14.1 [2] [2]
6-24 months | >60 +0.1 + 0.7 32456 +5.2 1.4 2000 (28.7)
[17] [10] [5] [13]
ERT-Experienced
Migalastat 30 to <60 -4.2 %27 10224 +4.6 2.3 +(.5 {0.6)
0-18 months [2] [2] [2] [3]
=60 0.4 +0.8 4.8+2.73 +55+14 1.9(5.8)
[32] [24] [12] [28]
[00310] As can be seen from Table 9, in the ERT-naive study, plasma lyso-Gbs and

LVMi decreased and WBC a-Gal A activity increased with migalastat at month 24 in both
renal subgroups. Moreover, regardless of renal function, in the ERT-naive study, there was a
reduction in kidney interstitial capillary GL-3 inclusions from baseline to month 6 with
migalastat (eGFR <60 mL/min/1.73 m?, -0.39, n=3; eGFR >60 mL/min/1.73 m?, -0.30, n=22)
but not placebo (<60, 0.04, n=2; =60, 0.07, n=18). Table 9 also shows that in the ERT-
experienced study, LVMi decreased, WBC 0-Gal A activity increased, and lyso-Gbj remained
low and stable during 18 months of treatment with migalastat in both renal subgroups. Table 9
also shows that renal function was stabilized in patients with a baseline eGFR =60

mL/min/1.73 m® in both the ERT-naive and the ERT experienced study. This data further

supports the efficacy of migalastat when administered to patients with some form of renal
impairment.
[00311] In addition to the studies described above, other patients also received

migalastat therapy in other studies such as dose-finding studies and/or long-term extension
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studies. Patients that completed the some studies were eligible to continue open-label
migalastat HC1 150 mg every other day in a separate extension study.

[00312] 12 patients that completed multiple studies were further analyzed. Linear
regression was used to calculate the annualized rate of change in eGFRegoppr from baseline.,
At the time of this analysis, mean time on migalastat for these 12 patients was 8.2 (standard
deviation [SD], 0.83) years, the median time on treatment was 8.4 (range, 6.3-9.3) years, and
11 patients received migalastat HC1 150 mg QOD for >17 months. The baseline demographics

for these 12 patients is shown in Table 10 below:

JTable 10
Patient Age Sex eGFR
(vears) (mL/min/1.73 m*)
1 37 M 100.9
2 39 M 114.4
3 42 M 87.1
4 49 M 84.4
5 24 M 126.2
6 39 M 121.7
7 55 M 92.0
3 47 M 135.7
9 62 F 90.1
10 59 F 76.4
11 36 F 100.6
12 43 F 116.0
Mean (SD) 44.3 (10.7) - 103.8 (18.7)
Median (min, max) 42.5 (24, 62) -- 100.8 (76, 136)
[00313] The annualized change in eGFRekp.ppr for these patients is shown in Table 11

below:

Date Regue/Date Received 2023-12-22



56

Table 11

Patient Annualized Rate of Change in
'«‘»G‘Fﬂmmqmmu
mL/min/1.72 m* *
-0.853
0.584
-2.838
0.488
0.001
-2.179
-0.704
-1.09
-0.443
0.219
11 -0.342
12 -0.871
Mean (95% CI) -0.67 (~1.32, -0.02)

O 6| =~ v W] & W R e

g

“Includes the entire duration of migalastat treatment, including periods when patients received
various dosing regimens of migalastat and periods when patients received migalastat HCI 150

mg every other day

[0G314] As can be seen from Table 11, among these 12 patients, renal function remained
stable (annualized mean change in eGFRckp.gp1, -0.67 mL/min/1.72 m? [95% CI -1.32, -0.02D
during the entire migalastat treatment period (mean exposure, 8.2 years). Renal function also
remained stable (annualized mean change in eGFRckp-ger, 0.24 mL/min/1.72 m? [95% C1 -1.7,
2.2]) in an analysis of the 11 patients who received migalastat HCl 150 mg QOD for =17
months (mean exposure, 4-5 years). The renal outcomes for these 11 patients based on sex and

baseline proteinuria levels are shown in Table 12 below:
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Table 12
Baseline 24-hour Urine A“"“‘:‘;”zeg;;m of Change
. FR cgp-pern
Sex p”“‘g;‘;i‘:’}fm k) n mL/min/1.73 m?,
Bory Mean (95%CI)
All All 11 +0.3 [-1.7, 2.2]

Males <100 3 +0.4 [-4.1, 4.9]

Males 100-1000 4 +2.4 [-4.0, 8.8]
Females <100 2 -1.6 [-2.4, -0.9]
Fermnales 100-1000 2 -1.7 [-2.0, -1.3]
[00315] These results show stabilization of renal function was demonstrated in male and

female patients with Fabry disease and amenable mutations treated with migalastat for up to 9
years. The effects were observed over a wide baseline proteinuria range.

[00316] Another analysis was performed on patients who participated in multiple studies
for the use of migalastat. Annualized change rate in eGFRckpser and eGFRmprp were
calculated for patients based on proteinuria at baseline (<100, 100-1000, >1000 mg/24 h). A
total of 52 ERT-naive patients with amenable mutations received migalastat HC1 150 mg QOD
for >17 months were analyzed. Table 13 below shows the baseline proteinuria and duration of

migalastat treatment for these patients.

Table 13
Males Females
Baseline 24 h urine n Duration, years, n Duration, years,
protein, mg/24 h Median (min, max) Median (min, max)
<100 3 4.8 (4.8, 4.8) 9 4.2(2.0,53)
100-1000 16 4.3 (1.5,4.9) 19 3.5(1.5, 5.0
>1000 2 3.6 (3.0,4.3) 3 3.7(1.5,4.1)
[00317] As can be seen from Table 13, most patients (67%) had proteinuria levels

between 100-1000 mg/24 h at baseline; 23% of patients had baseline proteinuria levels <100
mg/24 h, and 10% had levels >1000 mg/24 h. Median treatment duration ranged from 3.5 to
4.8 years (maximum, 5.3 years) across bascline proteinuria subgroups.

[00318] The annualized mean change in eGFRckp.pp1 with migalastat treatment by

baseline proteinuria for these patients is shown in Table 14 below.
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Table 14

Males Females
Baseline 24 h n Annualized eGFRckp-pp1 n Amnupalized eGFRcgnepr
urine protein, Change Rate, mL/min/1.73 Change Rate, mL/min/1.73
mg/24 h m?, Mean (SE) m?, Mean (SE)
<100 3 0.4 (1.0) 9 ~{3,9 (0.4)
100-1000 16 0.2 (0.8) 19 0.3 {(1.0)
»>1000 2 -5.1 (0.1 3 2.2 (1.3)
[G0319] As can be seen from Table 14, eGFRegp.ppr remained stable in most patients

with baseline proteinuria <1000 mg/24 h during migalastat treatment. Declines in eGFRcgp.gp1
were observed in patients with proteinuria levels >1000 mg/24 h at baseline.

[00320]
the literature for untreated patients with Fabry disease (natural history cohort; Schiffmann R et
al. Nephrol Dial Transplant. 2009;24:2102-11) and are shown in Table 15 below:

Results for eGFRyprp were compared with changes in eGFRuprp reported in

Table 15

Males Females
Baseline 24h n Annualized ¢eGFR Rate | n Annuvalized eGFR Rate of
urine protein, of Change, mL/min/m>, Change, mL/min/m?,
mg/24 h Mean (SEM) Mean (SEM)
Migalastat cohort
<100 3 1.2 (1.2) 9 -0.9(0.5)
100-1000 16 0.9 (1.0) 19 1.3(1.5)
>1000 2 -4.3 (0.1) 3 -1.7(1.1)
Natural history cohort (Schiffmann et al. 2009)
<100 18 -1.6 (1.5) 7 (L6 (2.6)
100-1000 21 -3.3(1.8) 17 -2.2(2.2)
>1000 22 -6.9 (1.5) 5 -4.6(2.3)
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[00321] As shown in Table 15, mean annualized change in eGFR was smaller overall in
patients treated with migalastat versus that observed in the natural history cohort across
proteinuria categories. While mean eGFR declined in all untreated subgroups, increases were
seen with migalastat in patients with baseline proteinuria <100 mg/24 h (males) and 100-1000

5 mgf24 h (males and females). Regardless of treatment, eGFR decreased in patients with
baseline proteinuria >1000 mg/24 h; however, patients (realed with migalastat had smaller
decreases compared to the natural history cohort. Thus, long-term migalastat treatment was
generally associated with stable renal function in patients with Fabry disease and amenable
mutations, regardless of baseline proteinuria levels.

10 [00322] The patent and scientific literature referred to herein establishes the knowledge
that is available to those with skill in the art.

15
[00323] While this invention has been particularly shown and described with references
to preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the scope of the
invention encompassed by the appended claims.

20
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What is claimed is:

1. A molecule comprising migalastat bound to an a-galactosidase A protein comprising a
HEK assay amenable mutation selected from the group consisting of D55G, H125Y, Q157H,
L166S, N2151, K240N, G261R, L275V, N278Y, W287L, K308E and P343T.

2. The molecule of claim 1, wherein the mutation is selected from the group consisting of’

D55G, Q157H, L1668, N2151, K240N, G261R, 1275V, N278Y, K308E and P343T.

3. The molecule of claim 1, wherein the mutation is selected from the group consisting of’
Q157H, L166S and K240N.

4. The molecule of claim 1, wherein the mutation is selected from the group consisting of:

D55G, H125Y, Q157H, L166S, N2151, K240N, G261R, L275V, N278Y, W287L and K308E.

5. The molecule of claim 1, wherein the mutation is selected from the group consisting of’

D55G, H125Y, Q157H, L166S, K240N, G261R, 275V, N278Y, W287L and K308E.

6. The molecule of claim 1, wherein the mutation is selected from the group consisting of’

D55G, Q157H, L1668, N2151, K240N, G261R, 1275V, N278Y and K308E.

7. The molecule of claim 1, wherein the mutation is selected from the group consisting of

Q157H, K240N, L275V, N278Y and W287L

8. An a-galactosidase A protein having a HEK amenable mutation selected from the group
consisting D55G, H125Y, Q157H, L166S, N2151, K240N, G261R, L275V, N278Y, W287L,
K308E and P343T, wherein the protein is bound to migalastat and the protein has increased
stability as compared to a naturally-occurring a-galactosidase A protein having the same

mutation.

9. The a-galactosidase A protein of claim 8, wherein the mutation is selected from the
group consisting of: D55G, Q157H, L166S, N215I, K240N, G261R, 1275V, N278Y, K308E
and P343T.

10.  The a-galactosidase A protein of claim 8, wherein the mutation is selected from the

group consisting of: Q157H, L166S and K240N.

Date Regue/Date Received 2023-12-22



61

11.  The a-galactosidase A protein of claim 8, wherein the mutation is selected from the
group consisting of: D55G, H125Y, Q157H, L166S, N2151, K240N, G261R, L275V, N278Y,
W287L and K308E.

12.  The a-galactosidase A protein of claim 8, wherein the mutation is selected from the
group consisting of: D55G, H125Y, Q157H, L1668, K240N, G261R, L275V, N278Y, W287L
and K308E.

13.  The a-galactosidase A protein of claim 8, wherein the mutation is selected from the
group consisting of: D55G, Q157H, L166S, N215I, K240N, G261R, L275V, N278Y and
K308E.

14.  The a-galactosidase A protein of claim 8, wherein the mutation is selected from the

group consisting of Q157H, K240N, L275V, N278Y and W287L

15. A molecule comprising migalastat bound to an a-galactosidase A protein comprising a
HEK assay amenable mutation selected from the group consisting of: R4M/Y207S, A15G,
F18C, W24G, N34D, G35V, M421, E48Q, N53D, F69L, M721, G85S, G85N, G104V, L106F,
A108T, D109G, G144D, L167V, L180W, G195V, R196G, V199A, E203D, P210S, P210L,
P214S, R220P, F229L, 1242T, W245G, Q250H, p.V254del, G260E, G261S, G271S/D313Y,
D299E, S304T, D313Y/G411D, I319F, F337S, P343L, G361A, P362T, K391T, G395E and
p-T400_S401dup.

16.  The molecule of claim 15, wherein the mutation is selected from the group consisting
of: F18C, W24G, G35V, M421, N53D, F69L, M721, G104V, L106F, A108T, G144D, L167V,
L180W, G195V, R196G, V199A, P210S, P210L, P214S, R220P, F229L, 1242T, W245G,
Q250H, p.V254del, G260E, G261S, D299E, S304T, I319F, F337S, P343L, G361A, P362T and
K391T.

17.  The molecule of claim 15, wherein the mutation is selected from the group consisting
of: N53D, L180W, R196G, P210S, P210L, P214S, R220P, 1242T, Q250H, p.V254del, G260E,
G261S, D299E, S304T and P362T.

18.  The molecule of claim 15, wherein the mutation is selected from the group consisting

of: RAM/Y207S, A15G, W24G, G35V, M421, E48Q, N53D, F69L, M721, G85S, G85N,
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G104V, L106F, A108T, D109G, G144D, L167V, L180W, G195V, R196G, V199A, E203D,
P210S, P210L, P214S, R220P, F229L, 1242T, W245G, Q250H, p.V254del, G260E, G261S,
D299E, S304T, I319F, F337S, P343L, G361A, P362T, K391T, G395E and p.T400 S401dup.

19.  The molecule of claim 15, wherein the mutation is selected from the group consisting
of: RAM/Y207S, W24G, G35V, M421, E48Q, N53D, F69L, G85S, G85N, G104V, L106F,
D109G, G144D, L180W, G195V, R196G, E203D, P210S, P210L, P214S, R220P, F229L,
1242T, Q250H, p.V254del, G260E, G261S, D299E, S304T, I319F, F337S, G361A, P362T,
K391T, G395E and p.T400 S401dup.

20.  The molecule of claim 15, wherein the mutation is selected from the group consisting

of: G35V, M421, F69L and L180W.

21.  The molecule of claim 15, wherein the mutation is selected from the group consisting
of: W24G, G35V, M421, N53D, F69L, M721, G104V, L106F, A108T, G144D, L167V,
L180W, G195V, R196G, V199A, P210S, P210L, P214S, R220P, F229L, 1242T, W245G,
Q250H, p.V254del, G260E, G261S, D299E, S304T, I319F, F337S, P343L, G361A, P362T and
K391T.

22.  The molecule of claim 15, wherein the mutation is selected from the group consisting
of: W24G, G35V, M421, N53D, F69L, G104V, L106F, G144D, L180W, G195V, R196G,
P210S, P210L, P214S, R220P, F229L, 1242T, Q250H, p.V254del, G260E, G261S, D299E,
S304T, I319F, F337S, G361A, P362T and K391T.

23.  The molecule of claim 15, wherein the mutation is selected from the group consisting
of: R4M/Y207S, A15G, F18C, W24G, N34D, G35V, M421, E48Q, N53D, F69L, M721, G858,
G85N, G104V, L106F, A108T, D109G, G144D, L167V, L180W, G195V, R196G, V199A,
E203D, P210S, P210L, P214S, R220P, F229L, 1242T, W245G, Q250H, G260E, G261S,
G271S/D313Y, D299E, S304T, D313Y/G411D, I319F, F337S, P343L, G361A, P362T,K391T
and G395E.

24.  The molecule of claim 15, wherein the mutation is selected from the group consisting
of: RAM/Y207S, W24G, G35V, M421, E48Q, N53D, F69L, G85S, G85N, G104V, L106F,
D109G, G144D, L180W, G195V, R196G, E203D, P210S, P210L, P214S, R220P, F229L,
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1242T, Q250H, G260E, G261S, D299E, S304T, 1319F, F337S, G361A, P362T, K391T and
G395E.

25.  The molecule of claim 15, wherein the mutation is selected from the group consisting
of: F18C, W24G, G35V, M421, N53D, F69L, M721, G104V, L106F, A108T, G144D, L167V,
L180W, G195V, R196G, V199A, P210S, P210L, P214S, R220P, F229L, 1242T, W245G,
Q250H, G260E, G261S, D299E, S304T, 1319F, F337S, P343L, G361A, P362T and K391T.

26.  The molecule of claim 15, wherein the mutation is selected from the group consisting
of: N53D, L180W, R196G, P210S, P210L, P214S, R220P, 1242T, Q250H, G260E, G261,
D299E, S304T and P362T.

27.  The molecule of claim 15, wherein the mutation is selected from the group consisting
of: W24G, G35V, M421, N53D, F69L, G104V, L106F, G144D, L180W, G195V, R196G,
P210S, P210L, P214S, R220P, F229L., 1242T, Q250H, G260E, G261S, D299E, S304T, 1319F,
F337S, G361A, P362T and K391T.

28.  The molecule of claim 15, wherein the mutation is selected from the group consisting
of: A15G, F18C, E48Q, F69L, G104V, L106F, A108T, D109G, L167V, G195V, R196G,
P210S, P210L, F229L, W245G, D299E, F337S, P343L and K391T.

29.  An a-galactosidase A protein having a HEK amenable mutation selected from the group
consisting of: RAM/Y207S, A15G, F18C, W24G, N34D, G35V, M421, E48Q, N53D, F69L,
M721, G85S, G85N, G104V, L106F, A108T, D109G, G144D, L167V, L180W, G195V,
R196G, V199A, E203D, P210S, P210L, P214S, R220P, F229L, 1242T, W245G, Q250H,
p.V254del, G260E, G261S, G271S/D313Y, D299E, S304T, D313Y/G411D, I319F, F337S,
P343L, G361A, P362T, K391T, G395E and p.T400 S401dup,

wherein the protein is bound to migalastat and the protein has increased stability as compared

to a naturally-occurring a-galactosidase A protein having the same mutation.

30.  The a-galactosidase A protein of claim 29, wherein the mutation is selected from the
group consisting of: F18C, W24G, G35V, M421, N53D, F69L, M721, G104V, L106F, A108T,
G144D, L167V, L180W, G195V, R196G, V199A, P210S, P210L, P214S, R220P, F229L,
1242T, W245G, Q250H, p.V254del, G260E, G261S, D299E, S304T, 1319F, F337S, P343L,
G361A, P362T and K391T.
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31.  The a-galactosidase A protein of claim 29, wherein the mutation is selected from the
group consisting of: N53D, L180W, R196G, P210S, P210L, P214S, R220P, 1242T, Q250H,
p.V254del, G260E, G2618S, D299E, S304T and P362T.

32.  The a-galactosidase A protein of claim 29, wherein the mutation is selected from the
group consisting of: R4AM/Y207S, A15G, W24G, G35V, M421, E48Q, N53D, F69L, M721,
G85S, G85N, G104V, L106F, A108T, D109G, G144D, L167V, L180W, G195V, R196G,
V199A, E203D, P210S, P210L, P214S, R220P, F229L, 1242T, W245G, Q250H, p.V254del,
G260E, G261S, D299E, S304T, I319F, F337S, P343L, G361A, P362T, K391T, G395E and
p-T400_S401dup.

33.  The a-galactosidase A protein of claim 29, wherein the mutation is selected from the
group consisting of: RAM/Y207S, W24G, G35V, M421, E48Q, N53D, F69L, G85S, G85N,
G104V, L106F, D109G, G144D, L180W, G195V, R196G, E203D, P210S, P210L, P214S,
R220P, F229L, 1242T, Q250H, p.V254del, G260E, G261S, D299E, S304T, I319F, F337S,
G361A, P362T, K391T, G395E and p.T400 S401dup.

34.  The a-galactosidase A protein of claim 29, wherein the mutation is selected from the

group consisting of: G35V, M42I, F69L and L180W.

35.  The a-galactosidase A protein of claim 29, wherein the mutation is selected from the
group consisting of: W24G, G35V, M421, N53D, F69L, M72L, G104V, L106F, A108T,
G144D, L167V, L180W, G195V, R196G, V199A, P210S, P210L, P214S, R220P, F229L,
1242T, W245G, Q250H, p.V254del, G260E, G261S, D299E, S304T, 1319F, F337S, P343L,
G361A, P362T and K391T.

36.  The a-galactosidase A protein of claim 29, wherein the mutation is selected from the
group consisting of: W24G, G35V, M421, N53D, F69L, G104V, L106F, G144D, L180W,
G195V, R196G, P210S, P210L, P214S, R220P, F229L, 1242T, Q250H, p.V254del, G260E,
G261S, D299E, S304T, 1319F, F337S, G361A, P362T and K391T.

37.  The a-galactosidase A protein of claim 29, wherein the mutation is selected from the
group consisting of: RAM/Y207S, A15G, F18C, W24G, N34D, G35V, M421, E48Q, N53D,
F69L, M721, G85S, G85N, G104V, L106F, A108T, D109G, G144D, L167V, L180W, G195V,
R196G, V199A, E203D, P210S, P210L, P214S, R220P, F229L, 1242T, W245G, Q250H,
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G260E, G261S, G271S/D313Y, D299E, S304T, D313Y/G411D, 1319F, F337S, P343L,
G361A, P362T, K391T and G395E.

38.  The a-galactosidase A protein of claim 29, wherein the mutation is selected from the
group consisting of: RAM/Y207S, W24G, G35V, M421, E48Q, N53D, F69L, G85S, G85N,
G104V, L106F, D109G, G144D, L180W, G195V, R196G, E203D, P210S, P210L, P214S,
R220P, F229L, 1242T, Q250H, G260E, G261S, D299E, S304T, 1319F, F337S, G361A, P362T,
K391T and G395E.

39.  The a-galactosidase A protein of claim 29, wherein the mutation is selected from the
group consisting of: F18C, W24G, G35V, M421, N53D, F69L, M721, G104V, L106F, A108T,
G144D, L167V, L180W, G195V, R196G, V199A, P210S, P210L, P214S, R220P, F229L,
1242T, W245G, Q250H, G260E, G261S, D299E, S304T, 1319F, F337S, P343L, G361A, P362T
and K391T.

40.  The o-galactosidase A protein of claim 29, wherein the mutation is selected from the
group consisting of: N53D, L180W, R196G, P210S, P210L, P214S, R220P, 1242T, Q250H,
G260E, G261S, D299E, S304T and P362T.

41.  The o-galactosidase A protein of claim 29, wherein the mutation is selected from the
group consisting of: W24G, G35V, M421, N53D, F69L, G104V, L106F, G144D, L180W,
G195V, R196G, P210S, P210L, P214S, R220P, F229L, 1242T, Q250H, G260E, G2618,
D299E, S304T, 1319F, F337S, G361A, P362T and K391T.

42.  The o-galactosidase A protein of claim 29, wherein the mutation is selected from the
group consisting of: A15G, F18C, E48Q, F69L, G104V, L106F, A108T, D109G, L167V,
G195V, R196G, P210S, P210L, F229L, W245G, D299E, F337S, P343L and K391T.
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cecttetgtagyggeagagaggbtotacttcattactgogt et ecctyggaagaccatecay 1Y)

gactgotggetanagtggyaaccaggactettbtgtgagttaagaatttgtgtatttatat 120
gtotgttatacacattttitaaaaaactgtaacgacatcagatbgageagtogboet cogy 180
gtoggtgaattatgtgtatttitaaatittatactatattgbtatbtttoasatgtt ogaa 2417
attgaatatgtagatigttgbtatecageagadaaatasacattaticaaatactotatto 204
agtasagtaatttattgoguogectttgtcaageacycattbgoetagatgtgactetaca 267
gataaaattoactbggygoetecoettacagacaateagyecagtgyagactgagbgooty 420
aatggatagaccageactcagaccactabttttcagtatotgtitttettaactcagggce 450
gtggbtttcasacgtitttogeettacggicaccottagqyylocoongagacogygoooay 540
acagacagatatacaaaaacacatacacagtcatgagogtccaccatttcoccaccagye 500
geageacagygogyottocoggeact gagat guyguguagyagyyagagagogoaag gugy a6l
gaggggasagragagaacygasayagquggaggeggoccocgaacoccgoctotggtettoa 20
teatcaccaccoctyggabocoeagtboocacoracacaccaacctoetaacgatacogygt el
aattticctoctteottecctoasacggetatagogagacyggtagacgacgaccagadact s 244
ctibotyetcacgtaagogagtaatecacygtgagegoctacgteatytgagat chogytoac 930
gtgagcaactotogyecttaaactogggatcactaaggtgocgeacttocttotggtat gy L
aaatagggogggtoaatatcaagasaggaagaggutygattggttageggaacgtcttacy 1020
tgactgattattggtoctacctetggygataacegteccaghigecagaganacaataany 1080
teattatttastaagteatogygbgattgghcogeccotgaggtbaatcttasaagoooay 1140
gttacrcogoggaaatttatgototoocggtcacogtgacaatgragetgaggaacocagaa 1200
ctacatctgggotgogogotigegettogettectggooctegtttecotgggacatcoct 1260
gougetagageactggacaatguattggraaggacycetarcabgygoetggotgeactay 13240
gagogetteatgtgraacotigactgocaggaagagoeagattoctgeateaggtateay 1380
atattggogtactoocttocctttgottthoccatgtott gt gbagt ttggggaactgga 1440
gaghetcaacgyggaacagtigageoogagggagayetooeceaccegactetgetgotge 1500
ttttttatcoocageaaactgtoococgaatcaggactageoctasactttoetotogtgtgac 1560
ctitoectgggatygygyagtocgyecagagyecerigitiotttetetctotetotet et ot 1620
cgttotecttototttoctotbtetettctttoctetototttotetetoctocctgooogyg 1680
Lhotetttttocactgotocttgeagageaggycecaceocatagycaghgtgoccaaagt 1740
ageeotgeccggttetattocagaccctiettigtgaactiatgetettectatgecogyyty 1800
ctaacogttagancateotagggtgggtaguaggaatggggaactaagattegtgocattt 1860
tttotecttbtggagtegtguat ttectegyragtatectogagygagttagagagaccata 1920
aggtogoctgagatctectoccacctogoocat gagoghggeatcagogotggaagagttgaca 1980
tggaggaacttiatacatttacacetttgogtgagygutigaggetggattagataggtat 20410
tgaacatatctgaccctcacaatocttatctgtaaattgggattacaaccttttaattto 2100
aggygagebgacaaaaaaaatotgasaaatagiticitatetcacacaggtgagititcaay 2161
gagataacctatttasagtacatageacagegettyaccattcaactgeogottacagago 2220
aaatgttoaatgguaaaatgaabtygtaaatctacaaatotgaatgaatatgtgtattttto 2280
tggagagaggatatttacctttettcasattoteasagyggototghgatttaanaaaggt 2340
taggaatcactgatagatgtboggtaassaggtggeagtecacagtacatttetgtgtocata 2400
agbtattoctatgaatatetttatagatasagtcagyatgttgytcagacatcacagaay 24560
aaatbggeottgtaagtttecatotgaccoctgtggtacagtatgtgtgguaatitigooca 2520
tcacggatttitbtittattggtatttgeatctgattataaaactaatgeatgatecattge 2580
aaaasatogtagataasagaayaycasastgaaaatasagatt toecocoocanagitocacoa 2540
coccagaaataatcatggtitaaatgttastatacaaccttacaattgtttictatataas 2930
tgaaaacatagatttotttatttoattatittocatasgaaaatygatcatgtitatgtoa 2760
tgbttggetaatggeaagacootygeacceagtctgggoctcaaattotgockteattgtta 2820
cttagecotagtgacattgggtaaattacactittttitttttt ittt tttgasacagay 2880
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tetogetetgtogeccagyctgoagtgcagtgycacgatcbegoactcactgcaagtcoge 29410
ctectggottoacgeocattottotgeotcagectcongagtagetgggactacaggogoe 3000
tgocaccacgeotgyetettbtbtbbtttbbtt ittt ttagtacagacygygygttteac 3060
catgttageecaggatgagteteaatctectgacetegtgattegeeogeotcagoet cona 2120
aagtgetggtgtgagoracegtgeecageettact ti ittt tgagagggggelcact ALE0
ctogtcacccaggttggagtgoagtggogegatetctgetcagtgeaaactecacet ooy 2240
gotttaageagbtotectgtegtagtotocotgagtagot gyyattacaggoicaccanca 3300
cggqoeagctaatttttgtatettcagtagagacgggtttcaccatgttgoocaagotggt 3360
ctogaactootgyoctoaagtyatetgocogeotiggooteccagagtgoetggyattaca 3420
ggtgtgageccaccogeaccoggoctetitbttottttrtagtetatcataccttgeaaata 2480
cagtgyttettoctatgtygtiygttttgatatttatgtaatcagacacateagttttto 3540
tttotgatttotoacttbtggggtcatgetgagaaagtoctttoctacctgaagataatac 2600
aghatatacgtitottactagtattitigtggatititaaaatatttaaatcitiagho 3660
atctgaacttgttoettetatocagaaatgecacatttaataaat aataagtoccatggtat 3720
cagatygotgyaagyacetbebtbogaaactttgtttasttocattaatotygtgtattott 3780
attctaatgotastagtitcoccacactagettcotittatortotiebtotttvttbttttt 3540
ttttgagotggagtttogetottgttgocecaggetggagtacaatgtcacgatchoggtt 3900
caccgeaacctoengeotoocaguttcaagcaattetectguctcatectcgegagtagot 3960
ggaattacaggeatgogocaccacgoetagotattthgtatttittagtagagatggggtt 4020
tetecatgttgygteaggetggtotcaaactoccagectcaggtgatctgoctgoctogge 4080
ctoncaaaatgotgttattacaggegtgagoecaccacgoocageehitcatetitttaatga 4140
atgtacatgtatotaatcttbtaggtgaactttttotaatgtigbogccaagttoctbaaa 42010
aagroecttttggaagetggyeaggtggecacgoeigtaatococageat tttgggaytoty 42610
aggeaggtggatoactbtgaguecaggagttcaagactagootagqooaaaatgeaagacoe 4320
tghetoctactaaagatacaazaattagooggatgegatgycacatycchgtaatotcage 4380
tactogggaggetgagagtagaagaatogottgaacoygggaggoagaggttgeagtgago 4440
aagatggogoecastgcactecageatggytgacagagyggagactocatctcaasaasaaa AL00
aafadadsaqaagatasaaaggaasacetaagtactottgggetttgttaaggatottgtt 4560
aaatatacaaaggattgcagggaaaattaactiattiittaatatigaghatgettateca 4620
agagoaaaataatatttetocatttaticaaatcatitagyageatcatagitttaacat 4680
atgaggoocttgeoacgtatctitaaatttatetctaggeattttaggbtgttcagttattott 4740
ghuaatgggatebttttotocanataggattattgtigatatetgttgattatgtiaact 4500
ttgtagtttoctgactttactgaactgbottocttagatctaatactetttteaattteate 4860
atatatttcteattoctattttgtitgogytttittaggygcygggaatattaacygggataay 4921
agagacaaaagaaaatctyggaasaacaattcattttaccttacattgecttgtgattacta 4980
ceacactattactogettggaaaaaattgigaaatcoeaaggtgoctaataaatygggagy 50410
tacctaagtgttoatttaatgaattgtaatgattattggaattbotettteagtgagaay 5100
ctotbeatggagatgugoagagetoatggt ot cagaaggotggaaggatgeaggt batygag 5160
taccetotgeattgatgactgbtoggatggelcoscasagagat oagaaggoagact toay 5220
gqeagaccctcagogetttecheatgygattcgocagetagetaattatgtgagtttatag 5280
ataatgbtotoghteatteagagyactgtaageacttotgtacagaagettgtittagaaa 5340
cageoetoatggoogggegtggtggetecacgetgtaatoccaacactttygyaggeogay 5400
gogogtggat cacctgagytocaagagttcaagacecagootgyocascat gyt gaaaccoe 5460
aactotattaaaagtacaaaaaattagetgggeatggtagtgaacgeetgtaaccocage 5520
tacttggoaggetgagoeaggayaategettgaacooagyaggtggaagtt teagtgage 5580
tgagatcacgecattgoactotagectgyuraacasaagagaaactocatetcaaaaaaa 5540
aasacasggaaasaaagaaacayecctcatgacacttagaaagtagaatagctggetgtt 5700
atctgaacattgaattatasgyettateaggtyggacttigeattocatcageagacaatt 57610
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ttbttttttotnttttttgagatggagtetcatiotgt et cecaggetggagageayty 5820
gtgcgatctoggetecactgoaaycteccacetecctgggtteatgecattectoctgoctzeay 5880
coteccaagtagotyggyacecacaggeacongocaceatgencagtbaattbttbtgtattt 5940
ttagtagagacggagtticaccatgttagecaagatggtotegatetectgacctogtga &000
Leogoocacctoggoeloncasagtgelgggal tacaggoalgagocacogoge 6060
tacazatgttitagtaatagoertettgaggoccatctbtggagttotoct bt bootas 5120
ctgaactototaggaguaaaaaguaactbggttcttgacatatgtgtgratygta 6180
tataacctttagoaagetattgcaatgghactataaactagaatittagaagatagaagy 5240
aaaatattctggagatcattgaayagaaatggaghoraacactagtaaagatygatgaay 6300
acagatttttittttttgacyggagtctogetctgtogoocaggotggagtgoagtggocaca 5360
atotcagotocactgeaacoctecacctottggyttecaagtgatietoetgeetcayecto 5420
coaagtagetggoactacagyogeacaccaccacyoocyggetaatttttgtatttttagt G480
agagacaaggttteaccatabtoyenaggetgytotogaactectgacotigbaat coge 6540
cogccttgogootoccaaagtgotgggattacaggoatgagccacoacgoocoggoogat o 6600
agacagabttttaticagtactaccacagtagaggaaagayocaagtteaattocaaatac 6060
Aacadagacaggtgyagatttatagocaatgageagattgaggygot cagtggatggaat 6720
atttaagaagacatcaagugtagggagettocttgetasagettcatgtacttasacaaga 6780
agugtgyggyatgaggyaaatigatcagatatcaatggtgygcagtat tgactiagcagya Ga40
ttetbgotaagaggtecttgchagyacagacatagyaagocaaggtggaggtctagtogaa 4200
aagaagygotcatcagagaagboctaactaaagtttgyteaagaagagtoctttgtcaaggta 6960
aatobatcatttococtcaaaaggtaatiticaggatoocatcaggaagattagoatgget 1020
gutagetttotcrtecagttobtgugotatagetcacatgectagbttgaactagotecagoa T80
gaactgggggatttattctitigtottocaacaaacteatctggatgat ttLggggyttty 7140
togggasaagqoececaatacotggt gaagtaacottgtetottoooccagootggaat o 200
Ltotetetttetgotaccteacgattgtgettctacaatgytgactocttttecteootch 7260
catttcaggttcacagcaaaggactgaagetagggatttatgragatgttggaaataaaa T320
cebhgoegeaggettocchggragttitggatactacgacatigatgoeccagacctitigety 7380
actgguggagtagatctgctaaaatttgatggttgttactgtgacagtttggaaaatttgy 440
cagatggtaatgtitcaticoagagatttagocacaaagyaaagaactttgaggocatay 7500
tagrtgageoaaagaaccaatettcagaatttiasatacceigicacaatactggaaata 15614
attattcteocatgtgeocagageoteoocatetetbtototttcagtteoattaattanttaatt Fazi
aattoatgtasaatocatgeatacctasccatagetaatattygtgeacttataattcany Te80
agggetoctaagagttaattagtaattgtaactetotataacat catttaggogagtecay F140
ghigteaatogygtcacagagaaagaageatcticattectgectittcctcaatatacaca 7800
coatotoctgeactacttoctoagaacaatcoccageagtotgggaggtactttacacaatt 1860
taagcacagageaactgectgteoctgetyctagtttaaacatgaacettocaggtagee 7920
tobtottasaatatacagoooeagetgggeatgatggctoatgectgtaatcotagocact 7980
ttogguaggetgaguogggtguat tactbyagytecaggagtt ogagaccacoohgygocaac 8040
atggbygasacorcatctotagtaasantacaaaaattagetgactttggtggeacatygoe 8100
tgtaatcccagetacttgggaagot qagacagaagagtcacttgaacctggyaaacagag 8160
ghigecagtgageraagategraceactgeactecacectgyatgacagactgaacoacat 8220
Cctrasaaaattasaatagaataaaataaaataactatatatatagoecccagetagaaatt BZBO
cabtttoctttoocttattttacccattgtbttetecatacaggttataageacatgteoctty 8340
geoetgaataggactggeayaageattgtgtactectgtgagtyucctotttatatgtygy H400
coocttteaaaagotgagatagtoageocagaat ccaatagaactgtactgatagatagas 8460
ctigacaacaaagyaaaceaasgutotocticaaagtecaacgttachtactatcatcota B520
ccatcteboccaggttecaancacttoebcaccatecoocackgobgtaattatagectaay 8580
ctaccatoacotggaaagteateottgbgbctiocoetttattbcaccattcatgt ooty Bo4d

FIG. 14C
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tetatcaacagteettecaccagtatetotaaaatatetectgaatcageccacttcott 8700
cecatecttecactacatgeacootggoctitoccaagetactateggetetcaaccagactgot 8760
gogaccacckgatotetetgottovactetgtetoaaccorcatetattttoccaagrage BR20
actagagbttatcatattasastotaaatatcagiiitittittaasgaaaaaaacootga 8850
gactbaar agtiatasasaatataszatgbecateatcagttoocbgettasaacocta 8940
actoegetbccaattgoacttggaat gagaccasactgcactgatecageooottygootgoo 9000
tececasaghocaaygagteatggebottbtococtyyetacactgyitttettioctytooe 9060
tecaacactgeaagootattyotyccocraggooetttacacttgobtbttbtotgeotaga B1L20
acagbtettococaaagattbtbtasaggyecgygetecttaacattgaagt cgcayacoa 8180
aacgocacatatgoagacagtettctectaactactttaaaatagoectectgtocattca G240
ttotbeatcacattaacetgbtbaattitottetoagagotocacactatttyyaaghat 9300

ttgttgacttgttaccatgtotoocccactagagtgtaagttteatgagggoagggacctt G360
ghotgactttgactgtatetotoyeatatggtLaagtyttaaataghtattitatgyaaty S420

aatccoctattatteoooctecattatectctgoaaaatagtettitttotcaacatettaaace 9480
tgatateccacotgoectatetacaaacttittititygogacagagiot cactgtcaccca 9540
goctagagtgcagtggegocatcteggetcactgoaacctcegoctcoogggtttaagoy 5640
attoctottgectecagectoococagtagetgoggattataggogtgogetaccacatctggot 9660
aabtittgtatitttagtagagatggtitcaccatgliggocaggettgtetegaactog 920
tgacctecagatgatccacetgoctoggoetococcaaagtgctgggattacaggeatgagoo 8780
accgbgoocagoctetacaaactttttattccattaacaaactatatgotggagatttaag G840
ttttottaatacttgatggagtoctatgtaattttogagottttaattttactaagacca 9300
ttttagttctgattatagaagtasattaactttasgggattteaagttatatgogoetact G960
tetgaagraaactiottacagtgasaaticattataagogtttagacetoctiatygaga 10020
cgttcaatctgtaaactocaagagaaggetacaagtgoctoctttaaactgttttecatote 10080
acaaggatgtragtagasagtaaacagaagaghcatatogittteacageccaattata 10140
cagaaatccgacagtactgoaatcactggogasattitgotgacattgatgattocotgga 10200
aaagtatasagagtatotiggactgyacatctitiaacoagyagagaattgttgat gty 10260
ctogaccaggggottggaatgacocagatatggtaaaaacttgageoccteottgttcaag 10320

acoetgeggtaggettgtttoctatittgacattoaaggtaaatacagygtaaagtitocty 10380
ggaggaggettiatgtgagagtactiagagecaggatgotigtgyaaagtggtitctccata 19440
tgggtcatctaggtaactttaagaatgtttoctoctotottgttbgaattattteattct 10500
tttteteagttagtgattygoaactttggectoagetggaatcagecaagtaactcagaty 10560

gooctctgggetatcatgygetgoctoctttattecatgtotaatgacctoogacacat cage 10620
ccteaagocaaagetheteottcaggataaggacgtaattigecatcaatcaggaceochty 10680
ggcaageaagggtaccagettagacaggtasataagagtatatattttaagatgoottta 10740
tatacccaataccaacttigbcttgyggectaaatetattttttioccttgetottgatgt 10800
tactatcagtaataaagottottgotagaaacattactttattbocaaaataatgotaca 14860
ggatcattbttaatbtttectacaagtygottgatagttotgacattaagaatgaatyocoaa 10920
actaacagggeeacttateactagbtgetaageaaceacactitobiggitttieagyga 10980
gacaactbtgaagtgtgggascgacctotecteaggettagectgggetgtagotatgata 11040
aacegyeaggagatiggtggacetegetettataccategeagitgettcoctggytaas 11100
ggagbggoetgtaatcotygoctgettcatcacacagetoctcoctgtgaaaagaaagota 11160
gagttotatgaatgoactteaagyt taagaagt cacataaatcccacaggeactgtthty 11220
ctiteagetagaaaatacaatgeagatgteattaaaagactitactitaaaatgittatttt 11280
attgoraactactactteoctgtocacetittttotcoattcacttbtaaaageteaaggeta 11340
ggtggeteatgectgtaatoceagecacttigoyagyotgagyogayoagat cacohgagy 11400
togggactttgagacceogectggacaacatggtgaaaccecattbctaataaanatataa 11460
aaatbagccagygtatgatarogeacctgtagtoccagetactetyygugotgaggeatya 11520
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gaatcgettgaaccogggagtgyaggttgeattgagetgagatcatgocacckcactoca 11580
goectygggeaacaaagattoratctraaaassaasaaaaaagocaggeacagtguotcatyg 11640
cotggaatcocageacttttggyaagetgaggeaggeagat cactbtgaggttaggatttca 11700
agaccagooetggebaacatagtaaagoecbgtototactaaaaatacaaaasitagyocay 11780
gtatgobggegagettetgtagecccagetact caggagactyaggeaguagaatcactt 11820
gaacoogygaagtgrgagyrtgeaghgacocaagateacgecactgrattocagootggy 11580
caacagageaagact ccatctecaaaaaaaaaagttetatttecottyaataaaattttcoy 11940
aagtttaaactitaggaataaaactattaadccegtatttactoatocagatacocaced 12000
cococttgbbtgagattotectoocaattatcaaaatgtgtageatatttaactaccaagagct 12060
aazcateattaagactgaaatgbattaagaagyatgtatagyeccagygcacgytgtotecac 121240
gooctgtaatoocaacactttogguaggoeaagtogggoggat cacgaggt caggagatgga 12180
gaccateotgygocaacatgubyaaacoocotetecbactaaaaatacasaaatiagocagy 12240
caggtggcaggeacctgtaatoeoccagutact ccagaggotgaggoaggacaatcacttga 124300
acotgugaggcagaggotacagtgagetgaggltotaceaattgcact cecagochagyta 12360
Aacgageaacactocatectcaaasaaagasaaadaaaaagatgtataatttggaactgtia iz4z
agaggcattttasaga 12436

FIG. 14E
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