Lysosomal Storage Disorders
Medical Drug
Program Summary

FDA APPROVED INDICATIONS AND DOSAGE 1-11,53
Agent(s)
Indication(s)
Aldurazyme®
For adult and pediatric patients
(laronidase)
with Hurler and Hurler-Scheie
f orms of Mucopolysaccharidosis I
Injection f or
(MPS I), and f or patients with the
intravenous use
Scheie f orm who have moderate
to severe symptoms

Cerezyme®
(imiglucerase)
Injection f or
intravenous use
Elaprase®
(idursulf ase)
Injection f or
intravenous use

Elelyso®
(taliglucerase alf a)
Injection f or
intravenous use
Fabrazyme®
(agalsidase beta)
Injection f or
intravenous use
Kanuma ®
(sebelipase alf a)

Limitations of Use:
- The risks and benef its of treating
mildly af fected patients with the
Scheie f orm have not been
established.
- Aldurazyme has not been
evaluated f or effects on the
central nervous system
manif estations of the disorder.
Treatment of adults and pediatric
patients 2 years of age and older
with Type 1 Gaucher disease that
results in one or more of the
f ollowing conditions: anemia,
thrombocytopenia, bone disease,
hepatomegaly or splenomegaly
For patients with Hunter syndrome
(Mucopolysaccharidosis II, MPS
II)a
Saf ety and efficacy of Elaprase
have not been established in
pediatric patients < 16 months of
age.
For the treatment of patients 4
years and older with a conf irmed
diagnosis of Type 1 Gaucher
disease

Dosage
0.58 mg/kg once weekly as
an intravenous inf usion

Recommended dosage based
upon disease severity: 2.5
U/kg three times per week –
60 U/kg once every 2 weeks

0.5 mg/kg once weekly as
an intravenous inf usion

Recommended dosage:
60 units/kg every other
week as a 60-120 minute
intravenous inf usion

Treatment of adult and pediatric
patients 2 years of age and older
with conf irmed Fabry disease

1 mg/kg every 2 weeks as
an intravenous inf usion, at a
rate no more than 15
mg/hour

Treatment of patients with a
diagnosis of Lysosomal Acid Lipase
(LAL) def iciency

Rapidly Progressive LAL
Def iciency presenting within
the f irst 6 months of lif e: 1
mg/kg intravenous inf usion
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Agent(s)
Injection f or
intravenous use

Lumizyme®
(alglucosidase alf a)
Injection f or
intravenous use
Mepsevii®
(vestronidase alf avjbk)
Injection f or
intravenous use

Naglazyme®
(galsulf ase)
Injection f or
intravenous use
Nexviazyme™
(avalglucosidase alf angpt)
Injection f or
intravenous use
Vimizim®
(elosulf ase alf a)
Injection f or
intravenous use
Vpriv®
(velaglucerase alf a)

Indication(s)

For patients with Pompe disease
(acid α-glucosidase (GAA)
def iciency)
Pediatric and adult patients f or the
treatment of
Mucopolysaccharidosis VII (MPS
VII, Sly syndrome)
Limitations of Use:
- The ef fect of Mepsevii on the
central nervous system
manif estations of MPS VII has not
been determined.
For patients with
Mucopolysaccharidosis VI (MPS
VI; Maroteaux-Lamy syndrome)c
Treatment of patients 1 year of
age and older with late-onset
Pompe disease (lysosomal acid
alpha-glucosidase [GAA]
def iciency)
For patients with
Mucopolysaccharidosis type IVA
(MPS IVA; Morquio A syndrome)
For long-term enzyme
replacement therapy (ERT) for
patients with type 1 Gaucher
disease
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Dosage
once weekly. For those who
do not achieve an optimal
clinical response, increase to
3 mg/kg once weekly. For
patients with continued
suboptimal clinical response,
f urther increase the dosage
to 5 mg/kg once weekly.
Pediatric and Adult Patients:
1 mg/kg IV once every other
week. For patients with a
suboptimal clinical response,
increase the dosage to 3
mg/kg once every other
week.
20 mg/kg every 2 weeks as
an intravenous inf usion

4 mg/kg every 2 weeks as
an intravenous inf usion over
approximately 4 hours

1 mg/kg once weekly as an
intravenous inf usion over
approximately 4 hours
< 30 kg: 40 mg/kg (of
actual body weight) every 2
weeks
≥ 30 kg: 20 mg/kg (of
actual body weight) every 2
weeks
2 mg/kg once weekly as an
intravenous inf usion over a
minimum range of 3.5 to 4.5
hours
Recommended dosage in
patients 4 years and older: d
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Agent(s)
Injection f or
intravenous use

Indication(s)

Dosage
60 units/kg every other
week as a 60-minute
intravenous inf usion

a – Elaprase has been shown to improve walking capacity in patients 5 years and older. In patients 16 months to 5
years of age, no data are available to demonstrate improvement in disease-related symptoms or long term clinical
outcome; however, treatment with Elaprase has reduced spleen volume similarly to that of adults and children 5
years of age and older.
c – Naglazyme has been shown to improve walking and stair-climbing capacity.
d – The efficacy and safety of Vpriv has not been established in pediatric patients younger than 4 years of age.

CLINICAL RATIONALE
Inborn Errors of Metabolism
Congenital metabolic disorders result f rom the absence or abnormality of an enzyme or its
cof actor, leading to either accumulation or deficiency of a specif ic metabolite. There is a
traditional classif ication system f or inborn errors of metabolism (IEM) grouping the
disorders according to the general type of metabolism involved (e.g., amino acid disorders,
f atty acid oxidation disorders, lysosomal storage disorders, peroxisomal disorders, urea
cycle disorders). 12 The IEM grouping of lysosomal storage disorders will be f urther discussed
here.
Lysosomal Storage Disorders
Lysosomal storage disorders (LSDs) are caused by def ective lysosomal metabolism that
results in the accumulation of various macromolecules such as mucopolysaccharides,
sphingolipids, and glycoproteins. 12,13 Progressive accumulation of these materials in organs
and tissues results in distension of the cell, disruption of cellular f unction, and organ f ailure.
The majority of these disorders have substantial neurological involvement with
developmental regression, seizures, and learning dif ficulties. Most patients affected by these
disorders have a decreased lif e expectancy with considerable morbidity. 14 LSDs are believed
to have a combined prevalence of around 1 in every 5,000 births. 15 There is no cure or
def initive treatment available f or any LSD. Enzyme replacement therapy (ERT) is available
f or some LSDs and is generally considered safe.
LSDs can be subdivided according to the involved compound or pathway. Four of these
subgroups – sphingolipidoses, mucopolysaccharidoses, lysosomal acid lipase def iciency, and
glycogen storage disorder – will be discussed here.
Sphingolipidoses
Fabry Disease
Fabry disease, also called Anderson-Fabry disease, is a rare X-linked error of the
glycosphingolipid metabolic pathway caused by pathogenic mutations in the GLA
(galactosidase alpha) gene, resulting in f unctional def iciency of the enzyme alphagalactosidase A (alpha-Gal A).16 Markedly reduced, or absent, activity of alpha-Gal A results
in progressive accumulation of glycolipids, primarily globotriaosylceramide (GL-3, Gb3),
within lysosomes in multiple cell types throughout the body. 15-17 This includes those
particularly relevant to disease pathology (e.g., vascular endothelial cells, podocytes,
cardiomyocytes, arterial smooth muscle cells) and other cell types in the kidneys, nervous
system, and other organs.15,17,18 Although some GLA variants do not appear to cause
disease, more than a thousand disease-causing GLA variants have been identified. The
severity of symptoms may vary among individuals depending upon the specif ic GLA
mutation within their f amily. In general, mutations that result in little to no alpha-Gal A
activity cause the classic Fabry phenotype, and those mutations that result in residual
alpha-Gal A activity cause the atypical later-onset phenotype.15-17
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The “classic” f orm of Fabry disease is the most severe clinical phenotype and occurs
predominantly in males. These patients are characterized by absent or severely reduced
alpha-Gal A activity, with childhood or adolescent onset of symptoms including severe
neuropathic or limb pain, abdominal pain, telangiectasias and angiokeratomas, corneal
opacities, renal involvement that may progress to end-stage renal disease (ESRD), and
hearing loss, with cardiac and cerebrovascular involvement occurring by adulthood. The
spectrum of disease severity in heterozygous f emale patients ranges f rom asymptomatic to
a severe phenotype resembling the male “classic” phenotype and is, in part, dependent on
the mutation and the X chromosome inactivation (Lyonization) profile. The prevalence of
signs and symptoms at any given age is lower in f emales, though increasing age will result
in development of cardiac and cerebrovascular involvement. 15,17,18
Fabry disease should be suspected in patients with a f amily history of Fabry disease or
those who present with the clinical manif estations or laboratory abnormalities as sociated
with the disease. The diagnosis is typically conf irmed by biochemical and/or molecular
genetic testing, with the latter approach being the f inal determinant.17 An initial evaluation
includes baseline documentation of renal f unction (e.g., proteinuria, glomerular f iltration
rate [GFR]), cardiac f unction (e.g., left ventricular hypertrophy, conduction defects, mitral
and/or aortic valve abnormalities), ophthalmological signs (e.g., corneal verticillate,
subcapsular cataracts, conjunctival and/or retinal vasculopathy), peripheral nerve
symptoms (e.g., neuropathic pain, heat and/or cold intolerance, impaired sweat f unction),
and gastrointestinal involvement (e.g., nausea, vomiting, abdominal pain, diarrhea,
constipation). 15,17,18
Af ter a thorough clinical evaluation, mutational analysis of the GLA gene is the goldstandard assay to conf irm the diagnosis of Fabry disease in males and f emales. For male
patients suspected of having Fabry disease, an initial measurement of alpha-Gal A activity
(in leukocytes, plasma, f ibroblasts, or dried blood spots [DBS]) may be performed.
However, the alpha-Gal A activity assay is not def initive conf irmation of Fabry disease, since
the assay will identif y less than 50% of f emale carriers. Additionally, f or patients with
residual alpha-Gal A activity on assay (3-35%), genetic testing f or a pathogenic GLA gene
will conf irm the Fabry disease diagnosis, and establish the patient’s amenability to
treatment with chaperone therapy. 15,17
There is no cure f or Fabry disease. Intravenous enzyme replacement therapy (ERT) with
Fabrazyme (agalsidase beta), which f ocuses on replacing the missing or def icient enzyme
(alpha-Gal A), had been the only treatment f or Fabry disease. However, in August 2018 the
FDA approved migalastat, an oral capsule taken every other day, as f irst-line therapy in
patients with amenable GLA gene variants. 16,18 Migalastat is a pharmacologic chaperone that
binds to and stabilizes specif ic (amenable) mutant f orms of alpha-Gal A, thereby facilitating
proper trafficking of the enzyme to lysosomes. Once in the lysosome, migalastat dissociates
f rom alpha-Gal A allowing it to then catabolize accumulated glycolipids. 16
Patients on ERT or migalastat should have a clinical evaluation every 6-12 months. Renal
f unction, cardiac f unction, ophthalmological signs, peripheral nerve symptoms, and
gastrointestinal involvement should all be assessed to monitor disease manifestations,
disease severity, and/or side effects of therapy. 17
Gaucher Disease
Gaucher disease (GD), the most common of the lysosomal storage disorders (LSDs), is a
rare autosomal recessive metabolic disorder affecting only 1 in 40,000 in the general United
States population. 20,22 Mutations in the GBA (glucocerebrosidase) gene cause reduced
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activity of the lysosomal enzyme glucocerebrosidase (also known as acid beta -glucosidase),
resulting in the accumulation of harmful quantities of the glycolipid glucocerebroside (also
known as glucosylceramide, or GLC) and other related sphingolipids. This multisystemic
accumulation of GLC in various tissues, especially in lysosomes of macrophages,
compromises the bone marrow, spleen, and liver, and less of ten the lungs, skin, kidneys,
and heart. 19,20,22,24,51,52
GD is classif ied into 3 clinical types, distinguished by their clinical f eatures, management,
and prognosis. However, as with most genetic diseases, there is a continuum of clinical
f indings and overlap within and between types, resulting in identif ication of additional
subtypes.20,22,23,51 GD Type 1 (GD1) is distinguished f rom GD Types 2 (GD2) and 3 (GD3) by
the lack of characteristic involvement of the central nervous system (CNS). 19,20,22-24 As such,
it is also known as non-neuronopathic GD. 19,20,22 In the United States, Europe, and Israel,
90% of GD patients have GD1, with a high carrier frequency in the Ashkenazi-Jewish
population. 19,20,22-24 Age of onset f or GD1 is variable, with some patients presenting between
12 and 24 months of age and others having no clinical signs until late adulthood. 19,20,22
Manif estation in the f irst or second decades of lif e typically results in more aggressive and
severe symptoms than those manifesting at a later stage of lif e. 22 Presentation of symptoms
among patients with GD1 is variable. Splenomegaly is the most common symptom;
hepatomegaly is also common, but the liver increases relatively less than the spleen. Other
common presenting symptoms are anemia, thrombocytopenia, bone disease, and delayed
growth.19,20,22-24,52
GD2 is an acute neuronopathic f orm of GD characterized by early onset, typically in the f irst
year af ter birth. Neurologic complications are extensive and severe, with limited
psychomotor development. Death occurs within the f irst 2 years of lif e, usually due to
respiratory failure. 19,22,23 GD3 is the subacute or chronic neuronopathic form, has later onset
than GD2, and has slower disease progression with patients typically surviving to second or
third decades of lif e. The distinction between GD2 and GD3 is dif f icult.19,20
A diagnosis of GD should be considered in patients with unexplained anemia and easy
bruising, particularly if they have enlargement of the spleen and liver. 19 Def initive diagnosis
of GD can be conf irmed by the f inding of reduced glucocerebrosidase activity in leukocytes,
f ibroblasts, or other nucleated cells. 19,20,22,23,51,52 This enzyme assay test is typically known
as BGL (beta-glucosidase leukocyte), and a f inding of 15% or less of mean normal
glucocerebrosidase enzyme activity is indicative of GD. 20,23 If BGL results are not conclusive
and/or f urther confirmatory testing is desired, genetic testing is an option. Identif ication of
two pathogenic alleles in the GBA gene can also determine diagnosis of GD. 19,20,23,51 The
presence of neurologic complications has critical implications f or prognosis and treatment
and should be determined as soon as possible af ter diagnosis. Neuronopathic symptoms
indicative of GD2 and GD3 include bulbar signs (e.g., stridor, strabismus, swallowing
dif f iculty), pyramidal signs (e.g., opisthotonus, head retroflexion, spasticity, trismus),
oculomotor apraxia, tonic-clonic seizures, myoclonic epilepsy, dementia, and ataxia. If not
already performed as part of the diagnostic process, baseline measurement of hemoglobin
level, platelet count, liver volume, and spleen volume should be documented. 20,22,23,52
When possible, management of a patient with GD should occur with a multidisciplinar y team
at a Comprehensive Gaucher Treatment Center23 (list of f acilities nationwide available at
www.gaucherdisease.org). Goals of treatment are elimination or improvement of symptoms,
prevention of irreversible complications, and improvement in overall health and quality of
lif e. An additional goal in children is optimization of growth.19,21,24 Currently, two different
therapeutic approaches f or the treatment of GD1 are used: enzyme replacement therapy
(ERT) [Cerezyme (imiglucerase), Vpriv (velaglucerase alf a), Elelyso (taliglucerase alf a)] and
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substrate reduction therapy (SRT) [Cerdelga (eliglustat), Zavesca (miglustat)]. 19,21,23,24,51
ERT, intravenously administered, targets macrophages and increases the break down of
accumulated glycolipids. 24 SRT, orally administered, reduces the amount of synthesized GLC
to a level that can be ef fectively cleared by the mutated enzyme’s residual activity. 21,23,24
The decision to of f er ERT or SRT in patients with GD1 is based upon disease severity and/or
signif icant disease progression. 21,22,24,52 To begin treatment with ERT or SRT, clinically
signif icant manif estations must be present. Thrombocytopenia of sufficient magnitude to
justif y initiation of treatment is def ined by platelet counts less than 100,000 microliter, as
well as symptomatic presentation of splenomegaly, anemia, bone disease, and/or delayed
growth.19,20,22,23,24,51
Mucopolysaccharidoses
The mucopolysaccharidoses (MPS) are LSDs caused by the def iciency of enz ymes required
f or the breakdown of glycosaminoglycans (GAGs). The accumulation of GAGs in lysosomes
of various organs and tissues results in cellular dysf unction and clinical abnormalities. The
MPS are rare conditions, with an estimated total incidence of 1 in 20,000 live births, and all
are autosomal recessive disorders, with the exception of MPS II which is X-linked. Seven
dif f erent types of MPS have been identified and are dif ferentiated biochemically by their
associated enzyme deficiency.25,27 Five of the seven types – MPS I, II, IV, VI, VII – will be
discussed here.
Mucopolysaccharidosis Type I (MPS I) – Hurler, Hurler-Scheie, and Scheie Syndromes
MPS I is a rare, chronic, progressive LSD caused by a mutation in the alpha-L-iduronidase
(IDUA) gene, which regulates production of the enzyme alpha-L-iduronidase. Deficient
levels of f unctional alpha-L-iduronidase results in an inability of the lysosome to catabolize
certain GAGs – namely dermatan sulf ate and heparan sulf ate – which then progressively
accumulate in the lysosome, interfering with proper cell f unctioning and ultimately leading
to progressive damage of tissues and organs.25,27,28
Individuals with MPS I were previously classified as having either a severe f orm (Hurler
syndrome) of the disease, intermediate form (Hurler-Scheie syndrome), or mild f orm
(Scheie syndrome). Although the term Hurler syndrome is still used, the term attenuated
MPS I is now used in place of Hurler-Scheie and Scheie. 25,27,28 Hurler syndrome, the severe
f orm of MPS I, is characterized by impaired cognitive development, progressive coarsening
of f acial f eatures, hepatosplenomegaly, respiratory f ailure, cardiac valvulopathy, recurrent
otitis media, corneal clouding, musculoskeletal manifestations such as joint stif fness and
contractures, and dysostosis multiplex. The average age at death is f ive years, and nearly
all patients die bef ore 10 years.25,27 A key dif f erence between severe and attenuated
phenotypes is that attenuated patients do not show early developmental delay and do not
experience progressive decline in mental capabilities. As a group, attenuated patients show
signif icant variability in the symptoms they have and the rate of progression. Some children
are mildly af fected and have a near normal lif espan, while others develop symptoms during
childhood, usually around 6 or 7 years old, and can develop lif e-threatening complications
by their teen-aged years or during their 20s. These symptoms of the attenuated f orm are as
described above f or the severe form. The symptoms can be as signif icant as the severe
f orm, or can be milder. 27,28
A diagnosis of MPS I is based upon identif ication of characteristic symptoms, a detailed
patient and f amily history, a thorough clinical evaluation, and a variety of specialized tests.
Conf irmation of disease requires demonstration of a def iciency (less than 10% of average
ref erence values) of alpha-L-iduronidase enzyme activity in leukocytes, f ibroblasts, plasma,
or serum. Dried blood spot screening is also a valuable diagnostic method. Molecular genetic
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analysis can detect IDUA gene mutations but is available as a diagnostic service only at
specialized laboratories. Any diagnostic test should be reviewed by a professional with
experience in lysosomal diseases, since the assays are complex and the results of ten
dif f icult to interpret. 28,29
Treatment options f or MPS I include symptom-based care, hematopoietic stem cell
transplantation (HSCT), and enzyme replacement therapy (ERT) with laronidase
(Aldurazyme). 25,28-30 HSCT’s main indication is f or patients with the severe f orm of MPS I,
because – if perf ormed before two years of age – it seems to f avorably and signif icantly
alter their cognitive impairment. 25,30 ERT therapy with laronidase has demonstrated
decreased hepatomegaly, improved respiratory f unction (improvement in the predicted
normal f orced vital capacity [FVC]), improved walking ability (in the six-minute walk test
[6MWT]), increased joint range of motion, decreased lef t ventricular hypertrophy, decreased
sleep apnea and hypopnea episodes, improved growth (height and weight), and dec reased
urinary GAG excretion.25,29,30 Patients eligible f or therapy with laronidase should have a
def iciency in alpha-L-iduronidase activity, or genetic analysis confirming IDUA gene
mutation, or both. In addition, patients should have at least one of the clinical MPS I
manif estations known to respond to ERT: respiratory diseases (e.g., upper airway
obstructions such as sleep apnea/hyperpnea syndrome, recurrent inf ection, restrictive and
interstitial respiratory diseases); osteoarticular disorders which com promise mobility and
independence in activities of daily living; cardiac disorders (e.g., cardiomyopathy, cor
pulmonale, valve disease). Evidence is not available indicating or contraindicating treatment
of patients without symptoms that are detected with neonatal or f amily screening.25,29
Mucopolysaccharidosis Type II (MPS II) – Hunter Syndrome
MPS II, or Hunter syndrome, is an X-linked disorder caused by a mutation in the iduronate2-sulf atase (IDS) gene, resulting in def iciency of the lysosomal enzyme iduronate-2sulf atase. Deficient levels of this enzyme results in accumulation of GAGs such as heparan
and dermatan sulf ate.25-27
Hunter syndrome occurs as part of a wide clinical spectrum, traditionally categorized into a
severe form and a mild/attenuated f orm based on the age at onset of signs and symptoms,
the presence or absence of neurological involvement, and length of survival. The severe or
neuropathic f orm is characterized by upper respiratory tract dysfunctions, sleep apnea, joint
stif f ness, pelvic dysplasia, vertebral and rib abnormalities, dysostosis multiplex,
hepatomegaly (with or without splenomegaly), recurrent otitis media, hearing loss, dental
abnormalities, skin disorders, and ocular abnormalities. In addition, cardiologic
manif estations are common and are usually observed around 5 years of age, generally
constituting the primary cause of death. From a neurological point of view, about two thirds
of Hunter syndrome patients present with manif estations such as developmental delay
and/or neurologic regression. These f indings indicate the presence of the neuropathic f orm
of the disease. More severely affected patients may experience seizures and/or behavioral
changes, such as hyperactivity, aggressiveness, and obstinacy. The attenuated nonneuropathic f orm of Hunter syndrome is characterized by little or no central nervous system
involvement, with preserved intelligence and an extended lif e expectancy. 25-27
Conf irmation of disease occurs with biochemical and/or genetic analysis. Biochemical
conf irmation of Hunter syndrome is demonstrated by a def iciency of iduronate -2-sulfatase
enzyme activity in leukocytes, f ibroblasts, or plasma. Dry blood spot screening is also a
valuable diagnostic method. 25,27 Demonstration of normal activity of a dif ferent sulf atase
enzyme is required to rule out multiple sulf atase deficiency. Multiple sulf atase deficiency is a
rare autosomal recessive disorder caused by def iciency of all lysosomal sulf atase enzymes,
and patients present with a variable combination of f eatures of MPS II and MPS VI. 12,48,49
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Molecular genetic analysis can detect IDS gene mutations and is important f or genetic
counseling. Any diagnostic test should be reviewed by a prof essional with experience in
lysosomal diseases, since the assays are complex and the results of ten dif ficult to
interpret.25,27
The treatment of MPS II is typically recommended only with the enzyme replacement
therapy idursulfase (Elaprase). Stem cell transplantation has shown limited clinical benef it
and carries a high risk of morbidity and mortality. 25,26 ERT therapy with idursulf ase has
demonstrated decreased hepatosplenomegaly, improved respiratory f unction (improvement
in the predicted normal f orced vital capacity [FVC]), improved walking ability (in the sixminute walk test [6MWT]), increased joint range of motion, improved cardiac outcomes,
improved growth (height and weight), and decreased urinary GAG excretion.25,26,31
Guidelines in the past have indicated ERT only f or those with symptomatic involvement and
without severe cognitive impairment. 25 However, updated guidelines recommend that ERT
should be initiated as early as possible f or all patients with a biochemically confirmed
diagnosis of MPS II, regardless of overt symptomatic involvement. 26,31 The benefit of early
intervention with ERT is supported by data f rom recent studies.31 Guidelines agree that the
benef its of idursulfase are questionable in patients with severe impairment of cognitive
f unction, since the treatment does not cross the blood-brain barrier.25,26,31 However,
European and Latin American guidelines agree that the decision to initiate treatment in this
population should be at the clinician’s discretion in discussion with the child’s parents. An
expert panel consensus noted that all symptomatic patients in whom there is an expectation
that ERT will alter the course of the somatic involvement are candidates f or a trial (12-18
months) of ERT, even if cognitive impairment is already evident. Continuation of therapy
requires clinical improvement or stabilization of patient’s condition. 26,31
Mucopolysaccharidosis Type IV (MPS IV) – Morquio Syndrome
MPS IV, also known as Morquio syndrome, exists in two f orms: IVA and IVB, the f ormer of
which will be f urther discussed here. Morquio A syndrome is caused by a mutation in the
galactosamine (N-acetyl)-6-sulfatase (GALNS) gene, resulting in a def iciency of the enzyme
N-acetylgalactosamine-6-sulfatase. Deficient levels of this enzyme results in accumulation
of the GAGs keratan sulf ate and chondroitin-6-sulfatase in cell lysosomes which leads to
tissues and organ dysf unction. 32,45
Morquio A syndrome is a chronic progressive disease with multisystem involvement. The
specif ic disease manifestations depend grossly on the residual N-acetylgalactosamine-6sulf atase activity and the accumulation rate and location of storage material in tissues.
Inf ants usually appear normal at birth, but progressively develop profound skeletal and joint
abnormalities (generally more extensive and severe than other MPS disorders), and an
array of non-skeletal manifestations including respiratory disease, cardiac disease, impaired
vision, hearing loss, dental problems, and to a lesser extent hepatomegaly. Morquio A can
be distinguished f rom other types of MPS disorders by the presence of short-trunk dwarfism
with short neck, hypermobility of joints, and lack of cognitive impairment. 32,45
Diagnosis is conf irmed by deficiency of N-acetylgalactosamine-6-sulfatase activity in
leukocytes or f ibroblasts. Molecular genetic analysis can detect GALNS gene mutations and
is a f urther confirmation of the diagnosis. 32,45
Elosulf ase alfa (Vimizim) is currently the only FDA approved agent to treat Morquio A
syndrome. Historically only palliative care was available, since experience with stem cell
transplantation is limited and lacks ef ficacy. International guidelines indicate that treatment
with elosulf ase alf a should be implemented as soon as the diagnosis of Morquio A syndrome
has been conf irmed, to replace the def icient N-acetylgalactosamine-6-sulfatase enzyme and
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to help prevent irreversible damage. Studies have demonstrated improvements in the six minute walk test (6MWT) and f orced vital capacity (FVC).32,45
Mucopolysaccharidosis Type VI (MPS VI) – Maroteaux-Lamy Syndrome
MPS VI, also known as Maroteaux-Lamy syndrome, is caused by a mutation in the
arylsulf atase B (ARSB) gene, resulting in the def iciency of lysosomal enzyme Nacetylgalactosamine-4-sulfatase (arylsulfatase B). Deficient levels of this enzyme result in
the accumulation of dermatan sulf ate which causes apoptosis of chondrocytes and ensuing
progressive arthropathy. 33
Severely affected children present at ages one to six years with coarse f acial f eatures,
severe skeletal disease, joint abnormalities, respiratory disease, and cardiac abnormalities.
Obstructive sleep apnea, pulmonary hypertension, and corneal clouding can occur.
Intelligence is usually normal, although vision and hearing disorders can lead to
developmental delay. 25,27,33
Diagnosis is conf irmed by reduced arylsulfatase B enzyme activity (less than 10% of the
lower limit of normal) in cultured f ibroblasts or isolated leukocytes. 33 Demonstration of
normal activity of a dif f erent sulfatase enzyme is required to rule out multiple sulf atase
def iciency. Multiple sulf atase deficiency is a rare autosomal recessive disorder caused by
def iciency of all lysosomal sulf atase enzymes, and patients present with a variable
combination of f eatures of MPS II and MPS VI. 12,50 Molecular genetic analysis can f urther
conf irm the diagnosis through detection of ARSB gene mutations but is available only at
specialized laboratories.33,34
Historically, supportive therapies and stem cell transplant were the only therapies available
f or MPS VI patients. Enzyme replacement therapy with galsulf ase (Naglazyme) is
recommended for all patients with a conf irmed diagnosis, and has demonstrated improved
endurance (as measured by six-minute walk test [6MWT], and stair-climbing), respiratory
f unction improvements (increase in f orced vital capacity [FVC]), and reduction in urinary
GAG levels. Results show that, when initiated early, galsulf ase improves growth velocity and
prevents progression of cardiac abnormalities. Findings also suggest a trend f or
improvement in bone disease, spleen and liver size, f acial dysmorphia, and joint mobility.
Continuation of therapy requires clinical improvement or stabilization of patient’s
condition.25,33
Mucopolysaccharidosis Type VII (MPS VII) – Sly Syndrome
MPS VII, also known as Sly syndrome, is caused by mutations in the gene encoding beta glucuronidase (GUSB). The enzyme deficiency results in accumulation of the GAGs heparan
sulf ate, dermatan sulfate, chondroitin-4-sulfate, and chrondroitin-6-sulfate.27,35,36
Clinical f eatures and complications are variable, but all have short stature due to growth
retardation and skeletal abnormalities, dysostosis multiplex, and some degree of intellectual
disability. Hydrops f etalis is a common presentation and may account f or a large proportion
of patients not being diagnosed due to death bef ore a diagnosis can be made. Other
manif estations include hepatosplenomegaly, macrocephaly, and respiratory dysfunction. 35,36
Diagnosis is supported by X-ray evidence of dysostosis multiplex and increased levels of
urinary GAGs. Diagnosis is conf irmed by demonstration of beta-glucuronidase deficiency in
cultured leukocytes and f ibroblasts. 36,37 Molecular genetic analysis f or mutations in the
GUSB gene is also available. 35 Prenatal diagnosis is possible through amniocentesis or
chorionic villus sampling, by molecular analysis or measurement of enzyme activity in
trophoblasts or amniocytes.35,37
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In 2017 an enzyme replacement therapy (ERT), vestronidase alf a-vjbk (Mepsevii) was
approved to treat pediatric and adult patients with MPS VII. There are currently no global
treatment guidelines available f or MPS VII; however it is argued that ERT should be initiated
as early as possible f ollowing diagnosis, including bef ore the onset of clinical disease, in
order to obtain better long-term treatment outcomes.36 Clinical studies demonstrate
benef its such as decreased hepatosplenomegaly, improved respiratory function (f orced vital
capacity [FVC]), and improved walking ability (e.g., six-minute walk test [6MWT]).8 Other
treatments of MPS VII are symptomatic and supportive. Bone def ormities, hernias, ocular
abnormalities, and cardiovascular abnormalities may require surgical correction. 36
Lysosomal Acid Lipase Deficiency (LAL-D)
LAL-D is a progressive and rare lysosomal storage disorder caused by mutations in the LIPA
gene, causing def iciency of the enzyme lysosomal acid lipase (LAL). This enzyme plays a
critical role in the degradation of triglycerides and cholesteryl esters. Deficiency of LAL
enzyme subsequently causes cholesterol esters and triglycerides to accumulate in the
lysosomes, leading to increased levels of plasma cholesterol. 38-40
The phenotypic spectrum ranges f rom the inf antile-onset f orm referred to as Wolman
disease, to a later-onset f orm known as cholesteryl ester storage disease (CESD). 38,40
Wolman disease usually leads to death bef ore 6 months of age, and is characterized by poor
growth, diarrhea, anemia, massive hepatosplenomegaly, and rapidly progressive liver
dysf unction. The less-severe CESD presents later in lif e with such f indings as elevated liver
f unction tests, dyslipidemia, hepatosplenomegaly, and/or gastrointestinal symptoms. 38-40
The manif estations of LAL-D, especially CESD, can mimic and be mistaken f or other
cardiovascular and liver diseases (e.g., f amilial hypercholesterolemia, non-alcoholic
steatohepatitis). 38
Diagnosis is conf irmed with genetic testing f or biallelic pathogenic variants in the LIPA gene,
or demonstration of deficient LAL enzyme activity (less than or equal to 11% of mean
normal) in leukocytes, f ibroblasts, or dried blood spots. 38
Prior to the availability of sebelipase alf a (Kanuma), treatment was limited to controlling
cholesterol levels and preventing atherosclerotic events with HMG-CoA reductase inhibitors,
and blood transf usions and/or liver transplantation.38-40 HMG-CoA reductase inhibitors
(statins) are of ten attempted as a way to correct high low-density lipoprotein cholesterol
(LDL-C) levels, but therapeutic response is f requently insufficient, requiring high doses of
statins, or combinations with other lipid-lowering medications. In addition, statin therapy
has not unif ormly been shown to have a benef icial effect on hepatic steatosis or serum
transaminase concentrations, thus liver disease will progress in LAL-D patients treated only
with statins. 40,41 Given the historical morbidity and mortality of LAL-D, treatment with
enzyme replacement therapy sebelipase alfa should be initiated as soon as the diagnosis of
LAL-D is established. Sebelipase alf a has demonstrated increased growth (weight and
height), decreases in ALT, AST, and total bilirubin, decreases in serum triglycerides and
LDL-C levels, an increase in high-density lipoprotein cholesterol (HDL-C), and overall
prolonged survival. 6,38-41
Pompe Disease
Pompe disease, also known as acid maltase deficiency (AMD) or glycogen storage disease
type II (GSDII), is an autosomal recessive disorder caused by mutations in the GAA gene
f or enzyme acid alpha-glucosidase glycogen. 42,43 Deficiency of lysosomal enzyme acid alphaglucosidase glycogen leads to accumulation of glycogen in lysosomes and cytoplasm,
resulting in tissue destruction. 43
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Inf antile-onset Pompe disease (IOPD) is characterized by cardiomyopathy, severe
generalized hypotonia, respiratory distress typically requiring ventilator support, and f ailure
to thrive. Most patients with this f orm die within the f irst year or two of lif e without
treatment. The juvenile-adult f orm (late onset Pompe disease [LOPD]) is characterized by
skeletal myopathy, delayed gross-motor development, and respiratory insufficiency and/or
f ailure.42,43
Diagnosis can be conf irmed by demonstration of reduced acid alpha-glucosidase glycogen
enzyme activity in dried blood spots or leukocytes (skin f ibroblasts or skeletal muscle tissue
are also options). GAA gene mutational analysis is the pref erred test to conf irm the
diagnosis (with two pathogenic alleles), since it is routinely available, less invasive, and may
help predict cross-reactive immunologic material (CRIM) status.42-44 Prenatal diagnosis is
possible by DNA analysis of cultured amniocytes or chorionic villus samples, if the mutation
in the f amily is known. 43,44
The advent of enzyme replacement therapy (ERT) with alglucosidase alf a (Lumizyme) has
improved clinical outcomes and survival f or both IOPD and LOPD. For patients with IOPD,
clinical studies have demonstrated improvements in survival, decreased need for ventilatory
support, and improvements in cardiac and skeletal muscle function. For patients with LOPD,
demonstrated improvements have occurred with walking distance, pulmonary function
(f orced vital capacity [FVC]), and survival. 7,43,44 Guidelines note that a trial of ERT may be
considered in patients who receive invasive ventilation support, if there are predefined
outcomes which can be evaluated and which, if achieved, would improve the f unctional
status of the patient. Af ter one year, decisions regarding the continuation of ERT in patients
receiving invasive ventilation support should be made on a case-by-case basis.46,47
Treatment outcomes in IOPD (not LOPD) are af fected by cross-reactive immunologic
material (CRIM) status. CRIM status, as determined by mutational analysis, determines
whether a patient completely lacks endogenous acid alpha-glucosidase glycogen enzyme
(CRIM-negative) or has some residual enzyme activity (CRIM-positive). Patients with CRIMnegative status (approximately 20% of IOPD patients) develop high levels of IgG antibodies
to exogenous enzyme, thus rendering ERT ineffective. CRIM-negative status was also
associated with regression in motor milestones, clinical decline, and eventual invasive
ventilation and death. Immunomodulation protocols that prevent or eliminate immune
responses may allow CRIM-negative patients to reap the benefits of ERT. This has
successfully been achieved, demonstrating encouraging results, with regimens of rituximab,
methotrexate, and/or intravenous immunoglobulin (IVIG). 42-44,47
Nexviazyme (avalglucosidase alf a-ngpt) is a new drug approved August 2021 f or LOPD in
patients age 1 or over. Clinical studies have demonstrated improvements in pulmonary
f unction (FVC) and walking distance.53
Safety 1-11,53
There are no FDA labeled contraindications for the target agents.
Aldurazyme has the f ollowing boxed warnings:
• Lif e-threatening anaphylactic reactions have been observed in some patients during
inf usions
• Appropriate medical support should be readily available when Aldurazyme is
administered
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•

Patients with compromised respiratory f unction or acute respiratory disease may be
at risk of serious acute exacerbation of their respiratory compromise due to inf usion
reactions and require additional monitoring

Elaprase has the f ollowing boxed warning:
• Lif e-threatening anaphylactic reactions have occurred in some patients during and up
to 24 hours af ter inf usions. Anaphylaxis, presenting as respiratory distress, hypoxia,
hypotension, urticaria and/or angioedema of throat or tongue have been reported to
occur during and af ter inf usions, regardless of duration of the course of treatment.
Closely observe patients during and af ter administration and be prepared to manage
anaphylaxis. Inf orm patients of the signs and symptoms of anaphylaxis and have
them seek immediate medical care should symptoms occur. Patients with
compromised respiratory f unction or acute respiratory disease may be at risk of
serious acute exacerbation of their respiratory compromise due to hypersensitivity
reactions, and require additional monitoring.
Lumizyme has the f ollowing boxed warnings:
• Lif e-threatening anaphylactic reactions and severe hypersensitivity reactions have
occurred in some patients during and af ter alglucosidase alf a inf usions. Immunemediated reactions presenting as proteinuria, nephrotic syndrome, and necrotizing
skin lesions have occurred in some patients f ollowing alglucosidase alfa treatment.
Closely observe patients during and af ter alglucosidase alf a administration and be
prepared to manage anaphylaxis and hypersensitivity reactions. Inf orm patients of
the signs and symptoms of anaphylaxis, hypersensitivity reactions, and immune mediated reactions and have them seek immediate medical care should signs and
symptoms occur.
• Inf antile-onset Pompe disease patients with compromised cardiac or respiratory
f unction may be at risk of serious acute exacerbation of their cardiac or respiratory
compromise due to f luid overload, and require additional monitoring.
Mepsevii has the f ollowing boxed warnings:
• Anaphylaxis has occurred with Mepsevii administration, as early as the f irst dose,
therefore appropriate medical support should be readily available when administered.
• Closely observe patients during and f or 60 minutes af ter inf usion.
• Immediately discontinue the inf usion if the patient experiences anaphylaxis.
Nexviazyme has the f ollowing boxed warnings:
• Hypersensitivity reactions including anaphylaxis: Patients treated with Nexviazyme
have experienced lif e-threatening hypersensitivity reactions, including anaphylaxis.
Appropriate medical support measures, including cardiopulmonary resuscitation
equipment, should be readily available during Nexviazyme administration. If a severe
hypersensitivity reaction (e.g., anaphylaxis) occurs Nexviazyme should be
discontinued immediately and appropriate medical treatment should be initiated. In
patients with severe hypersensitivity reaction a desensitization procedure may be
considered.
• Inf usion-associated reactions (IARs): Patients treated with Nexviazyme have
experienced severe IARs. If severe IARs occur, consider immediate discontinuation of
Nexviazyme, initiation of appropriate medical treatment, and the benef its and risks
of readministering Nexviazyme. Patients with an acute underlying illness at the time
of Nexviazyme inf usion may be at greater risk f or IARs. Patients with advanced
Pompe disease may have compromised cardiac and respiratory f unction, which may
predispose them to a higher risk of severe complications from IARs.
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•

Risk of acute cardiorespiratory f ailure in susceptible patients: Patients susceptible to
f luid volume overload, or those with acute underlying respiratory illness or
compromised cardiac or respiratory function for whom fluid restriction is indicated
may be at risk of serious exacerbation of their cardiac or respiratory status during
Nexviazyme inf usion. More f requent monitoring of vitals should be perf ormed during
Nexviazyme inf usion in such patients.

Vimizim has the f ollowing boxed warning:
• Lif e-threatening anaphylactic reactions have occurred in some patients during
Vimizim inf usions. Anaphylaxis, presenting as cough, erythema, throat tightness,
urticaria, f lushing, cyanosis, hypotension, rash, dyspnea, chest discomfort, and
gastrointestinal symptoms in conjunction with urticaria, have been reported to occur
during inf usions, regardless of duration of the course of treatment. Closely observe
patients during and af ter Vimizim administration and be prepared to manage
anaphylaxis. Inf orm patients of the signs and symptoms of anaphylaxis and have
them seek immediate medical care should symptoms occur. Patients with acute
respiratory illness may be at risk of serious acute exacerbation of their respiratory
compromise due to hypersensitivity reactions, and require additional monitoring.
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Lysosomal Storage Disorders Medical Drug Criteria – through
Preferred
TARGET AGENT(S)
Aldurazyme® (laronidase)
Cerezyme® (imiglucerase)
Elaprase® (idursulfase)
Elelyso® (taliglucerase alfa)
Fabrazyme® (agalsidase beta)
Kanuma® (sebelipase alf a)
Lumizyme® (alglucosidase alfa)
Mepsevii® (vestronidase alf a-vjbk)
Naglazyme® (galsulfase)
Nexviazyme™ (avalglucosidase alf a-ngpt)
Vimizim® (elosulf ase alf a)
Vpriv® (velaglucerase alf a)
Brand (generic)
GPI
Aldurazyme (laronidase)
2.9 mg / 5 mL injection 30906550002020
Cerezyme (imiglucerase)
400 unit injection
82700050002120
Elaprase (idursulfase)
6 mg / 3 mL injection
30906850002020
Elelyso (taliglucerase alfa)
200 unit injection
82700080102120
Fabrazyme (agalsidase beta)
5 mg injection
30903610102110
35 mg injection
30903610102120
Kanuma (sebelipase alfa)
20 mg / 10 mL injection 30906360002020
Lumizyme (alglucosidase alfa)
50 mg injection
30907715002120
Mepsevii (vestronidase alfa-vjbk)
10 mg / 5 mL injection
30907680202020
Naglazyme (galsulfase)
1 mg / 1 mL injection
30907535002020
Nexviazyme (avalglucosidase alfa-ngpt)
100 mg single-dose vial 30907722552120
Vimizim (elosulfase alfa)
5 mg / 5 mL injection
30907030052020
Vpriv (velaglucerase alfa)
400 unit injection
82700085102120

HCPCS Code

Multisource Code

J1931

M, N, O, or Y

J1786

M, N, O, or Y

J1743

M, N, O, or Y

J3060

M, N, O, or Y

J0180
J0180

M, N, O, or Y
M, N, O, or Y

J2840

M, N, O, or Y

J0221

M, N, O, or Y

J3397

M, N, O, or Y

J1458

M, N, O, or Y

TBD

M, N, O, or Y

J1322

M, N, O, or Y

J3385

M, N, O, or Y

Fabry Disease
Initial Evaluation
Fabrazyme will be approved when ALL of the f ollowing are met:
1. ONE of the f ollowing:
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2.

3.

4.

5.
6.
7.

A. Inf ormation has been provided that indicates the patient has been treated
with the requested agent within the past 90 days
OR
B. The prescriber states the patient has been treated with the requested agent
within the past 90 days AND is at risk if therapy is changed
OR
C. The patient has a diagnosis of Fabry disease confirmed by at least ONE of the
f ollowing:
i. The patient is male and has a def iciency of alpha-galactosidase A
(alpha-Gal A) enzyme activity in leukocytes, f ibroblasts, plasma, or
dried blood spots
OR
ii. Genetic analysis conf irms a mutation in the galactosidase alpha (GLA)
gene
AND
ONE of the f ollowing:
A. The patient’s age is within FDA labeling f or the requested indication f or the
requested agent
OR
B. The prescriber has provided inf ormation in support of using the requested
agent f or the patient’s age f or the requested indication
AND
The prescriber has assessed current status of ALL of the f ollowing: renal f unction
(e.g., proteinuria, glomerular f iltration rate [GFR]), cardiac f unction (e.g., left
ventricular hypertrophy, conduction defects, mitral and/or aortic valve
abnormalities), ophthalmological signs (e.g., corneal verticillate, subcapsular
cataracts, conjunctival and/or retinal vasculopathy), peripheral nerve symptoms
(e.g., neuropathic pain, heat and/or cold intolerance, impaired sweat function), and
gastrointestinal involvement (e.g., nausea, vomiting, abdominal pain, diarrhea,
constipation)
AND
The prescriber is a specialist in the area of the patient’s diagnosis (e.g.,
endocrinologist, geneticist) or the prescriber has consulted with a specialist in the
area of the patient’s diagnosis
AND
The patient will NOT be using the requested agent in combination with another
Fabry disease agent (e.g., Galafold)
AND
The patient does NOT have any FDA labeled contraindications to the requested
agent
AND
The requested quantity (dose) is within FDA labeled dosing f or the requested
indication

Length of Approval: 12 months
Renewal Evaluation
Fabrazyme will be approved when ALL of the f ollowing are met:
1. The patient has been previously approved f or the requested agent through the
plan’s Medical Drug Review process
AND
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2. The patient has had clinical benef it with the requested agent as indicated by
improvement or stabilization of at least ONE of the f ollowing:
A. Renal f unction (e.g., proteinuria, glomerular f iltration rate [GFR])
OR
B. Cardiac f unction (e.g., left ventricular hypertrophy, conduction defects, mitral
and/or aortic valve abnormalities)
OR
C. Ophthalmological signs (e.g., corneal verticillate, subcapsular cataracts,
conjunctival and/or retinal vasculopathy)
OR
D. Peripheral nerve symptoms (e.g., neuropathic pain, heat and/or cold
intolerance, impaired sweat f unction)
OR
E. Gastrointestinal symptoms (e.g., nausea, vomiting, abdominal pain, diarrhea,
constipation)
AND
3. The prescriber is a specialist in the area of the patient’s diagnosis (e.g.,
endocrinologist, geneticist) or the prescriber has consulted with a specialist in the
area of the patient’s diagnosis
AND
4. The patient will NOT be using the requested agent in combination with another
Fabry disease agent (e.g., Galafold)
AND
5. The patient does NOT have any FDA labeled contraindications to the requested
agent
AND
6. The requested quantity (dose) is within FDA labeled dosing f or the requested
indication
Length of Approval: 12 months
Gaucher Disease
Initial Evaluation
Cerezyme, Elelyso, and Vpriv will be approved when ALL of the f ollowing are met:
1. ONE of the f ollowing:
A. BOTH of the f ollowing:
i. ONE of the f ollowing:
1. Inf ormation has been provided that indicates the patient has
been treated with the requested agent within the past 90 days
OR
2. The prescriber states the patient has been treated with the
requested agent within the past 90 days AND is at risk if
therapy is changed
AND
ii. The prescriber has assessed current status of the f ollowing:
hemoglobin level, platelet count, liver and spleen volumes, evidence
of bone disease, growth velocity
OR
B. The patient has a diagnosis of Gaucher disease type 1 (GD1) and ALL of the
f ollowing:
i. The patient does NOT have any neuronopathic symptoms indicative of
Gaucher disease type 2 or type 3 [e.g., bulbar signs (e.g., stridor,
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strabismus, swallowing dif ficulty), pyramidal signs (e.g.,
opisthotonos, head retroflexion, spasticity, trismus), oculomotor
apraxia, tonic-clonic seizures, myoclonic epilepsy, dementia, ataxia]
AND
ii. Diagnosis has been conf irmed by at least ONE of the f ollowing:
1. The patient has baseline (prior to therapy f or the requested
indication) glucocerebrosidase enzyme activity of less than or
equal to 15% of mean normal in f ibroblasts, leukocytes, or
other nucleated cells
OR
2. Genetic analysis conf irms two (2) pathogenic alleles in the
glucocerebrosidase (GBA) gene
AND
iii. The patient has at least ONE of the f ollowing clinical presentations at
baseline (prior to therapy f or the requested indication):
1. Anemia def ined as mean hemoglobin (Hb) level below the
testing laboratory’s lower limit of the normal range based on
age and gender
OR
2. Thrombocytopenia (platelet count less than 100,000/microliter
on at least 2 measurements)
OR
3. Hepatomegaly
OR
4. Splenomegaly
OR
5. Growth f ailure (i.e., growth velocity below the standard mean
f or age)
OR
6. Evidence of bone disease with other causes ruled out

AND
2. ONE of the f ollowing:
A. The patient’s age is within FDA labeling f or the requested indication f or the
requested agent
OR
B. The prescriber has provided inf ormation in support of using the requested
agent f or the patient’s age f or the requested indication
AND
3. If the client has pref erred agent(s), then ONE of the f ollowing:
A. The requested agent is a pref erred agent f or the requested indication
OR
B. The patient is at least 2 years of age and less than 4 years of age
OR
C. The requested agent is a non-preferred agent f or the requested indication
AND ONE of the f ollowing:
i. The patient’s medication history indicates use of ONE preferred agent
f or the requested indication
OR
ii. The patient has an intolerance or hypersensitivity to ONE pref erred
agent f or the requested indication
OR
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iii. The patient has an FDA labeled contraindication to ALL pref erred
agent(s) f or the requested indication
Indication

Preferred Agents

Gaucher disease

Vpriv

Non-Preferred
Agents
Cerezyme, Elelyso

AND
4. The prescriber is a specialist in the area of the patient’s diagnosis (e.g.,
endocrinologist, geneticist) or the prescriber has consulted with a specialist in the
area of the patient’s diagnosis
AND
5. The patient will NOT be using the requested agent in combination with another
enzyme replacement therapy f or the requested indication
AND
6. The patient does NOT have any FDA labeled contraindications to the requested
agent
AND
7. The requested quantity (dose) is within FDA labeled dosing f or the requested
indication
Length of Approval: 12 months
Renewal Evaluation
Cerezyme, Elelyso, and Vpriv will be approved when ALL of the f ollowing are met:
1. The patient has been previously approved f or the requested agent through the
plan’s Medical Drug Review process
AND
2. The patient has had clinical benef it with the requested agent as indicated by
improvement or stabilization of at least ONE of the f ollowing:
A. Hemoglobin level
OR
B. Platelet count (suf ficient to decrease the risk of bleeding)
OR
C. Liver volume
OR
D. Spleen volume
OR
E. Growth velocity
OR
F. Bone pain or disease
AND
3. If the client has pref erred agent(s), then ONE of the f ollowing:
A. The requested agent is a pref erred agent f or the requested indication
OR
B. The patient is at least 2 years of age and less than 4 years of age
OR
C. The requested agent is a non-preferred agent f or the requested indication
AND ONE of the f ollowing:
i. The patient’s medication history indicates use of ONE preferred agent
f or the requested indication
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OR
ii. The patient has an intolerance or hypersensitivity to ONE pref erred
agent f or the requested indication
OR
iii. The patient has an FDA labeled contraindication to ALL pref erred
agent(s) f or the requested indication
Indication

Preferred Agents

Gaucher disease

Vpriv

Non-Preferred
Agents
Cerezyme, Elelyso

AND
4. The prescriber is a specialist in the area of the patient’s diagnosis (e.g.,
endocrinologist, geneticist) or the prescriber has consulted with a specialist in the
area of the patient’s diagnosis
AND
5. The patient will NOT be using the requested agent in combination with another
enzyme replacement therapy f or the requested indication
AND
6. The patient does NOT have any FDA labeled contraindications to the requested
agent
AND
7. The requested quantity (dose) is within FDA labeled dosing f or the requested
indication
Length of Approval: 12 months
Mucopolysaccharidosis type I [MPS I] (Hurler, Hurler-Scheie, and Scheie
Syndromes)
Initial Evaluation
Aldurazyme will be approved when ALL of the f ollowing are met:
1. ONE of the f ollowing:
A. BOTH of the f ollowing:
i. ONE of the f ollowing:
1. Inf ormation has been provided that indicates the patient has
been treated with the requested agent within the past 90 days
OR
2. The prescriber states the patient has been treated with the
requested agent within the past 90 days AND is at risk if
therapy is changed
AND
ii. The prescriber has assessed current status of the f ollowing: joint
mobility and range of motion, walking capacity, cardiac function,
respiratory function (e.g., forced vital capacity [FVC]), liver and
spleen volumes, number of sleep apnea/hypopnea episodes, growth
velocity, urinary glycosaminoglycans (GAGs)
OR
B. The patient has a diagnosis of mucopolysaccharidosis type I (MPS I – Hurler,
Hurler-Scheie, or Scheie syndrome) and BOTH of the f ollowing:
i. ONE of the f ollowing:
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1. The patient has alpha-L-iduronidase enzyme activity less
than 10% of mean normal in leukocytes, f ibroblasts,
plasma, serum, or dried blood spots
OR
2. Genetic analysis conf irms mutation in the alpha-Liduronidase (IDUA) gene
AND
ii. The patient has at least ONE of the f ollowing clinical presentations
at baseline (prior to therapy f or the requested indication):
1. Musculoskeletal abnormalities (e.g., joint stiffness and
contractures, dysostosis multiplex)
OR
2. Cardiac disorders (e.g., cardiomyopathy, cor pulmonale,
valvulopathy)
OR
3. Respiratory dysfunction (e.g., sleep apnea/hypopnea,
recurrent inf ection, restrictive and interstitial respiratory
diseases, decreased f orced vital capacity [FVC])
OR
4. Walking f atigue as demonstrated by six-minute walk test
(6MWT)
OR
5. Hepatomegaly and/or splenomegaly

AND
2. ONE of the f ollowing:
A. The patient’s age is within FDA labeling f or the requested indication f or the
requested agent
OR
B. The prescriber has provided inf ormation in support of using the requested
agent f or the patient’s age f or the requested indication
AND
3. The prescriber is a specialist in the area of the patient’s diagnosis (e.g.,
endocrinologist, geneticist) or the prescriber has consulted with a specialist in the
area of the patient’s diagnosis
AND
4. The patient does NOT have any FDA labeled contraindications to the requested
agent
AND
5. The requested quantity (dose) is within FDA labeled dosing f or the requested
indication
Length of Approval: 12 months
Renewal Evaluation
Aldurazyme will be approved when ALL of the f ollowing are met:
1. The patient has been previously approved f or the requested agent through the
plan’s Medical Drug Review process
AND
2. The patient has had clinical benef it with the requested agent as indicated by
improvement or stabilization of at least ONE of the f ollowing:
A. Joint mobility and/or range of motion
OR
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B. Respiratory f unction (e.g., sleep apnea/hypopnea, f orced vital capacity
[FVC])
OR
C. Cardiac f unction (e.g., left ventricular hypertrophy)
OR
D. Liver and/or spleen volume
OR
E. Urinary glycosaminoglycans (GAGs)
OR
F. Growth velocity
OR
G. Walking capacity (e.g., six-minute walk test [6MWT])
AND
3. The prescriber is a specialist in the area of the patient’s diagnosis (e.g.,
endocrinologist, geneticist) or the prescriber has consulted with a specialist in the
area of the patient’s diagnosis
AND
4. The patient does NOT have any FDA labeled contraindications to the requested
agent
AND
5. The requested quantity (dose) is within FDA labeled dosing f or the requested
indication
Length of Approval: 12 months
Mucopolysaccharidosis type II [MPS II] (Hunter Syndrome)
Initial Evaluation
Elaprase will be approved when ALL of the f ollowing are met:
1. ONE of the f ollowing:
A. Inf ormation has been provided that indicates the patient has been treated
with the requested agent within the past 90 days
OR
B. The prescriber states the patient has been treated with the requested agent
within the past 90 days AND is at risk if therapy is changed
OR
C. The patient has a diagnosis of mucopolysaccharidosis type II (MPS II –
Hunter syndrome) confirmed by at least ONE of the f ollowing:
i. The patient has iduronate-2-sulfatase enzyme deficiency in
leukocytes, f ibroblasts, plasma, or dried blood spots in the presence
of normal activity of at least one other sulf atase enzyme
OR
ii. Genetic analysis conf irms mutation in the iduronate-2-sulfatase (IDS)
gene
AND
2. ONE of the f ollowing:
A. The patient’s age is within FDA labeling f or the requested indication f or the
requested agent
OR
B. The prescriber has provided inf ormation in support of using the requested
agent f or the patient’s age f or the requested indication
AND
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3. The prescriber has assessed current status of ALL of the f ollowing: musculoskeletal
f unction (e.g., joint stiffness, pelvic dysplasia, vertebral and rib abnormalities,
dysostosis multiplex), cardiac f unction, respiratory dysfunction (e.g., sleep
apnea/hypopnea, recurrent inf ection, f orced vital capacity [FVC]), walking capacity
(e.g., demonstrated by six-minute walk test [6MWT]), liver and spleen volumes,
urinary glycosaminoglycans (GAGs), growth velocity
AND
4. The prescriber is a specialist in the area of the patient’s diagnosis (e.g.,
endocrinologist, geneticist) or the prescriber has consulted with a specialist in the
area of the patient’s diagnosis
AND
5. The patient does NOT have any FDA labeled contraindications to the requested agent
AND
6. The requested quantity (dose) is within FDA labeled dosing f or the requested
indication
Length of Approval: 12 months
Renewal Evaluation
Elaprase will be approved when ALL of the f ollowing are met:
1. The patient has been previously approved f or the requested agent through the
plan’s Medical Drug Review process
AND
2. The patient has had clinical benef it with the requested agent as indicated by
improvement or stabilization of at least ONE of the f ollowing:
A. Joint mobility and/or range of motion
OR
B. Respiratory f unction (e.g., sleep apnea/hypopnea, f orced vital capacity [FVC])
OR
C. Cardiac f unction
OR
D. Liver and/or spleen volume
OR
E. Urinary glycosaminoglycans (GAGs)
OR
F. Growth velocity
OR
G. Walking capacity (e.g., six-minute walk test [6MWT])
AND
3. The prescriber is a specialist in the area of the patient’s diagnosis (e.g.,
endocrinologist, geneticist) or the prescriber has consulted with a specialist in the
area of the patient’s diagnosis
AND
4. The patient does NOT have any FDA labeled contraindications to the requested
agent
AND
5. The requested quantity (dose) is within FDA labeled dosing f or the requested
indication
Length of Approval: 12 months
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Mucopolysaccharidosis type IVA [MPS IVA] (Morquio A Syndrome)
Initial Evaluation
Vimizim will be approved when ALL of the f ollowing are met:
1. ONE of the f ollowing:
A. Inf ormation has been provided that indicates the patient has been treated
with the requested agent within the past 90 days
OR
B. The prescriber states the patient has been treated with the requested agent
within the past 90 days AND is at risk if therapy is changed
OR
C. The patient has a diagnosis of mucopolysaccharidosis type IVA (MPS IVA –
Morquio A syndrome) confirmed by at least ONE of the f ollowing:
i. The patient has a N-acetylgalactosamine-6-sulfatase deficiency in
leukocytes or f ibroblasts
OR
ii. Genetic analysis conf irms mutation in the galactosamine (N-acetyl)6-sulf atase (GALNS) gene
AND
2. ONE of the f ollowing:
A. The patient’s age is within FDA labeling f or the requested indication f or the
requested agent
OR
B. The prescriber has provided inf ormation in support of using the requested
agent f or the patient’s age f or the requested indication
AND
3. The prescriber has assessed the current walking capacity (e.g., six-minute walk
test [6MWT]) and f orced vital capacity (FVC)
AND
4. The prescriber is a specialist in the area of the patient’s diagnosis (e.g.,
endocrinologist, geneticist) or the prescriber has consulted with a specialist in the
area of the patient’s diagnosis
AND
5. The patient does NOT have any FDA labeled contraindications to the requested
agent
AND
6. The requested quantity (dose) is within FDA labeled dosing f or the requested
indication
Length of Approval: 12 months
Renewal Evaluation
Vimizim will be approved when ALL of the f ollowing are met:
1. The patient has been previously approved f or the requested agent through the
plan’s Medical Drug Review process
AND
2. The patient has had clinical benef it with the requested agent as indicated by
improvement or stabilization of at least ONE of the f ollowing:
A. Walking capacity (e.g., six-minute walk test [6MWT])
OR
B. Forced vital capacity (FVC)
AND
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3. The prescriber is a specialist in the area the patient’s diagnosis (e.g.,
endocrinologist, geneticist) or the prescriber has consulted with a specialist in the
area of the patient’s diagnosis
AND
4. The patient does NOT have any FDA labeled contraindications to the requested
agent
AND
5. The requested quantity (dose) is within FDA labeled dosing f or the requested
indication
Length of Approval: 12 months
Mucopolysaccharidosis type VI [MPS VI] (Maroteaux-Lamy Syndrome)
Initial Evaluation
Naglazyme will be approved when ALL of the f ollowing are met:
1. ONE of the f ollowing:
A. Inf ormation has been provided that indicates the patient has been treated
with the requested agent within the past 90 days
OR
B. The prescriber states the patient has been treated with the requested agent
within the past 90 days AND is at risk if therapy is changed
OR
C. The patient has a diagnosis of mucopolysaccharidosis type VI (MPS VI –
Maroteaux-Lamy syndrome) confirmed by at least ONE of the f ollowing:
i.
The patient has arylsulf atase B enzyme activity less than 10% of
the lower limit of normal in cultured f ibroblasts or isolated
leukocytes, and has normal enzyme activity in at least one other
sulf atase enzyme
OR
ii.
Genetic analysis conf irms mutation in the arylsulf atase B (ARSB)
gene
AND
2. The prescriber has assessed current status of ALL the f ollowing: skeletal
manif estations (e.g., joint mobility, bone disease), walking capacity (e.g., measured
by six-minute walk test [6MWT]), cardiac f unction, respiratory function (e.g., f orced
vital capacity [FVC]), liver and spleen volumes, growth velocity, urinary
glycosaminoglycans (GAGs)
AND
3. The prescriber is a specialist in the area of the patient’s diagnosis (e.g.,
endocrinologist, geneticist) or the prescriber has consulted with a specialist in the
area of the patient’s diagnosis
AND
4. The patient does NOT have any FDA labeled contraindications to the requested
agent
AND
5. The requested quantity (dose) is within FDA labeled dosing f or the requested
indication
Length of Approval: 12 months
Renewal Evaluation
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Naglazyme will be approved when ALL of the f ollowing are met:
1. The patient has been previously approved f or the requested agent through the
plan’s Medical Drug Review process
AND
2. The patient has had clinical benef it with the requested agent as indicated by
improvement or stabilization of at least ONE of the f ollowing:
A. Joint mobility and/or range of motion
OR
B. Walking capacity (e.g. six-minute walk test [6MWT])
OR
C. Cardiac f unction
OR
D. Urinary glycosaminoglycans (GAGs)
OR
E. Respiratory f unction (e.g., f orced vital capacity [FVC])
OR
F. Liver and/or spleen volume
OR
G. Growth velocity
AND
3. The prescriber is a specialist in the area of the patient’s diagnosis (e.g.,
endocrinologist, geneticist) or the prescriber has consulted with a specialist in the
area of the patient’s diagnosis
AND
4. The patient does NOT have any FDA labeled contraindications to the requested
agent
AND
5. The requested quantity (dose) is within FDA labeled dosing f or the requested
indication
Length of Approval: 12 months
Mucopolysaccharidosis type VII [MPS VII] (Sly Syndrome)
Initial Evaluation
Mepsevii will be approved when ALL of the f ollowing are met:
1. ONE of the f ollowing:
A. Inf ormation has been provided that indicates the patient has been treated
with the requested agent within the past 90 days
OR
B. The prescriber states the patient has been treated with the requested agent
within the past 90 days AND is at risk if therapy is changed
OR
C. The patient has a diagnosis of mucopolysaccharidosis type VII (MPS VII – Sly
syndrome) confirmed by at least ONE of the f ollowing:
i.
The patient has a beta-glucuronidase enzyme deficiency in cultured
leukocytes or f ibroblasts
OR
ii.
Genetic analysis conf irms mutation in the beta-glucuronidase (GUSB)
gene
AND
2. The prescriber has assessed current status of ALL of the f ollowing: skeletal
manif estations (e.g., joint mobility, dysostosis multiplex), walking capacity (e.g. six-
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minute walk test [6MWT]), respiratory f unction (e.g., f orced vital capacity [FVC]),
liver and spleen volumes
AND
3. The prescriber is a specialist in the area of the patient’s diagnosis (e.g.,
endocrinologist, geneticist) or the prescriber has consulted with a specialist in the
area of the patient’s diagnosis
AND
4. The patient does NOT have any FDA labeled contraindications to the requested agent
AND
5. The requested quantity (dose) is within FDA labeled dosing f or the requested
indication
Length of Approval: 12 months
Renewal Evaluation
Mepsevii will be approved when ALL of the f ollowing are met:
1. The patient has been previously approved f or the requested agent through the
plan’s Medical Drug Review process
AND
2. The patient has had clinical benef it with the requested agent as indicated by
improvement or stabilization of at least ONE of the f ollowing:
A. Walking capacity (e.g., six-minute walk test [6MWT])
OR
B. Respiratory f unction (e.g., f orced vital capacity [FVC])
OR
C. Liver and/or spleen volume
AND
3. The prescriber is a specialist in the area of the patient’s diagnosis (e.g.,
endocrinologist, geneticist) or the prescriber has consulted with a specialist in the
area of the patient’s diagnosis
AND
4. The patient does NOT have any FDA labeled contraindications to the requested
agent
AND
5. The requested quantity (dose) is within FDA labeled dosing f or the requested
indication
Length of Approval: 12 months
Lysosomal Acid Lipase Deficiency (LAL-D)
Initial Evaluation
Kanuma will be approved when ALL of the f ollowing are met:
1. ONE of the f ollowing:
A. Inf ormation has been provided that indicates the patient has been treated
with the requested agent within the past 90 days
OR
B. The prescriber states the patient has been treated with the requested agent
within the past 90 days AND is at risk if therapy is changed
OR
C. The patient has a diagnosis of lysosomal acid lipase def iciency (LAL-D)
conf irmed by at least ONE of the f ollowing:
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i. The patient has lysosomal acid lipase (LAL) enzyme activity less than
or equal to 11% of mean normal in leukocytes, f ibroblasts, or dried
blood spots
OR
ii. Genetic analysis conf irms biallelic mutation (two pathogenic variants)
in the LIPA gene

AND
2. ONE of the f ollowing:
A. The patient’s age is within FDA labeling f or the requested indication f or the
requested agent
OR
B. The prescriber has provided inf ormation in support of using the requested
agent f or the patient’s age f or the requested indication
AND
3. The prescriber has assessed current status of growth velocity, serum
transaminases (e.g., ALT, AST), bilirubin, lipid levels (e.g., LDL-C, TG, HDL-C), and
liver volume
AND
4. The prescriber is a specialist in the area of the patient’s diagnosis (e.g.,
endocrinologist, geneticist) or the prescriber has consulted with a specialist in the
area of the patient’s diagnosis
AND
5. The patient does NOT have any FDA labeled contraindications to the requested
agent
AND
6. The requested quantity (dose) is within FDA labeled dosing f or the requested
indication
Length of Approval: 12 months
Renewal Evaluation
Kanuma will be approved when ALL of the f ollowing are met:
1. The patient has been previously approved f or the requested agent through the
plan’s Medical Drug Review process
AND
2. The patient has had clinical benef it with the requested agent as indicated by
improvement or stabilization of at least ONE of the f ollowing:
A. Growth (e.g., height and/or weight)
OR
B. Lipid levels (e.g., LDL-C, TG, HDL-C)
OR
C. Serum transaminases (e.g., ALT, AST) and/or bilirubin
OR
D. Liver volume
AND
3. The prescriber is a specialist in the area of the patient’s diagnosis (e.g.,
endocrinologist, geneticist) or the prescriber has consulted with a specialist in the
area of the patient’s diagnosis
AND
4. The patient does NOT have any FDA labeled contraindications to the requested
agent
AND
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5. The requested quantity (dose) is within FDA labeled dosing f or the requested
indication
Length of Approval: 12 months
Pompe Disease
Initial Evaluation
Lumizyme will be approved when ALL of the f ollowing are met:
1. ONE of the f ollowing:
A. Inf ormation has been provided that indicates the patient has been treated
with the requested agent within the past 90 days
OR
B. The prescriber states the patient has been treated with the requested agent
within the past 90 days AND is at risk if therapy is changed
OR
C. The patient has a diagnosis of Pompe disease (acid maltase deficiency
[AMD]; glycogen storage disease type II [GSDII]) conf irmed by at least ONE
of the f ollowing:
i. Genetic analysis conf irms biallelic mutation (two pathogenic variants)
in the GAA gene
OR
ii. The patient has def icient acid alpha-glucosidase glycogen enzyme
activity in dried blood spots, leukocytes, skin f ibroblasts, and/or
skeletal muscle tissue
AND
2. The prescriber has assessed current status of ALL of the f ollowing: gross motor
f unction (e.g., walking distance, skeletal muscle f unction, hypotonia), pulmonary
f unction (e.g., forced vital capacity [FVC], need f or ventilatory support), cardiac
f unction (e.g., cardiomyopathy)
AND
3. The prescriber is a specialist in the area of the patient’s diagnosis (e.g.,
endocrinologist, geneticist) or the prescriber has consulted with a specialist in the
area of the patient’s diagnosis
AND
4. The patient does NOT have any FDA labeled contraindications to the requested
agent
AND
5. The requested quantity (dose) is within FDA labeled dosing f or the requested
indication
Length of Approval: 12 months
Renewal Evaluation
Lumizyme will be approved when ALL of the f ollowing are met:
1. The patient has been previously approved f or the requested agent through the
plan’s Medical Drug Review process
AND
2. The patient has had clinical benef it with the requested agent as indicated by
improvement or stabilization of at least ONE of the f ollowing:
A. Gross motor function (e.g., walking distance, skeletal muscle f unction,
hypotonia)
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3.

4.

5.
6.

OR
B. Pulmonary f unction (e.g., forced vital capacity [FVC], need f or ventilatory
support)
OR
C. Cardiac f unction (e.g., cardiomyopathy)
AND
ONE of the f ollowing:
A. There is no evidence that the patient has developed IgG antibodies to the
requested agent
OR
B. The patient developed IgG antibodies to the requested agent, but is f ollowing
immunomodulation protocol (e.g., methotrexate, rituximab, intravenous
immunoglobulin) to prevent or eliminate immune responses
AND
The prescriber is a specialist in the area of the patient’s diagnosis (e.g.,
endocrinologist, geneticist) or the prescriber has consulted with a specialist in the
area of the patient’s diagnosis
AND
The patient does NOT have any FDA labeled contraindications to the requested
agent
AND
The requested quantity (dose) is within FDA labeled dosing f or the requested
indication

Length of Approval: 12 months
Pompe Disease
Initial Evaluation
Nexviazyme will be approved when ALL of the f ollowing are met:
1. ONE of the f ollowing:
A. Inf ormation has been provided that indicates the patient has been treated
with the requested agent within the past 90 days
OR
B. The prescriber states the patient has been treated with the requested agent
within the past 90 days AND is at risk if therapy is changed
OR
C. The patient has a diagnosis of late-onset Pompe disease (acid maltase
def iciency [AMD]; glycogen storage disease type II [GSDII]) conf irmed by at
least ONE of the f ollowing:
i. Genetic analysis conf irms biallelic mutation (two pathogenic variants)
in the GAA gene
OR
ii. The patient has def icient acid alpha-glucosidase glycogen enzyme
activity in dried blood spots, leukocytes, skin f ibroblasts, and/or
skeletal muscle tissue
AND
2. The prescriber has assessed current status of the f ollowing: gross motor f unction
(e.g., walking distance), pulmonary function (e.g., forced vital capacity [FVC])
AND
3. The prescriber is a specialist in the area of the patient’s diagnosis (e.g.,
endocrinologist, geneticist) or the prescriber has consulted with a specialist in the
area of the patient’s diagnosis
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AND
4. ONE of the f ollowing:
A. The patient has tried and had an inadequate response to Lumizyme
(alglucosidase alf a) (medical records required)
OR
B. The patient has an intolerance or hypersensitivity to Lumizyme (alglucosidase
alf a) (medical records required)
OR
C. The patient has an FDA labeled contraindication to Lumizyme (alglucosidase
alf a) (medical records required)
AND
5. The patient does NOT have any FDA labeled contraindications to the requested
agent
AND
6. The requested quantity (dose) is within FDA labeled dosing f or the requested
indication
Length of Approval: 12 months
Renewal Evaluation
Nexviazyme will be approved when ALL of the f ollowing are met:
1. The patient has been previously approved f or the requested agent through the
plan’s Medical Drug Review process
AND
2. The patient has had clinical benef it with the requested agent as indicated by
improvement or stabilization of at least ONE of the f ollowing:
A. Gross motor function (e.g., walking distance)
OR
B. Pulmonary f unction (e.g., forced vital capacity [FVC])
AND
3. The prescriber is a specialist in the area of the patient’s diagnosis (e.g.,
endocrinologist, geneticist) or the prescriber has consulted with a specialist in the
area of the patient’s diagnosis
AND
4. The patient does NOT have any FDA labeled contraindications to the requested
agent
AND
5. The requested quantity (dose) is within FDA labeled dosing f or the requested
indication
Length of Approval: 12 months
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