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ARTICLE INFO ABSTRACT

Keywords: Mucopolysaccharidoses (MPS) are a group of lysosomal storage disorders that impair degradation of glycosa-

Guideline minoglycans (GAG). The specific GAGs that accumulate depend on the type of MPS, leading to unique char-

Enzyme replacement therapy acteristic clinical features. Development of guidelines for treatment of MPS has traditionally been multifaceted

Hematopoietic stem cell transplantation and largely based on palliative care. In the last three decades, hematopoietic stem cell transplantation and

:zit;lesm;st;;ewew enzyme replacement therapy have been developed based on experimental and clinical studies. Guidelines have
been established with the accumulation of the clinical data from natural history of the disease and therapeutic
consequences, mainly sponsored by pharmaceutical companies. In recent years, committees in three countries,
Australia (2015), Japan (2017), and Brazil (2018) have adopted guidelines for the treatment of MPS II, spon-
sored and authorized by each government. As novel treatments for MPS including substrate reduction therapy,
pharmacological chaperone therapy, and gene therapy become clinically available, it is increasingly necessary to
establish the optimal guideline for each type of MPS, considering multiple factors including therapeutic efficacy,
adverse effects, age, disease stage, prognosis, feasibility and availability of access to treatment, and cost- per-
formance.

In this article, we discuss the historical guidelines for specific MPS types and the most recently adopted
guidelines for MPS II and propose the development of future guidelines without conflict of interest and bias
leading to mutual benefits to all parties including patients and families, professionals, tax payers, and govern-
ments.

Abbreviation list: 6MWT, six-minute walk test; AGREE II, appraisal of guidelines, research, and evaluation II; ANVISA, Brazilian National Agency of Health
Surveilance; BBB, blood-brain barrier; BMT, bone marrow transplant; CNS, central nervous system; ERG, evidence review group; ERT, enzyme replacement therapy;
FDA, Food and drug administration; GAG, glycosaminoglycan; GT, gene therapy; GVHD, graft-versus-host disease; HLA, human leukocyte antigen; HSCT, hema-
topoietic stem cell transplantation; HSEEC, Hunter syndrome European expert council; IT, intrathecal; KS, keratan sulfate; LSD, lysosomal storage disorders; LSDP,
Life saving drugs programme; MPS I, Mucopolysaccharidosis type I; MPS II, Mucopolysaccharidosis type II; MPS III, Mucopolysaccharidosis type III; MPS IV,
Mucopolysaccharidosis type IV; MPS IX, Mucopolysaccharidosis type IX; MPS VI, Mucopolysaccharidosis type VI; MPS, Mucopolysaccharidosis; NBS, newborn
screening; NICE, National Institute for Health Care and Excellence; NIH, National Institutes of Health; PCT, pharmacological chaperone therapy; QOL, quality of life;
SRT, substrate reduction therapy; UCB, umbilical cord blood

* Corresponding author.

** Corresponding author at: Department of Biomedical Research, Nemours/Alfred I. duPont Hospital for Children, 1600 Rockland Rd., Wilmington, DE 19899-
0269, United States.

E-mail addresses: hiroy@jikei.ac.jp (H. Ida), stomatsu@nemours.org (S. Tomatsu).

1 The first two authors should be regarded as joint first authors.

https://doi.org/10.1016/j.ymgme.2018.07.001
Received 13 June 2018; Accepted 1 July 2018
Available online 07 July 2018

1096-7192/ © 2018 Elsevier Inc. All rights reserved.


http://www.sciencedirect.com/science/journal/10967192
https://www.elsevier.com/locate/ymgme
https://doi.org/10.1016/j.ymgme.2018.07.001
https://doi.org/10.1016/j.ymgme.2018.07.001
mailto:hiroy@jikei.ac.jp
mailto:stomatsu@nemours.org
https://doi.org/10.1016/j.ymgme.2018.07.001
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ymgme.2018.07.001&domain=pdf

M. Stapleton et al.

Therapies

Molecular Genetics and Metabolism 126 (2019) 238-245

Prognosis

Patient born

!

Clinical Signs
and Symptoms

Enzyme Assay
........ > GAG Assay — Diagnosis: MPS

Palliative Care

Mixed (symptomatic treatment)

HSCT Permanent
ERT Continuous

Gene Mutation

Fig. 1. Current and future management of MPS disorders.

..... a Gene Therapy (Ex-vivo or In-Vivo), — & Mixed
SRT

Abbreviations: NBS: newborn screening; GAG: glycosaminoglycan; ERT: enzyme replacement therapy, HSCT: Hematopoietic stem cell therapy; SRT: substrate

reduction therapy.

1. Introduction

Treatment guidelines for rare diseases are often scarce and difficult
to find. Despite the lack of uniformity, general guidelines for orphan
disease management are critical for fair and effective patient care,
particularly when preemptive treatment leads to better patient out-
comes, as is the case with mucopolysaccharidoses (MPS) (see Fig. 1 for
MPS management strategy). Without guidelines that include treatment
options appropriate for each patient with MPS, better care is delayed
resulting in negative and, potentially fatal consequences. In the case of
rare disorders, these guidelines should ideally be established based on
the results from International patient registries. Such registries allow
greater data comparison from patients with a wide range of clinical
phenotypes and ethnic backgrounds [1]. Ideally these registries will
include patient data obtained from randomized, double blind controlled
trials. With the advent of increased International cooperation and
standardized care, comprehensive, International databases have re-
cently become a more realistic possibility. These databases can be
created for and accessed by researchers, physicians, and patient com-
munity for information purposes. One example of such a collaboration
is the Orphanet database, aimed at International data collection of
patient information from those with rare diseases. Pavan et al... dis-
seminated 277 clinical practice guidelines representing coverage of
1122 groups of diseases or subtypes between January 2012 and July
2015 into their database [2]. To determine the quality of the guidelines
researchers used quality criteria derived from the AGREE II (Appraisal
of Guidelines, Research, and Evaluation II) grading system, which was
Internationally validated in 2002 [2]. This instrument contains 6
groups of criteria which are then subdivided into 23 separate quality
domain items. Guidelines were further subjected to validation by third-
party medical physicians before they were included in the Orphanet
database. This process included guidelines originally written in 10
languages. Researchers found that many rare disease guidelines lacked
specific AGREE II criteria. Common insufficiencies noted included rigor
of development and editorial independence (see Table 1 for specific
limitations of MPS guidelines) [2]. These common difficulties are not
exclusive to this database and frequently cause potential bias in the
development of comprehensive guidelines, as described in detail further
on. With appropriate knowledge, specialized and unbiased editors and
International collaboration, the development of such quality guidelines
as assessed by criteria like AGREE-II is possible.

For MPS disorders, physicians and/or governments have proposed
their own or collaborative guidelines for the care and treatment of
patients based on MPS type, clinical phenotype, and age of the patients.
We have reviewed these guidelines of each type of MPS and proposed
how the unbiased guideline should be established.
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2. Overview: historical aspect of guideline and management for
treatment of MPS

2.1. Mucopolysaccharidosis type I (MPS I)

Currently, there are four guidelines and two review articles out-
lining treatment guidelines. In 2003, the International Consensus Panel
on the Management and Treatment of MPS I met and established
guidelines which were eventually updated and published in 2009. Since
MPS requires a multidisciplinary approach, the team included specia-
lists in pediatrics, cardiology, ophthalmology, anesthesiology, trans-
plantation, orthopedics, and genetics [3]. The first guideline stated that
all patients must receive a baseline evaluation for all systems that could
be potentially affected. Comprehensive evaluations should be updated
every 6-12months. It is from initial evaluations that patients are
grouped into one of two broad classes, Hurler syndrome (severe) and
Hurler-Scheie or Scheie syndrome (attenuated). They suggest when
deciding whether to treat patients with hematopoietic stem cell trans-
plantation (HSCT) or enzyme replacement therapy (ERT) patient age,
disease severity and the potential for growth should be considered. If a
patient with MPS I is younger than 2 years and cognitively sufficient,
HSCT is considered to be a better option as it provides a long-term
impact and improvements on central nervous system (CNS) impair-
ment. If a child is older than 2 years, already has experienced cognitive
decline, or is believed to have an attenuated phenotype, ERT is con-
sidered more appropriate in addition to palliative care. It should be
noted that these guidelines were sponsored by BioMarin/Genzyme,
companies that currently market ERT.

Also in 2009, Martins et al. published “Guidelines for the
Management of MPS I” in Brazil, again sponsored, in part, by Genzyme
[4]. However, the guidelines were established exclusively by physicians
and stressed a multifaceted and individualized approach for each pa-
tient. Nevertheless, the guidelines were similar to those proposed by the
International Consensus Panel on the Management and Treatment.
Treatment options included both ERT and HSCT. For ERT, patients must
be evaluated for efficacy and response to treatment, but inclusion cri-
teria included patients at any age. Patients whose symptoms imply
imminent death as determined by at least two specialists, and patients
who are pregnant or breastfeeding should be disqualified from ERT. For
HSCT, inclusion criteria indicate that the patients must be under the age
of 24-months and that preferably the transplant will be a human leu-
kocyte antigen (HLA) identical sibling donor [4].

In 2010, Giugliani et al. published an updated “MPS I, II, and VI:
Brief Review and Guidelines for Treatment” in Brazil in partnership
with BioMarin and the Brazilian National Agency of Health Surveillance
(ANVISA). Treatments again include HSCT, ERT, and palliative care.
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Table 1

Guidelines and their limitations.

Limitation

MPS disorder

Year

Authors

Guideline

Biomarin/Genzyme sponsorship; historical grouping of phenotype severity
Genzyme sponsorship

MPS 1

2009
2009
2011

Muenzer et al

Mucopolysaccharidosis I: Management and treatment guidelines

Guidelines for the management of MPS I

MPS I

Martins et al.

Biomarin/Genzyme sponsorship

MPS 1

de Ru et al.

ERT and/or HSCT at diagnosis with MPS I results of a European concensus

procedure
ERT with Laronidase for treating MPS I

Biomarin sponsorship; only consideration for patients older than 2.5. Did not consider HSCT

as viable treatment option.

MPS I

2013

Jameson et al.

Did not consider HSCT as viable treatment option

MPS 1

2015

Australian government sponsored

Scarpa et al.

LSDP guidelines and application form for subsidized treatment of MPS I

Shire Human Genetic Therapies sponsorship. Lack of involvement from fields of genetics and

biochemistry. Did not consider HSCT

MPS II

2011

Mucopolysaccharidosis Type II: European recommendations for the diagnosis and

management of a rare disease
LSDP guidelines and application form for subsidized treatment of MPS II

Lack of consideration of palliative care options. Did not consider HSCT as viable treatment option.

Historical treatment of phenotype severity

MPS II

2015

Australian government sponsored
Eto et al. Japanese government

sponsored

2017 MPSII

Practical guidelines for the management of mucopolysaccharidosis (MPS) type II

2018 MPSII ERT and palliative care are not mentioned.
2015

Brazilian government sponsored

Hendriksz et al.

Inclusions of hematopoietic stem cell transplanation of mucopolysaccharidosis type II
The international guidelines for the management of treatment of Morquio A syndrome

Biomarin sponsorship. ERT only therapeutic option consdered for patients. Did not consider
HSCT as viable treatment option.

MPS IVA

Limited tests of efficacy and data utilized. No data reported from surgical intervention. Did

not consider HSCT as viable treatment option.

MPS IVA

2015

Australian government sponsored

LSDP guidelines and application form for subsidized treatment of MPS IVA

Guideline to be eligibility for ERT. Lack of data for palliative care. Did not consider HSCT as

viable treatment option.

2015 MPS IVA

NICE

Elosulfase alfa for treating Mucopolysaccharidosis type IVA

Lack of palliative care consideration. Did not consider HSCT as viable treatment option.

MPS VI

2015

Australian government sponsored

Brunelli et al.

LSDP guidelines and application form for subsidized treatment of MPS VI
Enzyme replacement therapy with gasulfase for mucopolsaccharidosis

Lack of longitudinal data, ERT was the only therapy considered, lack of accurate measures of

efficacy. Did not consider HSCT as viable treatment option.

2016 MPS VI
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Guidelines for MPS I in this review were similar to those described
above. ERT with HSCT was not considered in this review [5].

In 2011, de Ru et al. published “ERT and/or HSCT at diagnosis in
patients with MPS I: results of a European Consensus procedure,” where
they discussed ERT versus conventional ERT followed by HSCT. The
panel members of this meeting included specialists in multiple fields,
not limited to physicians and including specialists in bone marrow
transplantation (BMT) and metabolic disorders. The members used a
modified Delphi process to develop consensus-based statements speci-
fically on MPS I treatment. The initial opinions by specialists on
transplantation based on prior expertise were collected, and the panel
then met and composed a draft of MPS treatment options. The draft was
revised until a consensus was obtained and the panel determined an
algorithm for determination of either ERT or ERT followed by HSCT.
Important factors in determining this algorithm included the age of the
patient, lag time in treatment, and CNS involvement. This guideline was
also sponsored by BioMarin/Genzyme [6].

In 2013, BioMarin supported “ERT with laronidase for Treating MPS
I” published by Jameson et al. The study outlines the treatment of MPS I
with a specific type of ERT laronidase (Aldurazyme®) [7]. The review
acknowledges that the gold standard treatment for MPS I is HSCT for
young patients treated before the age of 2.5 years. This study, therefore,
examines ERT treatment for patients who were only treated older than
the recommended age for HSCT treatment [7]. The study evaluates the
effectiveness and safety of treating MPS I with laronidase as compared
to a placebo in 45 patients. Efficacy was evaluated based on GAG levels
in the urine, improved functional capacity, and GAG storage as de-
termined by reduction in the volume of the liver [7]. This study shows
an increase in age of effective treatment benefit from HSCT, from the
age of 2 years to 2.5 years. While it is excepted that young children who
have not experienced any cognitive decline should be considered for
HSCT as opposed to ERT treatment there is discrepancy about what age
children are too old for the greatest efficacy from HSCT and, in the
event of probable neurological decline, whether children should be
eligible to receive HSCT once some degree of cognitive impairment is
present.

In 2015, the Australian Government Department of Health pub-
lished “Life Saving Drugs Programme (LSDP) Guidelines and
Application Form for Subsidized Treatment for Mucopolysaccharidosis
Type I Disease (MPS I)” [8]. This review established a rare disease as
one that affects no > 2000 individuals in Australia at a time. This re-
newed the subsidized government sponsored treatment of MPS I with
ERT on the condition of efficacy monitoring on a patient by patient
basis. This review also states that if HSCT becomes available at any age
to the patient (mentions the possibility of preferential outcomes for
patients with neurological symptoms but no specific criteria), ERT
should be provided to patients pre-transplantation.

2.2. Mucopolysaccharidosis type II (MPS II)

There are currently five guidelines and one review article available
for MPS II.

In 2010, the article “MPS I, II, and VI: brief review and guidelines
for treatment,” by Giugliani et al. described treatment for MPS II [5].
This review described unique inheritance of this disease as the only
MPS disorder with an X-linked genetic inheritance pattern, the symp-
toms typically experienced, and the incidence of attenuated versus se-
vere MPS II. The authors concluded that HSCT has not been performed
in enough patients to determine the degree of therapeutic efficacy. The
article recommends that patients with all phenotypes should receive
ERT initially. Patients with significant CNS involvement should be as-
sessed over 12 to 18 months. Since ERT does not allow the enzyme to
cross the blood-brain barrier (BBB), cognitive function is not improved,
and therefore, such patients must be monitored for therapeutic efficacy
[5].

In 2011, the Hunter Syndrome European Expert Council (HSEEC)
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sponsored the publication of “Mucopolysaccharidosis Type II: European
recommendations for the diagnosis and multidisciplinary management
of a rare disease” [9]. This was a collaborative work with a group of
European clinicians with substantial experience in diagnosing in
treating patients with MPS disorders and lysosomal storage disorders
(LSDs). This work recognizes the variance in treatment methods in MPS
II patients between countries and gives overarching and comprehensive
recommendations for treatment and diagnosis of MPS across national
boundaries. The most common method of treatment is listed as ERT.
The authors state that all patients with a confirmed diagnosis of MPS II
should be eligible to receive a trial period of weekly ERT infusions,
regardless of their phenotype. If there is no change in the quality of life
after the trial period, if adverse effects develop, or if the patient has a
very advanced MPS II phenotype that is unlikely to be affected by ERT,
treatment should be stopped. If ERT shows a positive impact and the
patient does not have severe respiratory symptoms, patients should be
considered for continued ERT, using at home infusion if available. The
authors list HSCT as not having been conducted on enough MPS II
patients to allow for determination of long-term outcomes. This work
was sponsored in part by Shire Human Genetic Therapies [9].

In 2011, da Silva et al. reviewed the efficacy of ERT for MPS II
patients, compared to untreated and placebo patients in “Enzyme re-
placement therapy with idursulfase for mucopolysaccharidosis type II
(Hunter syndrome).” Results from the study showed the limited efficacy
of treatment. ERT was effective at reducing liver and spleen volumes,
functional capacity, and urinary GAGs levels. It was inconclusive on
improvement in sleep apnea, growth, and cardiac function. This review
was supported by the National Institute for Health Research in the
United Kingdom [10].

In 2012 Muenzer et al., published “The role of enzyme replacement
therapy in severe Hunter syndrome- an expert panel consensus.” These
guidelines particularly pertain to patients who have cognitive impair-
ment due to MPS II. Panel experts included specialists in primary care,
genetics and physician specialists. ERT was the only therapy that was
discussed and it was concluded that while patients can experience some
somatic improvements, no cognitive benefits from ERT have been seen.
It was therefore determined that the risks of ERT in neurologically
impaired patients should be weighed heavily against difficulties in
administration and risks of treatment. Patients should be treated for a
6-12 month trial with ERT, and significant somatic symptom recovery
must be seen in order to continue treatment [11].

In 2015, the Australian LSDP published their “Guidelines and ap-
plication form for subsidized treatment for Mucopolysaccharidosis Type
II disease (MPS II).” Treatments included ERT and determination of
appropriate treatment is dependent on severity, age at diagnosis, initial
treatment, and the presence of neurological symptoms on a case-by-
case basis. The guideline was adopted by the Australian Government
Department of Health [12].

In 2017, the “Practical guideline for the management of
Mucopolysaccharidosis (MPS) type II,” which outlined and evaluated
the current treatment regimen for MPS II patients was adopted in Japan
[13]. Committee Members appointed by Japanese Health, Labor and
Welfare Ministry made this guideline. ERT can start immediately with
weekly intravenous infusions. The enzyme infused is cleared rapidly
from the body and cannot penetrate the BBB. Therefore, there is no
effect on CNS impairment. Antibodies to the infused enzyme provide
adverse effects. HSCT is considered as more effective on CNS impair-
ment than ERT. HSCT is also a permanent one-time therapy reducing
inconvenience to patients and their caregivers. There are still concerns
about significant risks of HSCT, including graft-versus-host disease
(GVHD), infection, and limited availability of matched donors [13].

To determine the acceptable treatment, evaluation of clinical
symptoms must be taken into account. ERT is the first choice to treat
visceral organ involvement, physical activity including walking, pul-
monary function, and might improve bone symptoms including growth.
However, there is no evidence that conventional ERT improves joint
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symptoms, cardiac function, valvular heart disease, or CNS symptoms.
HSCT does not improve respiratory dysfunction, gait disturbance, or
joint symptoms. The positive effect of HSCT on neurological decline
should be considered when determining ideal patient treatment. While
there is no strong evidence that HSCT improves CNS lesions already
present in MPS II patients, it is likely that onset or progression of
neurological symptoms will be reduced by HSCT in younger patients.
Efficacy may also be dependent on the type of mutation and the age at
HSCT, and therefore, evaluation of these parameters must be addressed
[13].

In 2017, we summarized the current treatments available for MPS II
including HSCT, conventional and intrathecal ERT, palliative care with
symptomatic surgeries, and anti- inflammatory treatment. Treatment
approaches differ based on age, clinical severity, prognosis, cost, health
insurance, and country in which treatment is accessed [14].

In 2018, the Brazilian Health Ministry reevaluated treatment in-
clusion for MPS II. This study found that published studies about HSCT
for MPS II tend to be outdated, and improvements for transplantations
have been positively modified and improved in the last several years
[15]. In addition, studies typically include heterogeneous groups of LSD
who have varying degrees of advanced age and neurological impair-
ment at the time of treatment. Although limitations of HSCT were in-
cluded as previously mentioned, improvements were seen in patients
treated at early stages [16-19]. The improvements included reduced
mortality due to the advent of new protocols of immunosuppressant's,
and better donor/patient selection criteria. These developments led to
the recommendation of adding HSCT to government-sponsored treat-
ments of neuropathic forms of MPS II in patients younger than three
years old. This recommendation was accepted in January 2018, and
allogeneic HSCT is now included as a therapeutic option according to
clinical protocol and therapeutic guidelines [15].

2.3. Mucopolysaccharidosis type III (MPS III)

Management and Guidelines have not been determined yet since no
effective treatment is established yet.

2.4. Mucopolysaccharidosis type IV (MPS IV)

There are several guidelines and reviews for treatment of MPS IVA.
In 2013, “Review of clinical presentation and diagnosis of
Mucopolysaccharidosis IVA” was published by Hendriksz et al., spon-
sored by BioMarin and the International Morquio Organization. This
review focuses on methods of diagnosis and recognition of the signs and
symptoms of MPS IVA and does not discuss any course of appropriate
treatment [20].

A second review, published in 2014 by Tomatsu et al. addresses
both current and future therapies for Morquio A. Therapies discussed
include ERT, HSCT and palliative care including substrate reduction
therapy (SRT) and symptomatic surgeries. Gene therapy (GT) is listed as
a potential future treatment, with its limitation as a bone targeting
agent also discussed. This article was supported by the Austrian MPS
Society, the American National MPS Society, and the International
Morquio Organization [21].

In 2014, Leadley et al. published “A systematic review of the pre-
valence of Morquio A Syndrome.” This review highlights the mis-
understanding of the definitions of prevalence versus incidence of this
disease. It also emphasizes the necessity of extensive studies and uni-
versal assessment tools necessary for quality data collection [22].
Guidelines should be established over International boundaries, parti-
cularly in the case of rare disorders. This study encompasses patient
data from over 24 countries and extrapolates data from observational
studies, funded by BioMarin.

In January 2015, Hendriksz et al. published “The international
guidelines for the management of treatment of Morquio A Syndrome.”
These guidelines were developed during two meetings, by an expert
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panel of specialists in multiple fields including; pediatrics, cardiology,
genetics, pulmonology, cardiology, and anesthetics [23]. The initial
guidelines address the diagnosis of MPS IVA, which is beyond the scope
of this paper. The final section of the guidelines address the manage-
ment of this disorder. ERT is recommended as soon as the diagnosis has
been confirmed as this treatment has shown effective in improving
endurance and respiratory function. Baseline and follow-up assessments
should be performed, but there is no mention of how long treatment
should be continued if it is not initially effective. All patients should
also receive a comprehensive multisystem evaluation of physical
manifestations of the disease, and the disease burden should be per-
formed just after initial diagnosis. Symptom-based disease management
should continue. Every patient with MPS IVA should also receive a
regular assessment of fine motor skills. In addition, an assessment of
gastrointestinal problems and ocular abnormalities should be part of a
basic physical exam performed at every visit. Audiological assessments
should be conducted on an annual basis. ERT was the only therapeutic
option considered in these guidelines.

In December 2015, The National Institute for Health Care and
Excellence (NICE) in the U.K. published “Elosulfase alfa for treating
Mucopolysaccharidosis type IVA,” that gave an economic assessment
for the treatment of MPS IVA with ERT. The assessment recommended
ERT for all patients of any age, by intravenous infusion over a 4-h
period once a week. The recommended dosage was 2 mg/kg [24]. This
assessment utilized data on efficacy generated by the company that
manufactures the drug, BioMarin. The evidence review group (ERG)
noted statistically significant improvement in the six-minute walk test
(6MWT) despite a limited number of samples and short duration of the
trial. The review group recommended this treatment even though pla-
cebo effects were not taken into full account, and the respiratory and
cardiac complications, which are the key drivers of mortality in pa-
tients, did not appear to be reduced by the treatment. Orthopedic sur-
gery was considered as part of holistic and palliative treatment; how-
ever, the clinical trials did not report sufficient evidence of surgical
outcomes. The committee did conclude that benefits of elosulfase alfa
treatment likely were not adequately captured in such clinical trials.
Thus, long-term outcomes in MPS IVA patients remain elusive [24].
Patients were recommended to start this treatment if they had a con-
firmed minimal enzymatic test, and elevated keratan sulfate (KS) levels.
If over the age of 5, patients should have a full set of baseline assess-
ments. ERT should be stopped if the patient is noncompliant with
continued assessments for efficacy and recommended therapy, is unable
to tolerate the infusion as determined by severe adverse effects, or fails
to show improvement in the first year of treatment as defined by the list
of naive responder criteria. In addition, patients who are currently
under treatment must continue to fulfill 4 out of 5 of the measures of
efficacy and improvement. These criteria include; 1, the 6MWT score
remaining at least 5% above baseline value; 2, lung capacity remaining
2% or more above baseline; 3, urinary KS values remaining reduced by
at least 20% of baseline value; 4, no adverse change in quality of life
(QOL); 5, Beck depression score and adolescent pediatric pain score and
a decline in the ejection fraction of < 10% from the initial baseline.
Patients who are diagnosed with an additional progressive life-limiting
condition such as a lung capacity of < 0.31, or patients who are un-
willing to comply with monitoring and assessment criteria are not eli-
gible to begin treatment [24].

In 2017, Kahn et al. published “Mucopolysaccharidosis IVA and
glycosaminoglycans.” Therapy management included ERT, HSCT, and
symptomatic surgeries including the newly designed tracheal re-
constructive surgery. ERT, approved since 2014, is considered the ty-
pical gold standard of treatment; however, there is little evidence to
suggest that such treatment has any effect on bone growth and joint
laxity. HSCT was approved and insured for most MPS disorders in-
cluding MPS IVA in Japan in 1995, after it was shown to cause ame-
lioration of advanced respiratory malfunction, increased ADL, and de-
creased GAG concentration; however, this treatment has risk of adverse
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effects and limited efficacy on existing skeletal dysplasia. HSCT should
be performed in selected cases with young patients after careful pre-
transplantation counseling, and clinical evaluation has been conducted.
The guidelines and management strategies discussed were written by an
International panel of specialists and was supported by both the
National Institutes of Health (NIH) and the International Morquio
Organization [25].

In March 2018, Finnigan et al. evaluated the efficacy of ERT in the
study “Home infusion with Elosulfase alpha in a UK pediatric setting.”
While this study did not investigate options other than ERT treatment,
they did suggest a course of action which would combat the lengthy,
invasive difficulties faced by patients receiving in-hospital weekly in-
travenous infusions, which typically last 4-5h each. Finnigan and
colleagues suggest that if guidelines are in place including; appro-
priately trained staff who can provide a weekly report, patients and
homecare staff regular contact with the hospital, and appropriate ve-
nous access at home, significant benefits to the patients and caregivers
can be provided. In addition to increased QOL for the patient and fa-
mily, they found that home treatment also provides a significant cost
reduction (although this is specific to treatment under UK tax laws)
[26].

2.5. Mucopolysaccharidosis type VI (MPS VI)

The first management guidelines for MPS VI, “Management guide-
lines for mucopolysaccharidosis VI,” were established in 2007 and were
published by Giugliani et al. The purpose of this guideline was to
provide an Internationally applicable overview for assessment, man-
agement, and treatment of MPS VI [27]. Unlike many guidelines, this
guideline not only included physicians but also experts in biochemistry
and genetics. The molecular correlations with disease severity are dis-
cussed as well as treatment plans including palliative care, ERT, and
HSCT. Historically, HSCT was the only treatment available to patients.
If patients are under two years of age with the severe form of the dis-
order, HSCT can be considered as an option; however, HSCT data
showed worsening of several side effects over time particularly corneal
clouding. In addition, given the dangers of this treatment, including
lack of available donors and increased morbidity and mortality, ERT
should generally be considered a more viable option. While long-term
data for treatment with ERT was unavailable, it should only be con-
sidered as an alternative for HSCT for patients older than two years of
age. Additional palliative care for symptoms including ENT complica-
tions, hearing loss and sleep apnea should be conducted. The article was
sponsored by BioMarin.

In 2010, Valayannopoulos et al. published a review article
“Mucopolysaccharidosis VI” and listed ERT as the only common treat-
ment option outside of palliative care. BMT is mentioned as not re-
commended and occurring only in rare circumstances. The future of
treatment and issues that have yet to be addressed with current man-
agement are discussed [28].

The guidelines published by Giugliani et al. in 2010
“Mucopolysaccharidosis I, II, and VI: Brief review and guidelines for
treatment,” as previously described, summarizes the treatment experi-
ence for Brazilian MPS VI patients [5]. HSCT is described as an out-
dated treatment for MPS VI, whereas ERT is presented as the more fa-
vorable and less risky option for patients. ERT is recommended for all
MPS VI patients regardless of age, severity or symptoms. These guide-
lines also discuss very rare instances when ERT would not be an ap-
propriate treatment for MPS VI patients including instances where the
patient develops severe adverse effects using the enzyme.

In 2015, the Australian Government Department of Health renewed
the LSDP guidelines and application form for subsidized treatment of
MPS VI [29]. These guidelines cover the necessity for a governmental
subsidy for lifesaving treatment for rare and life-threatening conditions.
The entrance criteria for a patient with MPS VI to receive care are in-
cluded in these guidelines.
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The following year in 2016 Brunelli et al. published “Enzyme re-
placement therapy with galsulfase for mucopolysaccharidosis type VI,”
updating the efficacy and safety of treating MPS VI patients with ERT as
compared to no intervention or other interventions [30]. Conclusions
were made based on a small 24-week randomized trial and effectiveness
of ERT was measured by 12-min walk test and urinary GAG reduction.
ERT was found to have no effect on cardiac, pulmonary, liver or spleen
functions. Limitations of the study and the need for longer studies to
evaluate longer-term efficacy were discussed.

2.6. Mucopolysaccharidosis type VII (MPS VII)

Universal management and Guidelines of MPS VII have not been
established yet, although ERT and HSCT are clinically used or under
pre-clinical investigation. ERT was approved by the U.S Food and Drug
Administration (FDA) as treatment for MPS VII in November 2017 [31].
In a published phase 1/2 clinical trial, patients between the ages of 5
and 35 were found to have a significant reduction in urinary GAGs
excretion after 24 weeks of treatment and clinical improvement in
6MWT, fatigue and visual acuity [32]. Clinical trials are currently being
conducted to determine the difference in efficacy in a younger patient
group at initial treatment (< 5years of age) versus the older patient
group [32]. In 1996 a female patient underwent a BMT at 11 years of
age and was experiencing positive results two years after transplanta-
tion. In a recent retrospective study, five MPS VII patients were iden-
tified as having been treated with BMT. Two patients were deceased by
the time of the survey, and the remaining three experienced some
clinical benefit [33]. Unfortunately, the limitations of BMT including
difficulty finding appropriate donors and the continued high morbidity
and mortality have made further modifications necessary. Use of um-
bilical cord blood (UCB) as a source of stem cell is a possible and ef-
fective way of improving safety and efficacy [33].

2.7. Mucopolysaccharidosis type IX (MPS IX)

Management and Guidelines of MPS IX were not available since
only two families are known to be affected by this very rare disorder.

3. Future guidelines and development of guidelines

3.1. Determination of membership and appropriate sponsorship of
guidelines

Given the multisystem involvement that occurs in patients with
MPS, the formation of a panel for the development of guidelines re-
quires a similarly diverse group of specialists. Expert panel members
should include at a minimum; general attending pediatricians, clinical
geneticists, metabolic specialists, orthopedic surgeons, anesthesiolo-
gists, cardiologists, neurologists, basic or translational experts on the
preclinical study, governmental officials, patient care organizations and
experts on newborn screening. Members should be entirely independent
and without a stake in pharmaceutical companies that market specific
treatments for MPS. In addition, as the development of International
guidelines is ideal in the case of orphan disease, panel members should
include representatives from different nations and regions (see Fig. 1).
In the International guideline, choice of therapy should consider fea-
sibility and accessibility of therapy. In addition, risk of mortality versus
potential benefit of treatment given available data must be considered.
Fig. 2

As evidenced in this text, a collection of clinical data on a larger
scale through patient registries has been undertaken under the spon-
sorship of pharmaceutical companies. Unfortunately, this creates
known bias in the reported results on efficacy and recommendations of
treatment. Therefore, non-profit organizations or governmental agen-
cies should exclusively sponsor the development of such guidelines.
These organizations can include National societies, expert societies, and
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Fig. 2. Flow of organization for the development of expert guidelines for care in
orphan diseases.

International organizations. Examples of such appropriate sponsors
include the LSDP in Australia, the Brazilian Health Ministry, and the
Health, Labor and Welfare Ministry in Japan [8-10,13,15,24].

3.2. Difficulties with current guidelines

MPS are a group of rare lysosomal storage diseases with the most
common type of MPS occurring in approximately 0.31 to 0.71 per
100,000 live births [5,35,36,38]. Therefore, systematic reviews with
MPS are limited in regards to the number of patients, resulting in in-
sufficient and potentially inaccurate data [1,5]. It is an unmet challenge
to collect systematic clinical data at both National and International
levels. To resolve this issue, the establishment of an international re-
gistration system for each type of MPS is required. Currently, most
registries are sponsored by pharmaceutical companies; however, access
to the registry is restricted to the consultant doctors or panel members
supported by the companies. In addition, different registries supported
by different companies could be present, and it is very hard to exchange
the data between registries. Thus, the registry data should also be es-
tablished and exchanged independent of pharmaceutical companies.

3.3. Proposed future guidelines

The increased efficacy and reduced danger from certain treatments
for MPS, including HSCT and ERT, allow for new opportunities for
patients. Despite these advances, there is no curative treatment for any
type of MPS disorder. Intravenous ERT shows poor efficacy in neural
degeneration and avascular bone lesions. In addition, this treatment is
very expensive ($250,000 to over $500,000 per year per patient) [39]
and typically requires weekly or biweekly injections causing incon-
venience for patients and their caregivers. To overcome these delivery
limitations, intrathecal (IT) or intracerebral injection of the enzyme and
modification of the enzyme to increase the affinity to bone and brain
lesions has and continues to be investigated [32,40,41] although IT-
ERTs for MPS [, II, IIIB, and IIIA have either not been approved or
discontinued [40,41].

The major concern of HSCT is the risk of fatality of the procedure,
which is highly dependent on the techniques used and skills of the
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surgical team. However, being a single treatment, it is much more cost
effective and easier to administer than ERT. New studies which provide
evidence for the greater efficacy of this treatment have caused this to be
a viable option for certain MPS disorders, most recently in the guide-
lines for treatment of MPS II in Brazil and Japan. In addition, many
novel treatments including substrate reduction therapy (SRT), phar-
macological chaperone therapy(PCT), gene therapy (GT)and genome
editing [40,41] are under clinical trials or under pre-clinical develop-
ment.

With the increase of new treatments, new evidence that suggests
preemptive treatment can lead to greater efficacy rates and, new
guidelines for MPS disorders need to be developed. These guidelines
will allow clinicians to determine what treatment is optimal for each
patient. Choice of treatment should be determined, based on a total
assessment of the patient including age at diagnosis, age at initial
treatment, clinical severity, prognosis, involvement or likely future in-
volvement of the CNS and bone lesions, feasibility and availability to
access of treatment, risk/benefit, and cost-performance. Guidelines
should clearly identify benefits and pitfalls of each treatment option to
enable physicians to choose the best option for individual patients.

In addition, the establishment of live newborn screening (NBS)
should change the guidelines, as this will allow early identification and
preemptive treatment. Accurate prognosis is critical before treatment
starts, which requires the efforts of identification of specific genetic
mutations. It is critical to collect longitudinal clinical data through an
International registry of MPS patients the results of which can allow
identification of biomarkers that can predict clinical phenotype. To
generate unbiased guidelines, pharmaceutical companies should not be
directly involved in developing guidelines. Panel members in various
fields must be able to declare no conflict of interest and should be ap-
pointed independent of pharmaceutical companies. Ideally, govern-
mental regulatory agents should also be involved throughout the pro-
cess of development.

4. Conclusions

Historically, there were few treatment options for MPS, and patients
were treated from an individual and system based approach. With the
advent of new therapies, management and treatment of MPS disorders
are more optimistic. An organized, early approach is critical for the
most significant efficacy of treatment. Establishment of standard
guidelines is necessary to choose optimal treatment for each patient.
Many guidelines have been established with the support of profitable
companies; however, future guidelines should be established in-
dependent of pharmaceutical companies. Guidelines should be based on
longitudinal, clinical data, along with natural history and therapeutic
efficacy. New guidelines established independently for the treatment of
MPS II in both Japan and Brazil show movement in a positive direction
with inclusion of treatment limitations and up to date therapies. From
this point of view, an accessible registration system administered by a
non-profit organization, government or society is critical. The colla-
boration of government, patients, and academic societies at an
International level is required to establish such a registration system
with unbiased guidelines.
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