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A B S T R A C T

Background: Mucopolysaccharidoses (MPS) are a group of lysosomal storage disorders, leading to the pro-
gressive accumulation of glycosaminoglycans (GAGs) and the subsequent compromising of tissues and organ
malfunction. Although incurable, most types of MPS can be treated with enzyme replacement therapy (ERT), an
approach that has had positive effects on the natural clinical evolution and which impact has been extensively
investigated. Unfortunately, to date, there is relatively little data regarding the effects of ERT interruption,
especially in Latin America, where such interruption may be frequent due to a variety of issues (for instance,
difficulties involving logistics, reimbursement and/or payment withdrawal).
Method: A group of medical professionals from Latin America with experience in Genetics, Pediatrics and
Neurology held an Advisory Board Meeting in the city of São Paulo, in October 2018, to discuss the issue of ERT
interruptions in the region and recommendations health care professionals on how to deal with these inter-
ruptions and better assess the therapeutic effects of ERT.
Conclusion: Recommendations provided by the experts may support physicians in dealing with the most
common reasons for ERT interruptions in Latin America. Most importantly, recommendations for data collection
at specific timepoints (at baseline, throughout the treatment and during the interruption period of ERT and after
its resumption) can significantly improve the collection of real world evidence on the effects of ERT and its
interruptions, supporting health care professionals and policy makers in the decision making regarding the
provision of these therapies for MPS patients.

1. Introduction

Mucopolysaccharidoses (MPS) are genetic disorders caused by

specific lysosomal enzyme deficiencies, leading to the accumulation of
glycosaminoglycans (GAGs) in the extracellular matrix and cells, and
subsequently compromising tissues and leading to organ malfunction
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[1–3]. Currently, MPS are categorized in eleven subtypes in accordance
with the specific lysosomal enzyme affected, leading to variable phe-
notype, severity and progression patterns among MPS types or even
among patients with the same type of MPS due to the causative mu-
tation and the level of residual enzymes [4–6].

The accumulation of GAGs affects various tissues, causing visual and
auditory deficits, hepatosplenomegaly, spinal cord compression, and
respiratory problems, with an increased frequency of upper airway in-
fections, cardiac involvement, cognitive impairment leading to shor-
tened life expectancy [7]. Treatment strategies have been developed to
slow the disease progression induced by the accumulation of GAGs,
including enzyme replacement therapy (ERT), gene therapy, small
molecule therapies, and organ/cell transplantation. ERT is commer-
cially available for MPS types I, II, IVA, VI and VII and requires weekly
intravenous infusions of the recombinant enzyme, lasting three to four
hours depending on the enzyme and its dosing regimen [8].

Registries and follow-up studies have indicated that, in spite of the
differences and similarities across the MPS types, ERT has generally led
to a reduction of urinary GAGs and organomegaly, an improvement of
joint mobility, a reduction of airway infections, improved respiratory
and cardiac functions, an enhancement in endurance and resistance, an
improvement in visual acuity and a better quality of life [8–11]. In
addition, studies with affected siblings have demonstrated that the
earlier ERT is started the greater the clinical benefits will be in mor-
phology, clinical manifestations and quality of life [12,13].

Data on the effects of ERT interruption in MPS are scarce, but point
out to worsening of visceromegaly, respiratory function and walking
capacity [14–17]. Despite of the evidence of the overall therapeutic
benefit of ERT in MPS, access to these medications is challenged in
some regions such as Latin America due to changes in health policies or
reimbursement issues, with many patients facing frequent dis-
continuations in their therapy. In this scenario, high quality doc-
umentation of the disease status before the initiation of ERT, during
ERT and after its discontinuation is critical to better appreciate the
potential therapeutic benefits of this health technology in the real world
setting, as well as the potential medical and economic consequences of
the frequent discontinuations of its delivery to patients. To address this
need, the present work provides expert-based recommendations on the
medical follow-up of MPS patients during ERT treatment and following
its interruption.

2. Methods

A group of Latin America medical experts in Genetics, Pediatrics and
Neurology held an Advisory Board Meeting in São Paulo, Brazil, in
October 2018. The meeting was sponsored by BioMarin. At the meeting,
the experts reviewed the results of a survey about the main effects of
ERT interruption they had completed, presented the articles on the
issue and shared their perspectives on ERT interruption in their coun-
tries: the common reasons of interruption, the influence of the burden
of infusions, the pros and cons of the home-based infusions, the ther-
apeutic benefit of ERT, disease progression following ERT dis-
continuation and their recommendations of patient follow up. The key
takeaways are summarized in the present work.

3. Effects of ERT on cardinal manifestations of MPS

The majority of the studies have pointed to beneficial effects of ERT
on the reduction of urinary GAGs concentration in 3 to 6 months after
the initiation of ERT [18–25]. Also, ERT positively impacts liver and
spleen volumes, facilitating respiratory movements and improving the
respiratory capacity of the patients [8].

ERT is effective in improving endurance measured by the 6-min
walk test (6MWT) [29] in all the treatable types of MPS after short-term
treatment. Collectively, the studies have reported that this improve-
ment is limited after long-term ERT treatment [18,26]. Overall, the

effects of ERT on bone abnormalities are minimal [20,27,28] possibly
due to the inadequate distribution of the ERT molecules in this tissue
[11,29]. Regarding pain control, studies have highlighted that ERT has
had successful achievements in patients with MPS types I, II, IVA and
VI.

Cardiac problems (especially valve disease) are common in MPS.
The effects of ERT on the cardiovascular system may be dependent on
the age ERT initiated and duration of ERT but mainly on the MPS type.
Overall, it seems that ERT does not ameliorate the valve compromise
[30–32], while there might be improvements in cardiac hypertrophy
and remodeling. As summarized by Safary and colleagues [33], ERT has
a poor biodistribution in hard-to-reach tissues. In this sense, blood-
ocular and blood-brain barriers are the main obstacles to the ideal
concentration of ERT molecules in the eyes and central nervous system.

Regardless of medical benefits, severe adverse effects have also been
described, with the rare occurrence of life-threatening anaphylaxis
[29]. Thus, desensitization protocols, which can avoid ERT interrup-
tion, have successfully been proposed [34,35]. Importantly, another
drawback in ERT for MPS is the inability of the ERT molecules to cross
the blood brain barrier, being much less effective in treating the ac-
cumulation of GAGs in the central nervous system [10,11].

3.1. Effects of ERT on cardinal manifestations of MPS I

MPS I presented with a broad spectrum of phenotypes. The most
severe form of the disease –so-called Hurler syndrome, is characterized
by cardiac and respiratory problems, facial and skeletal dysmorphism,
intellectual impairments and a shorter lifespan [36]. The intermediate
form (Hurler-Scheie syndrome) has similar somatic manifestations with
mild or no cognitive impairment; the attenuated form (Scheie syn-
drome) has a slower progression with normal intelligence and lifespan
[37].

It has been reported that ERT for 25 weeks reduced the hepatos-
plenomegaly in 10 patients with MPS I [38]. The same authors have
verified that this ERT regime also promoted increase in growth in six
prepubertal patients, decrease in joint stiffness and reduction of the
number of episodes of apnea and hypopnea during sleep. All of these
outcomes were concurrently to a reduction in urinary glycosami-
noglycan excretion decreased after 3 to 4 weeks of treatment.

In patients with MPS I (Hurler subtype), progressive involvement of
the CNS and somatic complication contribute to shorten lifespan within
the first decade of life [4]. ERT was able to increase the lifespan from
6.4 years (untreated control group) to 9 years. However, such effect was
exclusively observed in patients who started ERT prior to age 3 years
[39].

Still regarding CNS involvement, as the ERT does not cross the
blood-brain-barrier, the effects of this treatment on the brain are lim-
ited. In fact, such limited effect of ERT is particularly important for
severe forms of MPS I and II. Currently, the initiation of ERT is a sub-
jective of debate. The healthcare professionals recommend that ERT
must be started in all patients who do not have a more effective
treatment [8].

3.2. Effects of ERT on cardinal manifestations of MPS II

Different from the other types o MPS, MPS II is a X-linked recessive
disorder that leads to deficiency in iduronate sulfatase, thus promoting
the accumulation of chondroitin sulfate B (dermatan sulfate) and he-
paritin sulfate (heparan sulfate) in tissues and organs [40]. As MPS I,
MPS II is also multisystem disorder, affecting respiratory tract, skeletal
deformities, cardiomyopathy and frequently cognitive impairment
[40]. For MPS II, clinical phenotype was divided into two main sub-
groups, dependent on the presence (severe) or absence (mild, now
termed attenuated) of neurological impairment [41].

The weekly administration of idursulfase in ten Japanese male pa-
tients reduced glycosaminoglycan urinary excretion and
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hepatosplenomegaly. Patients also showed a better performance in the
6MWT and had improvement in the percent predicted forced vital ca-
pacity, left ventricular mass index and several joint range of motions
[32]. These authors also verified an increase in the sleep study oxygen
desaturation index.

The effects of idursulfase on visual disorders are limited because the
enzyme does not cross the blood-brain barrier and may also not cross
the blood-retinal barrier. However, Yamanishi and colleagues [43] have
reported a case in which ERT improved visual acuity and visual fields of
the patient. The author proposed that beneficial effects of ERT are re-
lated to a recovery of optic nerve function, which is outside blood-brain
barrier.

3.3. Effects of ERT on cardinal manifestations of MPS IVA

MPS IVA is caused by a deficiency in N-acetyl-galactosamine-6-
sulfatase enzyme, leading to the accumulation of keratan sulfate (KS)
and chondroitin-6-sulfate (C6S) within lysosomes, as well as the ex-
tracellular matrix (ECM) of various tissues [44]. The disease is char-
acterized by progressive multi-level airway obstruction, musculoske-
letal abnormalities, coarse features, neurological compromise, ocular,
dental, auditory and valvular cardiac corollaries [45].

Kenth and colleagues [46] verified a reduction in static spirometry
values in all subjects, as well as cardiorespiratory function as assessed
by the 6MWT, with the decline being delayed in the ERT group. Ad-
ditionally, respiratory function was improved in oximetry measures and
other procedures to improve respiratory function (such as non-invasive
ventilation and adenotonsillectomy) were more effective in the ERT-
treated patients, either improving pulmonary function or attenuating
deterioration. In general, the performance of patients with MPS IVA is
limited due to their hypermobile joints, differently from other forms of
MPS.

ERT was effective in stabilizing cardiac hypertrophy in patients with
MPS IVA Taiwanese patients who had cardiac hypertrophy, aortic di-
latation, increased thickness of the interventricular septum, normal
systolic function, and mildly valvular heart disease. Consistently with
previous data, better outcomes were obtained when ERT started at a
younger age [47].

Bone pathology is a main concern in patients with MPS IVA and the
heterogeneity of phenotypes may hamper the evaluation of ERT effects.
Again, the sooner ERT starts, the better outcomes are achieved [48].
ERT seemed to be effective in increasing the height of patients during
the first year of the ERT, but no more height gain was observed after
18 months. Bone deformities are less affected by ERT and patients
usually require decompression surgery for treating medullar cervical
spine compression [49].

3.4. Effects of ERT on cardinal manifestations of MPS VI

MPS VI, or Maroteaux-Lamy syndrome, is caused by deficient ly-
sosomal enzyme N-acetylgalactosamine-4-sulfatase or arylsulfatase B,
resulting in coarse facial features, skeletal and joint abnormalities, short
stature, cardiorespiratory disease, spinal cord compression, hepatos-
plenomegaly, impaired vision, and hearing loss [50].

ERT with galsulfase improved endurance (by increasing distance
walked in both 6MWT and 12MWT and climbed steps in the 3MSCT),
increased pulmonary function as both vital capacity and forced ex-
piratory volume were improved [51].

Kampmann et al. [52] showed the impact of ERT on cardiac func-
tioning in MPS VI patients with abnormal echocardiographic findings
before and after the onset of ERT, suggesting an improvement of con-
centric left ventricle (LV) remodeling and LV hypertrophy, stabilization
of LV overload, pulmonary hypertension and valvular structure and
function. Despite the late onset (a mean age of 14.6 years) of treatment,
ERT appeared to improve or arrest the progression of LV remodeling
and LV hypertrophy and suspend the progression of cardiac valve

disease.
Patients with MPS VI are commonly subjected to pain due to bone

disease and spin compression. In fact, a phase II trial of ERT in ten MPS
VI patients reported decreased VAS-scores (visual analogue scale) of
pain on the CHAQ (childhood health assessment questionnaire) scale by
the end of a 24-week window of treatment [51]. Recently, a long-term
evaluation of ERT in MPS VI patients demonstrated that joint pain and
stiffness questionnaire scores improved 21% [54].

4. Effects of ERT interruption

Clear, specific medical criteria for ERT discontinuation are not
available; however, there are a few reports of the effects of ERT inter-
ruption in clinical parameters and performance. The report from Anbu
and colleagues [14] about a patient with MPS I who interrupted ERT
due to pregnancy after deriving benefitfrom therapy on vital capacity
and performance in the 6MWT as well as reversal of hepatomegaly and
decrease in urinary GAGs describes clinical deterioration 24 months
after discontinuation; however, the authors do not discard the potential
role of pregnancy in the loss of beneficial effects of ERT. Wegrzyn et al.
[15] described the effects of ERT interruption on a MPS I patient. Six-
teen months of ERT had promoted normalization of urinary GAG levels,
decreased sizes of the liver, spleen and tongue, and disappearance of
diarrhea events within a few weeks. These effects were accompanied by
an improvement of obstructive sleep apnea and enhanced distance
covered in the 6MWT. The ERT was then discontinued over two months
(reason not mentioned). The patient experienced a robust hepatome-
galy (more pronounced than before the ERT), tongue enlargement,
frequent diarrhea events and frequent respiratory events. Importantly,
upon ERT resuming, some parameters did not improve (such as diar-
rhea and obstructive sleep apnea). Two series of five cases discussed not
only the impact of ERT interruption on the cardinal signs of MPS but
also the worsening of some signs [16,17]. Recurrent respiratory infec-
tions (such as severe pneumonia) with respiratory insufficiency were
the most frequently found problems in these patients, followed by dif-
ficulty with walking/standing. The authors have made some remarks:
first, ERT interruption can lead to the loss of the beneficial effects ob-
tained by the patients and, in some circumstances, the abrupt with-
drawal of ERT significantly worsened the clinical evolution of the pa-
tient, especially if the interruptions were for more than two months.
Second, resuming the ERT did not seem to fully reverse the clinical
decline caused by the discontinuation of the therapy. Within this con-
text, patients and their caregivers must be aware of this before starting
ERT [17].

So far, the mechanism for this rapid deterioration in some patients
after the interruption of ERT has still yet to be fully understood. It has
been proposed that the general GAG turnover in the organism in un-
treated MPS patients. More specifically, GAGs synthesis is inhibited due
to the accumulation of these compounds as an autoregulation phe-
nomenon developed with progression of the disease. When starting on
ERT, there is a decrease in accumulated GAG compounds, which would
then reverse the inhibition of GAG synthesis. Thus, sudden interruption
of ERT would lead to a significantly delayed response of the regulatory
systems responsible for impairment of GAG synthesis. As a con-
sequence, a more rapid accumulation of GAGs would be seen in com-
parison with the natural state prior to implementation of ERT.

5. Recommendations following ERT interruption in real LIFE

The experts shared their experience with ERT interruptions in Latin
America. In the region, most interruptions are prompted by non-med-
ical circumstances, mainly financial or reimbursement issues. The ex-
perts are firm in defending that decisions regarding interruption or
resumption of ERT should essentially rely on a strong doctor-patient
relationship based on ethics and scientific evidence. The Table 1 lists
the most common behind ERT interruption in Latin America, and the
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recommendations from the experts.

6. Proposed parameters for patient follow-up

Since data regarding the effects of the interruption of ERT among
MPS patients is limited, the panel of experts considered that estab-
lishing a baseline evaluation of the patients is of critical importance.
Initially, due to the nature of the disease, its varying severity and the
patient's age at the time of diagnosis and initiation of the treatment,
each patient responds differently to the ERT. Even though the inter-
national registers may provide information regarding the natural course
of the disease and the long-term effects of ERT, the response to inter-
ruption of ERT is individual, thus requiring a personalized approach.

Another important issue is the length of time the ERT is interrupted
for. As described by Jurecka et al. [16,17], when the interruption of
ERT is longer than two months, some clinical deterioration may not be
reverted after resumption of ERT. Then again, the patient's evaluation
over the entire period of time, using the same parameters, can draw a
picture of the tangible impact of the interruption of ERT.

The panel of experts endorsed a recommendation for a minimal
schedule able to reveal the initial status of the patient before the ERT,
the evolution throughout the treatment and the impact of interrupting
and resuming ERT, as summarized in Table 2. Ideally, the evaluation
should be performed annually or semiannually. If ERT is interrupted,
the evaluation should be performed before resumption of the ERT and
repeated six or twelve months after the interruption. The experts re-
commended a minimal set of assessments, which can facilitate the
collection of data and the possibility of analyzing data as a whole,
thereby improving the reliability of the information obtained.

7. Conclusion

The expert panel was convened with the aim of studying the impact
of an interruption in ERT on patients with MPS and providing re-
commendations for healthcare professionals on how to deal with this
issue in Latin America, which is usually prompted by access and re-
imbursement barriers. Within this context, the period of ERT inter-
ruption and its impact on patient evolution should be systematically
approached. Thus, structured follow-up and data collection from these
patients are vital to advocate for better access to ERT and to improve
patient management and individual treatment decisions on main-
tenance or discontinuation. Further discussions should be held among
experts, and studies in this area should be encouraged, especially with
real world data, for a better understanding of the value of ERT for MPS
patients in the region.
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Table 1
Most common scenarios leading to ERT interruption in Latin American MPS patients.

Scenario Description Recommendations

Request from patient or caregiver Patients and/or caregivers question the
advantages vs. disadvantages of receiving life-
long weekly ERT.

Experts recommend that the decision to discontinue ERT must
always be analyzed on a case-by-case basis, considering the severity
of the patient's disease as well as the patient's preferences.

ERT is interrupted due to life-threatening side effects ERT can lead to infusion-induced reactions. Specialists can recommend additional prophylactic drugs prior
infusions and consider desensitization protocols.

MPS patients with severe cognitive impairment or
progressive cognitive decline

ERT has limited effectiveness in patients with
severe cognitive impairment due to restricted
access to the blood brain barrier.

Interruption of ERT may be recommended in agreement with the
patient's caregivers.

Interruption of ERT due to logistics Patients may have interrupted ERT due to
hampered mobility.

In regions where home-based ERT is feasible and safe, experts
recommend it in order to improve the quality of life of patients.

Interruption of ERT due to reimbursement issues and/
or difficulty in obtaining high-cost treatment from
the health system

This is the most frequent reason for the
interruption of ERT in Latin America.

Physicians and health professionals should reinforce the rationale for
ERT based on scientific evidence and enhance the quality of the
medical records to generate reliable real-world evidence. The
medical community should function as a trusted advisor of patients,
caregivers and patient advocacy groups in their interactions with the
regional policy makers in the area of MPS/rare diseases.

Table 2
Minimal parameters recommended for assessment at baseline (immediately
prior to initiating ERT), throughout ERT and after its interruption or resump-
tion in patients with MPS.

Clinical evaluation

Medical history for monitoring infection frequency during the follow-up consultation
Urinary glycosaminoglycans (GAGs)
Organomegaly (abdominal echography)
Echocardiogram
Spinal cord compression evaluation
6-MWT and forced vital capacity
Joint mobility evaluation
Audiometry
Visual evaluation
Evaluation of pain with suitable questionnaires
Evaluation of quality of life with suitable questionnaires
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