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Abstract

BACKGROUND
Mucopolysaccharidosis type II (MPS 1II) is a chronic inherited disease with mul-
tiorgan involvement, a progressive course, and restricted life expectancy.

AIM
To evaluate the predictors of fatal outcomes in MPS II patients.

METHODS

In the retrospective cohort study, the clinical, laboratory data and enzyme re-
placement therapy (ERT) (84.2%) of about 160 patients were extracted and ana-
lyzed from the Russian MPS Il registry, with death as a primary outcome. We
compared patients who died (n = 20; 12.5%) with severe form (n = 13; 68.4%) and
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attenuated form (n = 6, 31.6%) to 140 alive patients.

RESULTS

Fatal outcomes occurred in 5%, 35%, 20%, and 40% of patients before 10, 10-14, 15-19, and = 20 years. The most
common causes of death were cardiovascular (29.4%), respiratory failure (17.6%), including pneumonia (17.6%),
and their associations (17.6%) and MPS II progression (11.8%). Acute or chronic respiratory failure was in 53%.
Died patients had higher birth weight, higher age of diagnosis, and start of ERT. Hydrocephalus, hydrocephalus
bypass surgery, epilepsy, difficulty swallowing, and impaired movement after 12 years of age were significantly
more common in the deceased patients. Cox regression analysis has revealed the following time-dependent
covariates of the lethal outcome: 1¢-year psychomotor development delay, delayed mental and speech develop-
ment, hydrocephalus, swallow disorders, impossible walking at age > 12 years, respiratory disorders, trache-
ostomy, neuronopathic form.

CONCLUSION
Increased birth weight, delayed diagnosis and the start of ERT, and development of neuronopathic form with
impossible walking after 12 years were the main predictors of the fatal outcome.
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Core Tip: Mucopolysaccharidosis type 11 is a rare lysosomal storage disease characterized by the progression of multiorgan
dysfunction and increased mortality rates. The assessment of the death outcomes might improve the survival of these
patients. High birth weight, delayed diagnosis, delayed enzyme replacement treatment, any signs of central nervous system
involvement, and progressive impossibility of independent walking were the main predictors of the fatal outcome.
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INTRODUCTION

Mucopolysaccharidosis type II (MPS II) or Hunter syndrome (OMIM 309900) is an X-linked, rare lysosomal storage
disease. The disease is based on the accumulation of glycosaminoglycans (dermatan sulfate and heparan sulfate), which is
caused by a deficiency in the lysosomal enzyme iduronate sulfatase[1,2]. IDS gene map at the chromosomal region Xq28
consists of nine exons. A continuous, progressive course characterizes the disease. However, the severity of the condition,
the range of clinical symptoms, and the age at onset may vary among individuals[3]. The average frequency of incidents
of MPS II in various countries of the world is 0.30-0.71 per 100000 live births[4] or 1:100000 to 1:170000 male births[5].
Clinically, MPS II can be divided into two forms: Neuronopathic and non-neuronopathic. In the neuronopathic forms of
MPS, there is central nervous system damage, clinically expressed as delayed psychomotor and speech development,
leading to varying degrees of intellectual disability, behavioral disorders, and epilepsy. Approximately 60% of cases of
MPS 1I fall into the neuronopathic category[6,7]. The severe type is characterized by early onset, at around 2-4 years of
age, and leads to death before 15 years of age, whereas the age of onset in attenuated form is late and greatly variable[2,
8].

In the initial stages of severe forms of MPS II, individuals may experience recurrent infections in the upper respiratory
tract and inguinal and umbilical hernias. Joint stiffness may also be present. As the disease progresses, patients may
develop multiple dysostosis, spinal deformities, and joint contractures, which can lead to a shorter stature. The early
development of coarse facial features, hepatosplenomegaly, hypertrophic cardiomyopathy, and myxomatous valvular
degeneration characterize severe forms of MPS II. Additionally, patients may experience sensorineural hearing loss and
symptoms affecting the central nervous system[8,9]. In less severe cases, the child's development remains unaffected,
their height may reach average levels, the skeletal deformities are mild, the condition progresses slowly, and the fatal
outcome typically occurs due to heart failure in the fourth to sixth decade of life[9,10].

The relationship between genotype and phenotype is often challenging to determine. Novel pathogenic variants and
alterations in the IDS gene continue to be identified[11]. They include complete deletions, partial deletions, gene/

pseudogene rearrangements, splicing mutations, and nonsense mutations linked to the neuronopathic forms of MPS II[6,
9,10,12].
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MATERIALS AND METHODS

The retrospective study cohort extracted the clinical, epidemiological, instrumental, and laboratory data about 162 pa-
tients from the Russian registry of patients with MPS II. The first patient was included in 2008; the last data were
downloaded in November 2024. Participation in the registry was voluntary: The patient or his legal representative signed
an informed consent to include the data. Data was collected and analyzed using the Quinta CRM platform (certificate of
state registration of computer programs # 2016615129 for Quinta: Universal software for remote collection, processing,
and management of geographically distributed clinical and epidemiological data; copyright holder - Aston Consulting) in
partnership with Aston Consulting.

In all cases, the clinical diagnosis of MPS II was confirmed by high urine excretion of glycosaminoglycans (dermatan
sulfate and heparan sulfate) and enzymatic iduronate sulfatase deficiency in leukocytes, plasma or dried blood spots,
except one patient for whom clinical data supporting the diagnosis of MPS II with only a high urinary excretion of
glycosaminoglycans. Data on enzyme activity and molecular genetic studies in this patient were unavailable. Multiple
possible sulphatase deficiency was excluded by measuring another sulphatase in lysosomal disease screening,.

We extracted the following patients” information for the assessment:Demographics: Age, sex, residence, family history
of MPS 11, age at first symptomy(s), age at diagnosis, and time to diagnosis. Clinical features related to the disease: The
main clinical symptoms were associated with the last data assessment, and some clinical signs were assessed twice in the
first and last observations of the study. The neuronopathic form was determined if a patient has central nervous system
involvement with at least one of the following symptoms: hydrocephalus, progressive intellectual disability, losing skills,
and epilepsy). Laboratory data: The genetic analysis data (sequencing by Sanger) show significant changes in the IDS
gene, including deletions, recombinant events involving IDS-IDS2, and missense mutations leading to a severe phenotype
of MPS 1II, according to the previously published data and enzyme activity[5]. Treatment: The number of patients treated
with enzyme replacement therapy (ERT), ERT onset age and duration, ERT delay. Outcomes: Alive or dead. The
observation time was calculated using the date of death (for dead patients) or the data of the last available observation
included in the registry.

Statistical analysis

We utilized the STATISTICA software package, version 10.0 (StatSoft Inc., St. Tulsa, OK, United States). Numerical
indicators were presented with the median and interquartile range (IQR; 25%; 75* percentiles), and categorical variables
were presented with absolute numbers and the parts (%). We used the Pearson criteria y* to compare the independent
categorical variables and the Mann-Whitney criteria for independent numerical variables. Each predictor associated with
the fatal outcome was assessed by analyzing the sensitivity and specificity. The cut-off values of the quantitative variables
were calculated with area under the curve (AUC)-receiver operating characteristic (ROC) analysis with the determination
of 95%Cl, calculation of the odds ratio without taking into account the time of development of events of interest (fatal
outcome) using 2 x 2 tables. Independent predictors of the fatal outcome were evaluated with multiple regression
analysis. Survival analysis in each group was conducted utilizing the Kaplan-Meier method, with a fatal outcome as the
event of interest. The log-rank test compared survival curves. Differences were considered statistically significant if the P
value was less than 0.05.

RESULTS

Of the 160 patients enrolled in the study, 140 were still alive as of November, and 20 patients had passed away. The
deceased patients had a significantly higher birth weight at 3.9 (3.4; 4.3) kg compared to the alive patients with a mean
birth weight of 3.5 (3.2; 3.9) kg (P = 0.062) despite the similar gestation age. The height at birth did not differ significantly
between the groups of survivors and non-survivors, with the mean height of the currently living patients being 53 (51; 54)
centimeters and the mean height in the deceased group being 52 (51; 56) centimeters.

The age at diagnosis was also significantly different, with the deceased group having a mean age of 5.0 (4.0; 7.0) years
compared to 3.0 (2.0; 5.0) years for the live group (P= 0.0006). Additionally, the ERT in the deceased patients occurred at
an older age, with a mean onset of 7.5 (6.5, 11.5) years compared to a mean onset age of 5.0 (3.0; 9.0) years (P = 0.004).

Fatal outcome before the age of 10 years - 1 patient (5%), aged 10-14 years old - 7 patients (35%), 15-19 age - 4 patients
(20%), older than 20 years - 8 (40%) patients. The survival curve is in Figure 1. Among the deceased, 13 patients had a
severe form of the disease, and 6 had an attenuated form. The severity of the course of MPS II could not be determined in
one patient. The median age at onset of symptoms among patients with severe type MPS I was 1 year. Sixteen (84.2%)
patients received ERT. ERT was administered to all 13 (100%) deceased patients with severe disease.

Causes of death analysis

In the Russian registry of patients with MPS II, information on the causes of death is available for 17 out of 20 deceased
individuals (Table 1). The most common causes of death included cardiovascular failure in 5 out of 17 cases (29.4%) and
respiratory failure in 3 cases (17.6%). Pneumonia was reported as a cause of death in 3 out of 17 patients (17.6%), and an
association between the cardiovascular and respiratory systems was observed in three patients (17.6%). The progression
of the underlying disease (MPS II) was the cause of death for two patients (11.8%) and generalized viral infection in one
case (6%). Acute or chronic respiratory failure, either alone or in combination with other causes, was present in 9 out of 17
patients (53%).
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Table 1 Clinical characteristics of 20 Russian mucopolysaccharidosis Il patients who died between 2016-2022 years

. Delayed
Height  1-year Y Intellectual Hurler . Myxomatous . Carpal
. mental e . Swallow  Independent Cardio- Respiratory
at birth, psychomotor disability: 5-12/>12 Hydrocephalus Epilepsy . ) pheno- valve . Tracheostomy tunnel
ID and disorders walking 5-12 /> myopathy . disorders
cm delay year type degeneration syndrome
speech 12 year
46 49 No Yes No/no Yes No No Yes/yes Yes Yes Yes 0 0 0
58  N/A N/A N/A N/A/N/A N/A N/A No N/A/N/A Yes N/A N/A N/A N/A N/A
65 52 No Yes Mod/ profound Yes Yes Yes Yes/no Yes Yes Yes Yes 0 Yes
71 57 Yes No No/no N/A N/A N/A Yes/yes Yes N/A N/A Yes N/A N/A
72 N/A Yes Yes No/no N/A Yes Yes Yes/no Yes No Yes Yes 0 0
92 5] No Yes No/N/A Yes Yes Yes No/N/A Yes No Yes Yes 0 Yes
93 51 No Yes Profound/ profound No Yes Yes No/no Yes No Yes Yes Yes Yes
96 52 No Yes Severe/severe No Yes Yes Yes/no Yes Yes Yes 0 0 Yes
104 N/A Yes Yes No/no Yes No Yes No/no Yes Yes Yes 1 0 N/A
106 50 Yes Yes No/not significant No N/A N/A N/A/N/A Yes No Yes N/A N/A N/A
109 57 Yes Yes Moderate/severe Yes Yes Yes Yes/no Yes No Yes Yes 0 Yes
110 N/A No No No/no Yes No No Yes/yes Yes No Yes Yes 0 Yes
111 574 Yes Yes Not Yes Yes Yes Yes/no Yes Yes Yes Yes 0 Yes
significant/ profound
113 51 N/A N/A N/A/N/A N/A N/A N/A N/A/N/A Yes N/A N/A N/A N/A N/A
116 55 Yes Yes Severe/N/A Yes N Yes N/A/N/A Yes Yes Yes 1 0 1
120 N/A No No No/no N/A N/A N/A Yes/no N/A N/A N/A N/A N/A N/A
124 56 Yes Yes No/severe Yes No Yes Yes/yes Yes Yes Yes Yes 0 0
144 N/A No Yes No/N/A Yes No No Yes/N/A Yes N/A N/A Yes 0 Yes
147 54 No No No/no No No No Yes/yes Yes Yes Yes Yes Yes Yes
149 51 Yes Yes Moderate/ profound Yes Yes Yes Yes/no Yes Yes Yes Yes Yes Yes
Characteristics of the dead patients
The clinical characteristics of patients with MPS II showed similarities and differences in their symptoms. The following
symptoms were equally prevalent in the cohort of survivors and the cohort of those who had died: carpal tunnel
syndrome, the Hurler phenotype, hepatosplenomegaly, and orthopedic abnormalities. The frequency of neuronopathic
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Figure 1 The overall survival of the patients with mucopolysaccharidosis type II.

form was similar in both groups, amounting to 65% among the survivors/those who had died, respectively.
Hydrocephalus (73.3% vs 41.4%, P = 0.019), bypass surgery for hydrocephalus (7.1% vs 0%, P = 0.003), epilepsy (53.3% vs
10.1%, P = 0.000009), difficulty swallowing (68.8% vs 23.0%, P = 0.0002), and impaired movement after the age of 12
(57.1% vs 22.1%, P = 0.002) were significantly more common in the group of deceased patients compared to the group of
survivors. Hearing loss among deceased patients with MPS II occurred in 92.3% of cases, which was significantly higher
than in the survivor group (P = 0.062). Respiratory disorders were present in 87.5% of patients, with a history of
tracheotomy in 20% - significantly more frequent symptoms in the deceased MPS II group.

The pathology of the cardiovascular system was observed in 100% of cases in the form of cardiomyopathy (60%) and
myxomatous valve changes. These conditions had a significantly higher prevalence in the group of deceased patients.

ERT received 134 out of 152 (88.2%) patients from the registry. Among those who received ERT, the median age of the
first symptoms was 1.0 (1.0; 2.0) years in patients and 1.0 (0; 2.0) years in the group without ERT. The age of diagnosis did
not differ between the treated and untreated groups and was 4.0 (2.0; 6.0). In the group that received ERT, 86 out of 134
(64.2%) had the neuronopathic form, compared to 9 out of 18 (50%) in the group that did not receive ERT.

Pathogenic and likely pathogenic variants in the IDS gene were found in two groups of patients with the same
frequency. Variants of unknown significance in the IDS gene were not found in the group of deceased patients. Missense
variants were the most common cause of MPS Il in 71/118 (60.2%) patients with the known genotype. The main clinical
characteristics and treatment are in Table 2.

Tables 1 and 3 provide detailed epidemiologic, molecular, and clinical characteristics of the deceased patients.
Missense variants were most common (eleven patients); two patients had nonsense, and four had large rearrangements in
the IDS gene. Three patients had no data on molecular genetic testing.

Predictors of the lethal outcome

The univariant analysis has revealed the fourteen most significant predictors of the fatal outcome (Table 4). Delayed
diagnosis, delayed treatment, and epilepsy and respiratory disturbances showed the highest predictive rate of fatal
outcomes. AUC-ROC analysis allowed the detection of the cut-off age > 13 years as the predictor of fatal outcomes. In the
neuronopathic forms of MPS 1I, the fatal outcome occurred at a much earlier age than in non-neuronopathic forms. The
median age at death in mild cases was 18 years, and in severe cases, it was 16.5 years.

In a post-hoc analysis of patients older than 13 years, only epilepsy (P = 0.039), swallowing disorders (P = 0.016),
impossibility to walk (P = 0.006), myxomatous valve disease (P = 0.054), tracheostomy (P = 0.044) were associated with
lethal outcome.

The analysis of the survival curve has revealed the following time-dependent predictors of the fatal outcome: Neurono-
pathic form (Figure 2) of the disease (P = 0.004), birthweight > 3.88 kg (P = 0.042), tracheostomy (P = 0.002), respiratory
disorders (P = 0.009), myxomatous valve disease (P = 0.030), impossible walking after 12 years (P = 0.001), swallow
disorders (P = 0.001), epilepsy (P = 0.0007), hydrocephalus (P = 0.030), intellectual disability (P = 0.0006), psychomotor
delay (P = 0.031). In a post-hoc analysis in patients older than 13 years similar to univariate analysis, only epilepsy (P =
0.016), swallowing disorders (P = 0.004), impossibility to walk (P = 0.0005), myxomatous valve disease (P = 0.019),
tracheostomy (P = 0.051) were associated with lethal outcome.
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Table 2 Comparison of disease’s features in alive/dead mucopolysaccharidosis type Il patients, n (%)

Parameter Totaln=  Aliven= M(ledian (IQR); Dead n= Median (IQR); min- Pvalue
160 140 min-max 20 max

General information

Age at last observation' 160 140 10.7 (5.9;15.9); 0.7- 20 16.5 (12.5; 21); 9.0-43  0.001

46.4

Birth weight, kg 91 83 34(3.2,3.9);1547 8 3.9(3.4,43);33-45  0.062

Height at birth, cm 117 103 53 (51; 54); 40-60 14 52 (51; 56); 49-57 0.609

Age of first symptom, years 128 112 1.0 (0; 2); 0-19.0 16 1.0 (0; 2); 0-8 0.982

Age at diagnosis, years 145 125 3.0 (2;5); 0-32 20 5.0 (4;7); 2-38 0.0006

Ever received ERT 152 133 118 (88.7) 19 16 (84.2) 0.569

Age of start ERT, years 117 101 5.0 (3;9); 0-43 16 7.5 (6.5, 11.5); 4-39 0.004

Pathogenic SNP 118 102 59 (57.8) 13 8 (61.5) 0.532

Likely pathogenic SNP 34 (33.3) 5(38.5)

VUS SNP 9(8.8) 0(0)

Neurology

Patients with a neuronopathic form 98/148 130 85 (65.4) 18 13 (72.2) 0.565

Psychomotor development delay (up to 1 year) 148 130 54 (41.5) 18 9 (50.0) 0.496

Delayed mental and speech development (1-3 147 129 85 (65.9) 18 14 (77.8) 0.314

years)

Intellectual disability: From mild to profound (5-12 128 110 69 (62.7) 18 13 (72.2) 0.648

years)

Intellectual disability: From mild to profound (after 84 69 40 (58.0) 15 15 (66.7) 0.546

12 years)

Hydrocephalus 131 116 18 (41.4) 15 11 (73.3) 0.019

Bypass surgery 133 119 0(0) 14 1(7.1) 0.003

Epilepsy 134 119 12 (10.1) 15 8 (53.3) 0.000009

Swallowing disorder 129 113 26 (23.0) 16 11 (68.8) 0.0002

Impossible independent walking (5-12 years) 136 120 12 (10.0) 16 2 (12.5) 0.757

Impossible independent walking (after 12 years) 82 68 15 (22.1) 14 8 (57.1) 0.002

Carpal tunnel syndrome 114 100 58 (58.0) 14 11 (78.6) 0.140

Somatic symptoms

Hurler phenotype 142 123 118 (95.9) 19 19 (100) 0.371

Hepatosplenomegaly 139 121 113 (93.4) 18 18 (100) 0.261

Hearing loss 126 113 76 (67.3) 13 12 (92.3) 0.062

Respiratory disorders 135 119 47 (39.5) 16 14 (87.5) 0.001

Tracheostomy 136 121 2(1.7) 15 3 (20.0) 0.0004

Any hernias 136 118 98 (83.0) 18 18 (100) 0.059

Orthopedic problems

Any orthopedic features 140 121 119 (98.4) 19 19 (100) 0.573

Spinal involvement 132 117 76 (65.0) 15 13 (86.7) 0.091

Chest deformity 139 123 67 (54.5) 16 11 (68.8) 0.279

Cardiac disorders

Cardiac disorders (cardiomyopathy + myxomatous 132 116 89 (76.7) 16 16 (100) 0.031

valve disease)
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Cardiomyopathy 131 115 34 (29.3) 15 9 (60.0) 0.017

Myxomatous valve disease 130 115 78 (67.8) 15 15 (100) 0.009

IFor died patients - age of the death; IQR: Interquartile range (Q1; Q3); ERT: Enzyme replacement therapy; VUS: Variant of unknow significance; SNP:

Single nucleotide polymorphism.

Cox regression analysis has revealed the following time-dependent covariates of the lethal outcome. Data are in
Table 5. The absence of enzyme replacement therapy, delayed diagnosis, and treatment did not predict the deadly
outcome in Cox regression models.

DISCUSSION

In our study, the predictors of lethal outcomes were identified. The majority of patients died after 20 years (40%). Died
patients had a later start of ERT and the age of the diagnosis. Died patients had higher birth weights with similar
gestation ages. Neuronopathic form, cardiovascular disease, and respiratory disorders were the main predictors of the
fatal outcome. There were no associations of fatal outcomes with the severity of the IDS genetic variants.

Delayed treatment has interfered with delayed diagnosis and lack of timely access to treatment in the past. Now, the
time from diagnosis to treatment in pediatric patients is less than one month due to a specific governmental program that
has worked since 2015. All cases with delayed treatment were only before 2015. The delayed treatment showed the
disease's natural course, the treatment's less clinical efficacy, and confirmation of the necessity of early access to the
treatment.

The findings of the molecular-genetic study in the Russian population of patients with MPS II are consistent with those
of other researchers: The prevalence of pathogenic and likely pathogenic variants among Russian patients was 93%,
similar to the findings of other studies, such as those conducted in India (95.5%)[7].

According to the Hunter Outcome Survey (HOS) data, missense variants of the IDS gene (47/88, 53.4% of total
variants) were the most frequent genetic variants in dead patients[10]. In our cohort, the frequency of the missense
variants in deceased patients was also high (60.2%). Missense variants of the IDS gene were the most frequent genetic
findings in previous studies in Russian MPS II patients[13].

Frequency of neuronopathic forms - in the Czech Republic, Slovaks, and Serbia accounted for 32/42 patients (76.2%);
among the deceased patients, only 2 had intermediate forms[6]. In Japan, out of 28 patients - 8 (29%) had the attenuated
and 20 (71%) had the severe form, and five patients (17.7%) died. Of these, two patients (40%) had attenuated, and three
(60%) had severe phenotype MPS II[14]. In India, the prevalence of the attenuated phenotype was 32.6% (47 out of 144),
while the prevalence of the severe phenotype was 63% (91 out of 144)[7]. The prevalence of neuronopathic forms in the
Russian Federation is comparable to that in other countries - 98 out of 148 (66.2%). The majority of dead patients had
neuronopathic forms of MPS (72.2%).

According to European authors, patients with a neuronopathic form of MPS II older than 10 years experience
difficulties with independent movement, significantly reducing their daily activity and necessitating third-party
assistance or the use of specialized devices to help[15]. According to our data, among children aged 5-12, 10% of living
patients were unable to move independently, and 12.5% of deceased patients experienced this issue. However, in a group
of patients older than 12, the difference in the frequency of impossibly independent moving between living and deceased
patients was significant, with 22.1% and 57.1%, respectively. A substantial increase in the number of individuals unable to
move independently as they age is an important predictor of mortality.

The age of death was roughly comparable among Russian patients with MPS II and patients from the HOS registry
[16]. Differences in the proportion of patients who died between the Russian Registry and the HOS registry were those
aged less than 10 years and older than 20 years. Under the age of 10 years, 16% died, according to the HOS registry, and
5%, according to the Russian Registry; at the age of 10-15 years, 38% and 35%; at the age of 15-20 years 22% and 20%; over
the age of 20, 19% and 40%, respectively. The median age of death varies depending on the form of MPS II. Based on data
from the HOS registry, in patients with cognitive impairment, the median age of death was 11.7 years, and in attenuated
forms - 14.1 years[16]. In the Russian population, comparable data were obtained - 16.5 vs 18 years. Patients of the
Russian population have a longer survival age compared to the data of the international registry of diseases despite the
similar ratio of neuronopathic and non-neuronopathic forms among deceased patients with MPS II.

Chronic or acute respiratory failure (usually caused by pneumonia) was the most common cause of death in Russian
patients with MPS II. Cardiovascular failure and isolated respiratory failure were the most common causes of death:
29.4% and 17.6% of cases. Our data on the most frequent causes of death is similar to that of other centers from the Czech
Republic, Slovakia, and Serbia[6]. Compared to the HOS data, the leading cause of death was airway impairment at 46%,
which exceeds the Russian data. Cardiac involvement accounted for 16% of the causes of death[16]. A higher rate of
respiratory disorders and tracheostomy in the group of deceased patients characterizes a more severe course of type MPS
II.

According to the analysis of the HOS registry for 2017, among patients receiving ERT respiratory failure, the cause of
death is indicated in 43% of cases, while among patients who did not receive ERT - 10%. Among the deceased Russian
patients who received ERT, involvement of the respiratory system was indicated as the cause of death in 7/18 (39%)
people with an established cause of death. Compared with HOS data, the age of first symptoms was lower in the Russian
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Table 3 Epidemiology characteristic of 20 Russian mucopolysaccharidosis type Il patients who died between 2016-2022

q ; Age of
Year of Death Type of N Normalized  Age of first  Age of g
. . Significance ) . start  MPS form,
ID the age, Cause of death SNP/Rearrangements Protein Exon/9 nucleotide . enzyme symptoms,  diagnosis, ERT .
of variant S ERT, mild/severe
death year change activity, % year year
year
46 2020 18 CVF c253G > A p-Ala85Thr 3 ms Pathogenic N/A 2 8 Yes 10 Mild
58 2019 10 Pneumonia c1295G > A p-Cys432Tyr 9 ms LP N/A 0 5 Yes 6 N/A
65 2020 21 MPS c196C>T p-GIn66Ter 2 ns Pathogenic 15 0 5 Yes 13 Severe
71 2016 21 Acute CVF c.257C>T pPro86Leu 3 ms LP 7.6 N/A 6 No N/A Mild
72 2020 14 Acute CVF ¢.1403G > A p-Arg468Gln 9 ms Pathogenic N/A N/A 4 Yes 4 Severe
92 2021 11 N/A c133G>T p-Asp45Tyr 2 ms LP 3.8 1 5 Yes 7 Severe
93 2019 20 RF, renal failure c395C>G p-Ser132Trp 3 ms LP 0.1 2 4 Yes 11 Severe
96 2022 13 CVF, dilated c262C>T p-Arg88Cys 3 ms Pathogenic 0 0 3 Yes 5 Severe
cardiomyopathy
104 2019 15 Pneumonia N/A N/A N/A N/A N/A 0 3 5 Yes 7 Severe
106 2020 13 N/A Recombination between intron 7 of the ~ N/A N/A N/A Pathogenic 0 2 2 Yes 7 Severe
IDS gene and the distal part of exon 3 of
the IDSP1 pseudogene, with deletion of
exons 1-3 of the IDS gene
109 2022 20 CVF Recombination between intron 7 of the ~ N/A N/A N/A Pathogenic 9.1 1 11 Yes 12 Severe
IDS gene and the distal part of exon 3 of
the IDSP1 pseudogene, without deletion
110 2018 43 Chronic obstructive ~ ¢.1037C >T p-Ala346Val 8 ms LP 0 N/A 20 No N/A Mild
pulmonary disease.
Pneumonia
111 2022 22 MPS c.133delG p.Asp45Metfs 2 ms Pathogenic NA 1 5 Yes 11 Severe
*15
113 2017 15 CVF Recombination between intron 7 of the ~ N/A N/A N/A Pathogenic 0.43 2 3 N/A N/A N/A
IDS gene and the distal part of exon 3 of
the IDSP1 pseudogene, without deletion
116 2018 10 CVE N/A N/A N/A  N/A N/A 0.01 0 6 Yes 6 Severe
120 2017 41 CVE N/A N/A N/A  N/A N/A 18 8 38 Yes 39 Mild
124 2022 18 Viral infection c.1340T > A p.Leu447Term 9 ns Pathogenic 0 5 6 Yes 8 Severe
144 2018 9 N/A Del exon 1-7 N/A N/A N/A Pathogenic 0.002 4 No Severe
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¢.1034G > C p-Trp345Ser 8 ms Pathogenic 0.66 1 11

¢.1006G > C p.Gly336Arg 7 ms Pathogenic 0.42 0 5

Mild

Severe

CVF: Cardiovascular failure; ERT: Enzyme replacement therapy; N/ A: Not applicable; LP: Likely pathogenic; ms: Missense; ns: Nonsense; MPS: Mucopolysaccharidosis; RF: Respiratory failure; SNP: Single nucleotide polymorphism.
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population, and the age of diagnosis was higher in these groups. There were no differences in the age of diagnosis in the
group of patients who received and did not receive ERT: Median age at onset of symptoms of MPS for the treated and
untreated groups was equal (1.6 and 1.5 years), as the median age at diagnosis (3.3 and 3.2 years)[17]. The median age of
first MPS symptoms was 1 year in the group receiving and not receiving ERT; the median age of diagnosis also did not
differ in these groups of patients, and it was 4.0 (2.0; 6.0) years. The frequency of severe forms in the group of treated/
untreated patients differed significantly and amounted to 64.2% and 50%, respectively, which also differs from the HOS
data, where the proportion of patients with cognitive impairment was 58.0% and 57.9%, respectively. ERT for MPS II has
been used to treat this disorder in Japan since 2006[14], in Europe similarly[17], and in the Russian Federation since 2008.
According to the HOS registry, patients with type MPS II who received ERT have 10 years longer life expectancy than
untreated patients - 33 years vs. 21.2 years. The Cox model adjusted for the condition at the time of treatment revealed a
54% lower mortality risk in the ERT-treated group than in the untreated group[17]. Our cohort Cox-regression analysis
has not shown a statistical difference in the probability of fatal outcomes depending on ERT.

Possibly, the small sample size and a large proportion of young, alive patients led to the failure of this analysis, but
dead patients had later started ERT - 7.5 (6.5; 11.5) years. It was late, compared to the age of the first symptoms of the
disease, 1.0 (0; 2) years. We observe the long-term natural course of the disease, and delayed ERT doesn't influence the life
duration due to multiple vital organ complications at the moment of the start of the ERT —any analysis of the associations
between ERT and lethal outcome is required to note the age of ERT initiation. In our cohort, many patients had delayed
ERT due to the absence of ERT before 2008 and lack of access to ERT before 2013.

The intrathecal administration of idursulfase for treating neuronopathic forms of MPS II in combination with
intravenous administration of the enzyme has been introduced into therapy. The phase 2/3 trials of the drug (Intrathecal
idursulfase-IT) were successfully evaluated, developed, and completed[18]. Neurocognitive development improved in
children under 6 with missense mutations and a reduction in GAG levels in the cerebrospinal fluid across all age groups
[18]. Sibling pairs demonstrate the effectiveness of early initiation of intrathecal ERT, which can stabilize or slow
cognitive decline[19]. A 5-year follow-up study of patients with MPS II neuronopathic disease, who were treated with
intracerebroventricular enzyme replacement therapy with idursulfase beta, showed the safety and efficacy of the
treatment. The results indicated increased age at the onset of the disease (improved neurocognitive development) and
reduced heparan sulfate excretion. The most significant benefit was observed in patients who started treatment before 3
years old[20-22]. The most promising approach to treating neuronopathic forms of MPS II is combination therapy, which
can improve these patients' survival rates. This specific group of patients often experiences a more severe form of the
disease, leading to early mortality.

In the Russian Federation, idursulfase beta for intracerebroventricular administration was registered in December 2024.
Therefore, we do not have our own experience of treatment in this area up to now. The high prevalence of the neurono-
pathic forms makes the intracerebroventricular administration of the ERT very promising in our country. Now, the expert
groups of specialists selecting the patients convenient for intracerebroventricular administration of the ERT were
organized. These groups also validate the international questionnaires for neurocognitive development assessment and
the Russian questionnaires created for conditions similar to those of MPS type II populations. The absence of experience
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Table 4 The main predictors of the fatal outcomes (univariant analysis) in patients with mucopolysaccharidosis type Il

MPS type Il feature Sensitivity Specificity OR (95%Cl) P value
Diagnosis age > 4 years 70.0 72.8 6.3 (2.2;17.6) 0.0002
ERT age > 5 years 87.5 59.4 10.2 (2.2; 47.5) 0.0005
Birth weight > 3.88 kg 62.5 72.3 4.4 (0.96;19.7) 0.042
Age > 13 years 75.0 65.0 5.6 (1.9;16.2) 0.0006
Hydrocephalus 73.3 58.6 3.9 (1.2;13.0) 0.019
Epilepsia 53.3 89.9 10.2 (3.1;33.1) 0.000009
Swallowing disturbances 68.8 77.9 7.4 (2.3;23.1) 0.0002
Impossible to walk after 12 years 61.5 779 5.7 (1.6;19.9) 0,002
Heart disease 100.0 233 - 0.031
Cardiomyopathy 60.0 70.7 3.6 (1.2;11.0) 0.017
Myxomatous valve disease 100.0 323 - 0.009
Deafness 92.3 32.7 5.8 (0.7; 46.7) 0.062
Respiratory disorders 875 60.2 10.6 (2.3; 48.7) 0.001
Apnoe at the diagnosis 54.5 73.6 3.4 (0.92;12.3) 0.057
Apnoe at the last visit 778 70.2 8.3 (1.6; 42.6) 0.004
Obstructive disease 72.7 66.3 5.2(1.3;21.2) 0.012
Hernias 100.0 16.9 - 0.059

ERT: Enzyme replacement therapy; MPS: Mucopolysaccharidosis; OR: Odds ratio.

Table 5 The predictors of the fatal outcome in mucopolysaccharidosis type Il patients according to Cox-regression analysis

Predictors SE HR (95%Cl) P value
Psychomotor development delay (up to 1 year) 0.26 3.4 (1.2;9.3) 0.019
Delayed mental and speech development (1-3 years) 0.33 5.7 (1.8;17.9) 0.003
Hydrocephalus 0.30 3.3 (1.03;10.4) 0.044
Epilepsia 0.28 4.4 (1.5;12.8) 0.008
Swallow disorders 0.29 5.1 (1.6;16.7) 0.006
Impossible walking at age <12 years 0.40 4.9 (1.01; 23.3) 0.049
Impossible walking at the age > 12 years 0.31 9.4 (2.8;31.3) 0.0003
Respiratory disorders 0.38 5.7 (1.3; 25.6) 0.023
Tracheostomia 0.33 4.7 (1.3;16.7) 0.022
Neuronopathic form 0.27 41 (14;11.9) 0.01

SE: Standard error; HR: Hazard ratio.

in the intracerebroventricular administration of the ERT deteriorates the outcomes. Currently, the following measures
have been implemented in the Russian healthcare system to reduce delays in diagnosing MPS:

Education: Educational programs on the diagnosis of lysosomal storage diseases and inherited metabolic disorders
have been introduced for senior medical students in the pediatric faculty of our university. Lectures on these topics are
also provided for primary care physicians to raise awareness about rare diseases.

Diagnostics: Free diagnostic services are available for the diagnosis of mucopolysaccharidoses, accessible to all medical
professionals in the Russian Federation. Enzyme activity is evaluated using filter-dried blood spot samples, allowing for
easy referral for diagnosis from anywhere in the country. Further molecular genetic testing is also provided free of charge
for patients.

3%9@, wicP | https://www.wjgnet.com 10 September 9,2025 | Volume14 | Issue3 |



Buchinskaya N et al. Fatal outcomes of MPS II in Russia

o Complete
1.0 1+ Censored
——NPF, yes
0.9 1~ NPF, no
+ oA+
0.8 4
0.7 )

o
o

o
wn

Cumulative proportion surviving

<
ES

Log rank test, £ = 0.004; A
| HR=4.1(1.4;11.9), = 0.01 1

o
w

0.2 . : A
0o 5 10 15 20 25 30 35 40 45 50 55

Time (years)

Figure 2 The survival of the patients with mucopolysaccharidosis type Il depends on the presence of neuronopathic form. NPF:
Neuronopathic form.

Limitations

The study's main limitations were the small sample size, retrospective type of study, missing data, and large proportion
of young patients in the registry. The missing data about the genetic variants reduces the possibility of associating
phenotype and outcomes. A small sample size increases the risk of type II errors, where actual effects may not be
detected. Several external factors, e.g., the age of the diagnosis, access to fast diagnostics, and lack of treatment access
before 2015, affected the study's results. The high prevalence of the neuronopathic forms and the absence of the
intracerebroventricular administration of the ERT influenced the study outcomes. The small sample size (n = 20 deaths)
limits the reliability of multivariate analyses, including Cox regression. The young age of the group of living patients
creates additional limitations in the finding of the predictors of lethal outcomes. The study has some statistical limitations.
Analyzing the multiple predictors without corrections on the co-linearity and multiple comparisons increased the risk of
false-positive associations. All these abovementioned factors reduce the generalisability of the results on the more
significant population of patients of different ages and severity and could skew the results and interpretations. A more
comprehensive analysis that accounts for these confounders would provide more robust and reliable findings.

CONCLUSION

Increased birth weight, delayed diagnosis and start of ERT, and development of neuronopathic form with impossible
walking at age > 12 years were the main predictors of the fatal outcome. Improvement of the diagnostics, early start of
treatment with close monitoring of the development of neuronopathic form, correction of respiratory disturbances in
MPS II patients with chronic lung disease, respiratory infectious profilaxis, and non-invasive ventilation as well as a
combination with intrathecal ERT in neuronopathic patients might increase the life expectations.
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