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Abstract

Background: Mucopolysaccharidosis IVA (MPS IVA), or Morquio A syndrome, is a rare inherited metabolic disorder
caused by deficiency of the lysosomal enzyme N-acetylgalactosamine-6-sulfatase. A progressive systemic skeletal
chondrodysplasia, leading to significant morbidity and reduced life expectancy is the main clinical feature of this
multisystemic disease. Although enzyme replacement therapy with elosulfase alfa is established in Europe, the rarity
of disease and other factors still set hurdles in having patients treated in some countries. Aim of this statement is to
provide evidence-based guidance for the enzyme replacement treatment of Morquio A patients, harmonizing recom-
mendations from published guidelines with the real-life clinical practice in the Central and South-Eastern European
region.

Participants: The Consensus Group, convened by 8 Steering Committee (SC) members from 7 Central and South-
Eastern European countries, consisted of a multidisciplinary group of 17 experts in the management of MPS in Central
and South-Eastern Europe.

Consensus process: The SC met in a first virtual meeting with an external scientific coordinator, to discuss on clinical
issues to be analyzed in guidance statements. Statements were developed by the scientific coordinator, evaluated by
the SC members in a first modified-Delphi voting and adapted accordingly, to be submitted to the widest audience
in the Consensus Conference. Following discussion and further modifications, all participants contributed to a second
round of modified-Delphi voting.

Results: Nine of ten statements, concerning general guidelines for management of MPS IVA patients and specific
recommendations for treatment, received final consensus.

Conclusions: European guidelines and evidence-based recommendations for Morquio A patients should be
considered in the real life of Central and South-Eastern European countries and adapted to unique clinical practice
approaches and criteria for patients’access to treatment and reimbursement in the region.
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Background

Mucopolysaccharidosis IVA, or Morquio A syndrome,
is caused by defects in the enzyme N-acetylgalactosa-
mine-6-sulfate sulfatase (GALNS), leading to abnormal
accumulation of keratansulfate (KS) and chondroitin-
6-sulfate (C6S) in multiple tissues, mainly bone, cartilage,
heart valves, and cornea [1]. Clinically, MPS IVA causes
systemic skeletal spondyloepiphyseal dysplasia, through
excessive storage of KS undegraded products in the carti-
lage. Peculiar clinical features derive from the disruption
of cartilage, probably due to abnormal chondrogenesis
and/or endochondral ossification and typically include
a marked short stature, odontoid hypoplasia, protrusion
of the chest, kyphoscoliosis, platyspondyly, coxa valga,
abnormal gait, and laxity of joints. These clinical features,
with preservation of intelligence, distinguish Morquio
A from other types of MPS [2]. Other potential compli-
cations include pulmonary impairment, valvular heart
disease, hearing loss, hepatomegaly, fine corneal cloud-
ing, coarse facial features, and widely spaced teeth with
abnormally thin enamel and frequent caries [3]. Due to
allelic heterogeneities in the GALNS gene, MPS IVA
manifests across a broad spectrum of phenotypes, rang-
ing from severe or ‘classical’ forms, characterized by early
clinical manifestations (before 1 year of age) and rapid
progression of musculoskeletal symptoms, to a later
onset and slowly progressing ‘mild’ disease, character-
ized by less significant bone involvement (‘non-classic’
disease) [4]. An intermediate form is also described, gen-
erally diagnosed between 1-5 years old. The severity of
symptoms is determined by the degree of skeletal and
joints” deterioration. Classical forms are generally preva-
lent, affecting almost 70% of individuals in the Interna-
tional Morquio Registry [5]. Although patients with
MPS IVA generally appear healthy at birth, soon skel-
etal deformities become evident and require intervention
within a few years of age [3]. Spinal cord compression
is a significant cause of morbidity for MPS IVA patients
[6], thus many patients undergo surgical interventions
in the upper cervical spine until they reach a mean age
of 10 years [5]. Lower extremities surgery is also recom-
mended in most patients, to reduce coxa valga, and genu
valgum, otherwise causing debilitating pain and early loss
of ambulation [7]. Other lower extremity impairments,
such as knee flexion and external tibial torsion, require
orthopedic surgeries to improve function and quality of
life. Knee deformity, for instance, is the most common
feature of MPS IVA in children, commonly observed at

around 3 years of age [8]. Although surgical treatment
may improve skeletal abnormalities, it generally fails to
provide long-lasting results and patients often become
severely handicapped and wheelchair bound when they
are teenagers. Average life expectancy is 20-30 years
for patients with classical disease, who usually die from
respiratory problems, cervical spinal cord complications
or heart valve disease, while individuals with mild forms
may survive through their 60 s and 70 s [5].

At present, the only etiologic treatment for Morquio
A syndrome with efficacy validated in clinical studies is
enzyme replacement therapy (ERT) [9-11]. Approved
by the FDA and EMA for the use in children and adults
with Morquio A syndrome in 2014, ERT for MPS IVA is
based on treatment with recombinant human GALNS,
or elosulfase alfa, for intravenous administration [12]. In
clinical studies, elosulfase alfa treatment led to sustained
reduction of urinary KS excretion and improvement and/
or stabilization in endurance, measured by the six-min-
utes walk test (6MWT) and the three-minutes stair climb
test (3MSCT), with a good tolerance profile [13]. Positive
effects of elosulfase alfa treatment are evident if com-
pared to natural history of disease [14—16]. The slower
progression of disease in patient treated with elosulfase
alfa also reflected in improved pulmonary function and
increased patients’ ability to perform activities of daily
living (ADL), lessening their need for caregiver assis-
tance. Other patients’ reported outcomes (PRO), such as
pain severity and quality of life (QoL), measured as the
EQ-5D-5L utility score (European Quality of Life—five
dimensions-five levels questionnaire—mobility, self-care,
usual activities, pain & discomfort, anxiety & depres-
sion), significantly improved in treated patients of differ-
ent ages [13].

Although the European guidelines for management
of MPS IVA have been published [17], their practical
application might be challenging. In fact, several gaps in
treatment accessibility recently emerged in "The Muco-
polysaccharidosis Management Physician Survey", per-
formed in 14 Southern-Eastern European countries
(Bulgaria, Croatia, Cyprus, Czech Republic, Greece,
Hungary, Lithuania, Montenegro, Poland, North Mac-
edonia, Romania, Serbia, Slovakia, Slovenia) [18]. Spe-
cifically, elosulfase alfa is not available for patients of all
ages in all countries included in the study and it is not
accessible at all in 12.5% of 16 reference centers analyzed.
Also, reimbursement is a main hurdle to treatment, as it
relies on individual patient request to health insurance
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authorities in 70% of reference centers. Thus, the survey
revealed the need for facilitation and extension of ERT
for MPS IVA to more patients. Significantly, elosulfase
alfa use in adult patients is limited compared to children
(21% of adult patients are on ERT vs. 56% of children).
Also, concerning the evaluation of important outcomes
for monitoring response to ERT in MPS IVA patients,
several inconsistencies with current European guidelines
emerged in some countries, due to organizational rea-
sons or availability of examinations. For instance, respira-
tory function is difficult to perform in almost one third of
centers. Similarly, surgery, anesthesiology and sleep stud-
ies, although considered important outcomes for moni-
toring ERT efficacy by most participants, are difficult to
perform in many centers. Also, frequency of follow-up
examinations is not standardized at a regional level and,
most importantly, only a minority of experts declared to
have a clear definition of satisfactory (or non-satisfac-
tory) response to ERT [18].

In this context, with this work we aimed to reach a con-
sensus among expert physicians in Central and South-
Eastern European countries on initiation and follow-up
of elosulfase alfa treatment in patients with MPS IVA and
provide a shared set of evidence-based guidance, with
the aim of harmonizing recommendations from current
guidelines and long term studies with real-life clinical
practice in the region.

Methods

Development of guidance statements

This consensus process is the natural continuation of
the multinational expert physicians’ survey analysis on
the state of art of MPS IVA management and treatment
in Central and South-Eastern European countries, con-
ducted between March 2020 and May 2021, that revealed
the need of improving overall disease management and
treatment accessibility in the region. A group of 8 phy-
sicians from 8 reference centers in 7 different countries,
with specific expertise in MPS care, was identified as
the Steering Committee to guide the consensus process.
All members of the SC were also involved in the previ-
ous multinational survey analysis, to maintain continu-
ity of the process. The SC met in a first Virtual Working
Group Meeting with the scientific coordinator of the
program, where they identified a list of clinical topics
to be addressed in the statement. During the workshop,
the SC shared experiences and knowledge on the topics,
addressing unique features of clinical practice in differ-
ent countries, in order to reach an agreement on inter-
ventions needed to optimize clinical approaches for MPS
IVA management and pharmacotherapy at a regional
level. Based on the discussion during the first Working
Group Meeting, guidance statements were developed
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by the scientific coordinator and sent to all members of
the SC for the first round of modified-Delphi voting. The
SC then met with the scientific coordinator in a second
virtual Working Group Meeting to refine the guidance
statements to be submitted for a second modified-Delphi
Consensus in a wider audience of experts. The scientific
coordinator led and supervised the whole process of con-
sensus, although maintaining neutrality and not partici-
pating to voting.

The program was sponsored by BioMarin Pharmaceu-
ticals. All the meetings and the SurveyMonkey voting
were organized by CD Pharma, an independent con-
sulting company, with no intervention of the sponsor in
statement development or discussion.

Consensus process

Guidance statements were first sent to all members of the
SC for consensus evaluation in a modified-Delphi survey;,
using the SurveyMonkey platform (https://it.surveymonk
ey.com). Participants expressed their level of agreement/
disagreement on each statement anonymously, using a 4-
point Likert-type scale (1 =strongly disagree, 2=some-
what disagree, 3=somewhat agree, 4=strongly agree).
The number and percentage of participants who scored
each item as 1 or 2 (disagreement), and as 3 or 4 (agree-
ment) were calculated. Consensus was defined as a sum
for agreement > 66%. All statements that achieved < 66%
of full agreement in this first voting were further dis-
cussed by the SC during the second virtual Working
Group Meeting, refined and rephrased for clarification,
and all statements were then presented to all participants
for further discussion in the Consensus Conference.
During the conference statements were discussed by all
participants and further modified. According to the Del-
phi methodology, the statements were submitted to all
participants for immediate voting, using a 2-point Lik-
ert-type scale (1 =disagree and 2=agree). In this round,
consensus was defined as a sum for agreement > 75%.

Results

A total of 11 guidance statements were initially devel-
oped by the scientific coordinator and analyzed within
the SC, based on discussion on long term studies and
current guidelines on MPS IVA management and treat-
ment. Statements were defined as “General statements’,
concerning recommendations for the initiation of ERT in
MPS IVA patients and baseline assessments to perform,
and “Specific statements’, related to continuation of treat-
ment, follow-up assessments for validation and eventual
discontinuation based on patients’ characteristics, dis-
ease related events and tolerability. After first Delphi vot-
ing among the SC, 10 statements reached large consensus
(>83%) and 1 statement achieved 66% of agreement.
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Statements were slightly modified and rephrased for
clarification and then discussed in a wider audience of
experts in the consensus conference. The discussion led
to reformulation and merge of some statements, with 9
out of 10 statements receiving final consensus. Results
presented below include the final consensus statements
and an outline of the rationale behind them.

General statements

ERT with elosulfase alfa is currently the only disease
modifying intervention approved for treatment of
patients with MPS IVA. Efficacy of elosulfase alfa on
natural history of disease has been widely demonstrated
in clinical studies. Importantly, elosulfase alfa treatment
is able to temporarily reestablish GALNS function and
increase the degradation of accumulated KS and C6S
that cause the Morquio A clinical symptoms. Accord-
ingly, elosulfase alfa treatment results in improvement
of disease related clinical outcomes, as demonstrated
by ameliorated endurance, a primary efficacy outcome,
measured as the 6MWT at 12 and 24 weeks [9]. Consid-
ering best evidence of positive effects of elosulfase alfa on
clinical and PRO measures, treatment is recommended
in the last European Guidelines.

Data on benefits of early introduction of elosulfase alfa
on disease burden are limited so far; however, consider-
ing results of clinical studies, it is reasonable to assume
that initiation of treatment as early as possible after diag-
nosis would provide positive effects on the natural his-
tory of disease [17].

Importantly, initiation of treatment should be evaluated
on an individual basis, considering benefits in relation to
disease burden for each patient. Thus, a comprehensive
evaluation of the patient is recommended, considering
disease burden, comorbidities and prognosis, also bear-
ing in mind that benefits of treatment may not be compa-
rable across all patients. In fact, the risk—benefit ratio and
the efficacy versus cost effectiveness may be uncertain,
particularly in patients with less severe disease [17, 19].

Concerning baseline and follow-up assessments to
perform during treatment, guidelines are based on evi-
dence and recommend baseline and regular follow-up
of main clinical outcomes related to disease progression
[17]. “The Mucopolysaccharidosis Management Physi-
cian Survey" also evaluated the real life of clinical eval-
uations performed in Southern and Eastern European
countries in MPS IVA patients, comparing clinical and
PRO measures included in European guidelines with
assessments considered appropriated by the multidis-
ciplinary expert board to evaluate treatment outcomes.
Most expert physicians reported that endurance, as the
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6MWT, and respiratory function examination, using
the FVC or FEV1, are considered adequate assessments
to evaluate ERT efficacy [18].

Importantly, longitudinal studies also showed that
both clinical and patient reported outcomes in response
to elosulfase alfa treatment are not influenced by path-
ogenic variants. Both endurance (6MWT), respiratory
function (as FEV1/FVC, Forced Expiratory Volume in
1 s / Force Vital Capacity) as well as ADLs remained
stable or improved in patients treated with elosul-
fase alfa, regardless of causative pathogenic variant(s)
in a population of patients in Quebec (Canada), over
12 months. The mean improvement from baseline in
the 6MWT was 23% and most patients improved in
at least one MPS-HAQ domain. Endurance and ADL
generally continued to improve or maintained stable in
the long-term follow-up (up to 7 years) [20]. Increas-
ing cardiac impairment with aging was also described
in the MorCAP study, with cardiac valve regurgitation
commonly seen in echocardiograms—tricuspid regur-
gitation in 34% of patients, mitral regurgitation in 25%,
aortic regurgitation in 19%, and pulmonary regurgita-
tion in 14% of subjects. Importantly, while aortic valve
stenosis was relatively infrequent in the younger study
population, incidence increased with age, with 16% of
adult patients presenting stenosis, compared to only
4% of patients <18 years of age [14]. Progression of
cardiac disease with aging was also observed in 4 of
19 patients in a longitudinal observational study [20].
Thus, rationale and evidence-based recommendation
of cardiac function follow-up evaluation is included in
the European guidelines [17] and it was also considered
appropriate by experts participating in “The Mucopoly-
saccharidosis Management Physician Survey" [18].

Also, stabilization in patient reported pain severity by
the BPI Short Form (BPI-SF), a standard tool to meas-
ure pain severity, pain location and the impact of pain
on daily functioning, were observed in clinical studies
at 1 year [21]. Due to overall detriment of QoL, patients
with mucopolysaccharidoses may also experience social
isolation and low self-esteem, leading to behavioral and
mental health conditions such as anxiety and depres-
sion [22]. Treatment with elosulfase alfa led to stabili-
zation of the standard Beck Depression Inventory (BDI)
score [23] below the threshold of concern, and scores
remained stable during long term follow-up [13]. Eval-
uation of disease burden indexes (PROs, EQ-5D-5L,
MPS-HAQ) was also defined important for treatment
monitoring by the large majority of experts in “The
Mucopolysaccharidosis Management Physician Survey"
[18], according to published guidelines and observa-
tional, clinical and extension studies [9, 10, 13, 17, 20,
24] (Table 1).
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Consensus %

Statement 1

100

ERT with elosulfase alfa should be available for all MPS IVA patients independent of age and genetic variant

Statement 2
Treatment with elosulfase alfa should be initiated as early as possible

Statement 3

100

100

Baseline assessments as well as regular follow-up assessments should be performed as described in the guidelines:

1. 6MWT or another appropriate test

2. uKS levels

3. pulmonary function (FVC, FEV1)

4. cardiac function (LVEF)

5.PROs

Qol: MPS-HAQ Caregivers Domain, EQ-5D-5L
Pain: Brief Pain Inventory (BPI)

Depression: Beck Depression Inventory (BDI)

Specific statements

Considering cost/effectiveness and the risk/benefits ratio
of ERT, an accurate definition of appropriate parameters
and time intervals to assess therapy efficacy and safety is
of the outmost importance. Evaluation of efficacy is also
related to the necessity of producing evidence of effec-
tiveness in some countries, to obtain renewal of treat-
ment authorization or reimbursement.

Current European guidelines recommend evaluat-
ing continuation of treatment on an individual patient
basis, with discontinuation criteria assessing the bur-
den of infusion versus benefits of treatment [17]. In fact,
infusion may represent an unbearable burden for some
patients, who may not be compliant with the treatment
schedule. In long term clinical studies, patients who
underwent orthopedic surgical procedures or were non-
compliant with the study protocol were excluded from
the study population. Non-compliance was defined as
missing >20% of ERT infusions [24]. Excluding patients
who underwent surgery is understandable in clini-
cal studies, but not for defining non-compliance in this
consensus statement. Specifically, reasons for discon-
tinuation of treatment not deriving from patients’ will
(surgeries or other severe medical conditions, problems
in drug delivery or organizational issues of the hospi-
tal) were excluded from the definition of non-compli-
ance. On the other hand, continuation of treatment has
to be accompanied by regular follow-up [17] and only
patients who adhere regularly to follow-up assessments
should be maintained on treatment. Also, the possibil-
ity of immune-related severe hypersensivity reactions
has to be considered [16, 25]. Although most anaphylaxis
events observed in clinical studies were mild to moder-
ate in severity [9, 11, 16, 24], the eventuality of severe-
life threatening AEs should be taken into account. Thus,
according to the Risk Management Plan accompanying

elosulfase alfa, ERT must be administered with the
appropriate medical support readily available and infu-
sion must be immediately stopped and emergency meas-
ures undertaken if severe AEs occur [25].

According to the group’s consensus, particular con-
sideration about initiation or continuation of treatment
should be dedicated to patients with severe phenotypes,
at a very late stage of disease. In these patients, evalua-
tion of potential benefits of ERT (possibility to improve
or stabilize a severely compromised clinical condition)
should be based on an accurate consideration of the
patient’s disease state, also weighing the infusion burden
and risk/benefit ratio [17]. This is particularly relevant for
adult patients, who often present for ERT with significant
disease burden. Accordingly, an individualized patient
approach was considered appropriate for all patients on
elosulfase alfa treatment. Specifically, discontinuation of
treatment should be considered if clinical improvement is
not observed after 3 years, as described in guidelines [17]
and recommended in statement 4. Decision for treatment
discontinuation should be taken by the physician and the
patient, based on the clinical condition and/or patient’s
will to continue treatment.

Long term evidence of elosulfase alfa effectiveness in
reducing or stabilizing clinical and patient reported out-
comes in Morquio A patients also provide rationale for
long term follow-up and continuation of treatment. In
the MAA study [13], real world data showed that mean
uKS levels rapidly diminished by 19.13-20.75% from
baseline in patients treated with elosulfase alfa and
remained stable for at least 10 years. Endurance also
improved, with an initial increase in 6MWT—mean
6MWT distance, 217.05 m at baseline, increased to
243.92 m at last follow-up—followed by a stabilization
observed for at least 4.9 years. A 10% increase from base-
line in the 6MWT (or in the timed 25-foot (7.6 m) walk,
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T25FW, a comparable score that can be measured also on
wheelchair bound patients) was the minimum require-
ment for treatment continuation. Pulmonary function
was also stable or improved over time, regardless of age
at treatment initiation, with a mean percent change in
FVC from baseline to the last measurement of 16.14%
at 5.5 years; mean FEV1 also improved by 15.59% from
baseline over the same period. Improvement in FVC or
FEV1 of>5% over baseline, or stabilization after 1 year,
was the criterion for continuation of ERT in this study.
Cardiac function, as the left ventricular ejection fraction
(LVEF) was also evaluated at baseline and last follow-
up; a slight improvement in mean LVEF was observed
and all patients had a LVEF within the normal range at
last follow-up. Importantly, a decrease of less than 10%
in the LVEF was considered as an inclusion criterion for
maintenance in treatment. PRO criteria evaluated for
follow-up were the EQ-5D-5L score or the MPS-HAQ
Caregiver Burden score, the Beck Depression Score and
the APPT/BPI pain severity score (depending on age). No
adverse change in two out of these three scores was the
minimum criterion for continuation of treatment defined
in the MAA study. According to the group’s consensus,
improvement in one of the three PRO scores was con-
sidered a sufficient condition for maintaining a patient
on treatment, considering that disease phenotypes
widely vary and improvements might be less evident in
more attenuated forms. Accordingly, improvement in at
least one clinical and one PR outcomes were considered
appropriate in consensus for validation of treatment. Val-
idation of treatment is also a main criterion for decision
of the treating physician on ERT continuation. Still, con-
sidering that improvement or stabilization of symptoms,
as defined above, could not be consistent in patients with
different disease severity, a timeframe of 3 years was con-
sidered reasonable, to maintain on treatment also those
patients showing slower improvement. If the above-
mentioned criteria of improvement are not met, the sta-
bilization of disease or a significant deceleration of its
progression should be taken into account while validating
the treatment (Table 2).

Discussion

MPS IVA is a severe and progressive disease caus-
ing extensive morbidity and early mortality, with an
estimated prevalence ranging from 1 in 76,000 to 1 in
640,000 live births [26]. As for all rare diseases, despite
established clinical guidelines, Morquio A still repre-
sents a significant unmet medical need, mainly due to
poor awareness of disease management and specific
patients’ needs in the health care systems. Particularly,
with progress in care and implementation of ERT in
last years, age of patients with Morquio A significantly
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increased, thus the issue of transition of patients to adult
care became clinically relevant and novel arguments on
management of these patients emerged [27, 28]. “The
Mucopolysaccharidosis Management Physician Survey"
recently described the real life of MPS IVA management
in Central and South-Eastern Europe, outlining a posi-
tive picture for disease management in the region, while
revealing critical hurdles to ERT accessibility, particularly
for adult patients, as well as several inconsistencies in fol-
low-up implementation [18]. In this context, this consen-
sus statement aims to provide a set of clinical guidelines
for treatment and follow-up of Morquio A patients in
Central and South-Eastern European countries, to opti-
mize clinical practice, align to widely shared recommen-
dations and improve care.

The discussion was a main opportunity for sharing
different positions coming from main reference centers
for MPS in different countries, comparing real life man-
agement and analyzing pros and cons of diverse clinical
practice approaches. As a result, the consensus process
had a highly informative role, providing a wide audience
with the opportunity of considering best clinical prac-
tices not fully implemented in all countries and evaluate
them in real-life settings. All guidance statements were
initially developed by the scientific coordinator and then
rephrased and fine-tuned exclusively by the SC, based on
evidence, expert opinion and published guidelines, with-
out any influence from the sponsor. Moreover, the whole
consensus process was managed by an independent com-
munication agency, to maintain editorial independence
from the sponsor. Experts were enrolled based on their
expertise in management of Morquio A. Particularly, as
Morquio A is a complex multisystemic disease, physi-
cians with diverse medical education were invited for
modified-Delphi voting. Thus, our methodology pro-
vides reliability and strength to the consensus process,
due to the diverse medical background and geographic
localization of the SC members and expert audience. The
anonymous voting method confers credibility to the sur-
veys and ensures that voting decisions were taken inde-
pendently, without biases, in accordance with the Delphi
methodology [29]. Further validating the methodology
for consensus, all statements proposed by the scientific
coordinator reached consensus after a first voting round
within the SC, confirming the adequacy of clinical topics
discussed.

Importantly, this consensus statement derives from
merging best evidence, clinical guidelines and the real life
clinical practice in the Central and South-Eastern Euro-
pean region. Discussion mainly focused on region-spe-
cific unmet medical needs, the availability of treatment
and follow-up assessments in different countries and
the necessity to provide validation of treatment efficacy
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Consensus %

Statement 4

100

To continue treatment, patients must show improvements or stabilization of disease as measured by clinical scales,

laboratory markers, and patient-reported outcomes

Validation of treatment should be shown in at least 1 clinical and 1 patient-reported outcome (a and b):

a) clinical

Improvement in 6MWT distance or the timed 25-foot (7.6 m) walk (T25FW) of > 10% over baseline or stabilization

after 10% improvement

Any improvement in FVC or FEV1 over baseline or stabilization after 1 year

Decline in LVEF < 10% from baseline or stabilization after 1 year
Decline of ukS of > 20% from baseline
b) PROs
no adverse change in numerical value of 1 out of 3 of the following:
Eg-5D-5L OR MPS-HAQ
Beck Depression Score (> 13 yrs)
BPI pain severity score

Statement 5

Due to the clearly defined baseline, follow-up assessments and the definition of “stabilization and improvement” (see
statement 4), all adult patients with MPS IVA should have early access to treatment with elosulfase alfa

Statement 6

18

(this statement was not
approved as it was considered
redundant)

100

In patients with MPS IVA in a very advanced stage of disease, treatment of elosulfase alfa must be discussed individu-

ally
Statement 7

94

Treatment with elosulfase alfa in MPS IVA patients could be stopped if stabilization or improvement (as described in
statement 4) is not fulfilled after 3 years of treatment or upon physician or patient decision

Statement 8

100

Treatment with elosulfase alfa in MPS IVA patients should be stopped if severe unmanageable infusion related reac-

tions or an additional life-threatening disease occur
Statement 9

100

Treatment with elosulfase alfa in MPS IVA patients could be stopped if the patient is not compliant regarding follow-up

assessments
Statement 10

100

Treatment with elosulfase alfa in MPS IVA patients could be stopped if the patient missed > 20% of their scheduled
elosulfase alfa infusions, excluding surgeries or other severe medical conditions, problems in drug delivery or organiza-

tional issues of the hospital

for renewal of authorization by the Health Authorities in
some countries. Actually, as emerged in "The Mucopoly-
saccharidosis Management Physician Survey" [18], ERT
for MPS IVA patients is not available for all patients in
all centers, due to reimbursement and regulatory barri-
ers. Hurdles particularly limit treatment of adult patients.
Moreover, criteria for follow-up of MPS IVA patients
are not evenly implemented at a regional level. With
this consensus statement we aim to improve awareness
on the importance of ERT availability for all patients, in
order to standardize practice and improve care. In this
framework, guidance statements were developed in full
accordance with published guidelines, although avoiding
excessively strict recommendations about time for fol-
low-up and criteria for patient assessment and validation
of treatment, to leave an acceptable decision frame for
physicians, considering different rules and schedules for
patient assessment in different countries. Accordingly,
the use of “should” and “must” in statements identifies
more stringent guidance, where decision about treatment

or follow-up has to be unarguably bound to clinical rec-
ommendations. It is the case of the strong recommenda-
tion of availability of ERT for all patients, where rationale
is supported by evidence-based efficacy of elosulfase alfa
in modifying natural history of disease in patients of dif-
ferent age, regardless of genetic variants [13, 20]. At this
regard, two different statements were approved at first
voting round, one recommending treatment irrespective
of age and the second regardless of causative variant(s).
During the second consensus conference in the widest
audience, these two statements were combined, since
consideration of both criteria together was deemed more
appropriated. This statement is particularly relevant in
those countries where treatment is not available for all
patients, as revealed by “The Mucopolysaccharidosis
Physician Survey” [18].

“Should” was also used in recommendations for follow-
up and validation of treatment. Nevertheless, although
follow-up schedules must be compliant with published
guidelines [17] and real-life evidence from the MAA
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study [13], the schedule for follow-up was thoroughly
discussed. Final statements (3 and 4) were reformu-
lated to harmonize them to particular requirements for
patient management and follow-up in different countries
and to real life availability of assessments, while leaving
a reasonable margin for decision to the treating physi-
cian, according to real life care conditions and individ-
ual patient needs. Accordingly, no precise timeline for
follow-up was included, rather recommending perform-
ing “regular follow-up” as described in published guide-
lines (with European guidelines recommending “regular”
follow-up every year) [17]. Concerning the inclusion cri-
teria for continuation of treatment (statement 4), stabi-
lization is regarded as an absence of disease progression
or prevention of the significant progressive worsening
of clinical and PRO parameters observed in the natural
course of disease. “Improvement or stabilization” men-
tioned in statement 4 should be considered as a sufficient
criterion for validation of treatment [14, 15]. Improve-
ment in endurance should not be evaluated exclusively
through the 6MWT but an additional appropriate test
is also recommended, suggesting the T25FW, as it is not
based exclusively on walking, so that patients, particu-
larly if wheelchair bound, can perform it in other ways
(i.e. rolling, crawling). Also, “any improvement” in pul-
monary function was decided to be more suitable during
second statement discussion and voting, compared to the
initial statement “improvement in FVC or FEV1 of > 5%
over baseline” The initial statement, implemented in the
MAA study [13], was considered limiting, as excluding
patients with less severe disease, often showing a smaller
improvement at follow-up. Importantly, guidelines in the
MAA study suggest that 4 out of 5 parameters, among
clinical and PRO measures, should be fulfilled to main-
tain treatment. Initially, statement 4 was formulated
identical to this recommendation. However, in the first
consensus conference within the SC, it was reformulated,
and “at least 1 clinical and 1 patient-reported outcomes”
was judged more appropriate and reasonable. The latter
statement considers established hospital protocols, avail-
ability of assessment methods, the largely variable natural
history of disease and the need for more patients to ben-
efit from ERT. Maintenance of treatment will be recon-
sidered if stabilization or improvement is not obtained
after 3 years of treatment or upon physician or patient
decision. A 3-year period was considered more adequate
than 1 year (as in the MAA study), as it leaves more time
to observe progression in patients with more attenuated
disease, and also represents a more reasonable timeframe
for presenting evidence of efficacy to the Health Authori-
ties for renewal of authorization.

Together with the criteria for treatment mainte-
nance and follow-up, the concept of “improvement or
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stabilization” was defined, representing the rationale
for recommendation of early access of all patients to
ERT. Initially, statement 5 received consensus within
the SC, then it was decided not to approve it in the
second consensus conference, since it was considered
merely redundant after discussion and reformulation of
other statements.

In any case, the need of offering elosulfase alfa treat-
ment to all patients was reaffirmed, regardless of age
or pathogenic variants, also including patients at an
advanced stage of disease. Reflecting the approach
behind this consensus, decision about treatment in
these patients is left to the treating physician, after
evaluation of the cost/effectiveness and risk/benefit
ratio, and individual patient’s needs. Finally, “should”
was used in recommendation for treatment discon-
tinuation in case of severe adverse events or other life-
threatening conditions, considering the importance of
this issue.

“Could” was used in recommendations about patient’s
compliance to treatment and follow-up, as, in this
regard, it is particularly important to leave space for the
physician to decide on a case by case basis. Although
recommendations were taken from guidelines and clin-
ical studies [17, 24], according to the group’s consensus
reasons for missing infusions or follow-up should be
evaluated individually, in the general context of disease
and considering real patient’s will of adhering to treat-
ment and follow-up. Also, no time deadline for patient’s
compliance to follow-up assessments was included in
statement, both because time for follow-up is differ-
ent in different countries and because patients must be
aware that all follow-up assessments are essential.

Limitations

The study has limitations which require consideration.
The consensus statement was focused mainly on initia-
tion and follow up of enzyme replacement therapy for
MPS IVA patients, not involving a comprehensive dis-
cussion on the whole management of disease, includ-
ing criteria for diagnosis, supporting interventions and
symptomatic treatments. Moreover, recommendations
are based most exclusively on expert opinion, rather
than on direct evidence collected in the centers. There-
fore, despite the value of the statement, deriving from
a widely shared consensus among experts on disease
management and treatment, recommendations need to
be implemented in real-world settings, to adjust them
to country- or site-specific clinical practice and pecu-
liar disease phenotypes in different patients.
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Conclusions

This consensus statement provides HCPs and Health
Authorities involved in management and treatment of
patients with Morquio A in Central and South-Eastern
European countries with a set of guidance for optimal
patient care. The main aim was to discuss European
guidelines and best evidence in the context of real-life
clinical practice in Central and South-Eastern Europe, to
provide recommendations that could be suitable for all
countries in the region. Importantly, as Morquio A is a
rare disease, consideration should be given to the unique
challenges of rare diseases, which are often underser-
viced, incur relatively high costs and may not be captured
by conventional cost—benefit analyses. Also, important
concern should be given to differences in criteria for
patients’ access to treatment, that vary geographically
due to different rules of the national health authorities
and reimbursement schemes. In this scenario, it is impor-
tant that inclusion/exclusion criteria for treatment are
not arbitrary and do not discriminate any patient accord-
ing to age or disease phenotype. In particular, these cri-
teria should include, upon physician’s decision, patients
at a late stage of disease or slowly progressing patients,
where disease evolution cannot often be confirmed over
a short period of time.
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