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Introduction

Acid sphingomyelinase deficiency (ASMD), also known 
as Niemann-Pick disease (NPD), is historically divided 
into two main phenotypes: Niemann-Pick disease type 
A (NPD-A, OMIM 257200) – a rapidly progressing 
and fatal neuronopathic disorder, and Niemann-Pick 
disease type B (NPD-B, OMIM 607616) – a chronic non-
neuronopathic, slowly progressive, visceral disorder (1). 
An intermediate neurovisceral phenotype, called NPD 
A/B, with intermediate symptoms between NPD-A and 
NPD-B, is also reported in the literature. The condition 
is characterized by a progressive, debilitating course 
that affects multiple organs and can lead to death in 
early childhood in its most severe form (2). According 
to the previous registries, the birth prevalence of ASMD 
is nearly 0.4-0.6 per 100,000 live births (3). ASMD is 
caused by pathogenic variants in the sphingomyelin 
phosphodiesterase 1 (SMPD1) gene, leading to variable 
degrees of deficiency of lysosomal acid sphingomyelinase 
(ASM) enzyme in all tissues. Subsequently, 
sphingomyelin and other lipids accumulate in the 

mononuclear phagocytic system and hepatocytes, with 
secondary impairment in tissue function, organomegaly, 
and multiple organ failure (4).

ASMD is broadly classified into three phenotypes 
that vary in the course and clinical presentation. 
Infantile neurovisceral is the most severe phenotype 
of ASMD (NPD-A), characterized by progressive 
neurodegeneration, hepatosplenomegaly, and lung 
infiltration in early infancy due to severe ASM deficiency 
(5). While in chronic neurovisceral ASMD (NPD-A/B), 
the neurological involvement occurs slower than in 
infantile neurovisceral, leading to better survival. Lastly, 

The landscape of acid sphingomyelinase 
deficiency in a new therapeutic era: insights 
from experts in the Gulf region
Moeenaldeen AlSayed1, Fatma Al-Jasmi2,3, Tawfeg Ben Omran4,  
Fathiya Al-Murshedi5, Rawda Sunbul6, Nadia Al-Hashmi7, Talal Al-Enazi8

ABSTRACT

Acid sphingomyelinase deficiency (ASMD) is an autosomal-recessive progressive multiorgan metabolic disor-
der due to pathogenic variants in the sphingomyelin phosphodiesterase 1 gene. It can lead to death in early 
childhood in its most severe form. According to previous registries, the birth prevalence of ASMD is nearly 
0.4-0.6 per 100,000 live births. The diagnosis of ASMD is usually delayed or missed due to the wide variability 
of clinical manifestations of the disease. Until recently, the management of ASMD patients was based on symp-
tomatic treatments and supportive care; however, the introduction of enzyme replacement therapy (ERT) has 
revolutionized the management landscape of ASMD. ERT with a recombinant human Acid Sphingomyelinase 
Enzyme administered intravenously demonstrated a significant improvement in the non-neuronopathic type 
of ASMD in phase 2/3 trials. In June 2022, the European Medical Agency granted the ERT, olipudase alfa, mar-
keting authorization. The prevalence of inherited metabolic disorders, including lysosomal storage diseases, 
is relatively higher in the Arab world than in the rest of the world due to the high consanguinity rate. In this 
study, we aim to review the current landscape of ASMD in the Gulf Cooperation Council countries and gather 
insights from experts regarding the roadmap to diagnosis, prevalence, and management approaches of ASMD 
in the region.

Keywords: Acid sphingomyelinase deficiency, lysosomal storage diseases, enzyme replacement therapy, 
Niemann-Pick disease, acid sphingomyelinase enzyme.

https://doi.org/10.24911/JBCGenetics/183-1664963756


42

chronic visceral ASMD (NPD-B) is characterized by a 
variable age of onset and slow progression resulting in 
multisystem affection in the absence of neurological 
impairment (6). Therefore, the diagnosis of ASMD 
is usually delayed or missed (particularly in chronic 
visceral form) due to the wide variation in the clinical 
presentation of the disease. The diagnosis is confirmed 
by reduced or absent ASM enzyme activity measured in 
peripheral blood leukocytes and cultured skin fibroblasts. 
Dried blood spots (DBS) can be used to measure ASM 
enzyme activity as a practical screening tool. However, 
low activity should be confirmed by measurement in 
peripheral blood leukocytes or cultured skin fibroblasts 
or/and the presence of a pathogenic variant in both alleles 
in the SMPD1 gene (6,7).

Despite the progressive nature of ASMD, symptomatic 
treatment and supportive care remained the only available 
management options for affected patients. However, the 
introduction of enzyme replacement therapy (ERT) has 
significantly changed the management landscape of the 
disease (8). Currently, ERT with a recombinant human 
ASM Enzyme administered intravenously demonstrated 
a significant improvement in the non-neurological 
manifestations of ASMD in phase 2/3 trials (8). In 
addition, ERT showed its safety in adults with chronic 
ASMD (9). A recent phase 1/2 study demonstrated ERT’s 
tolerability and disease-modifying effects on children 
with chronic ASMD (10). Based on such results, ERT 
has been granted breakthrough therapy designation 
submission by the Food and Drug Administration. In 
June 2022, the European Medical Agency granted the 
ERT, olipudase alfa, marketing authorization. Thus, 
experts from the present report stated that the results 
of ERT are promising, and its anticipated introduction 
to clinical practice is likely to advance the management 
of ASMD. The observed improvements in the ASMD 
outcomes in clinical trials are expected to be translated 
into clinical benefits in the real-world setting and 
advance the treatment landscape of ASMD management. 
However, multinational collaboration with a larger pool 
of patients and longer follow-ups are necessary to confirm 
ERT’s long-term clinical benefits. The prevalence of rare 
metabolic disorders, such as lysosomal storage diseases 
(LSDs), is presumed to be comparatively higher in the 
Arab world than in the rest of the world due to the high 
rate of consanguineous marriages (11). In this report, 
we aim to review the current landscape of ASMD in the 
Gulf Cooperation Council (GCC) countries and gather 
insights from experts regarding the roadmap to diagnosis, 
prevalence, and management approaches of ASMD in the 
region.

Methodology

On Friday, Nov 12, 2021, an experts’ meeting was held 
to gather the insights and recommendations of the GCC’s 
experts concerning the current prevalence of ASMD 
in the region and the unmet medical needs in terms of 
disease diagnosis and management. The panel consisted 
of seven experts with comprehensive experience 
managing rare metabolic diseases. It was affiliated with 
academic or healthcare institutions within the GCC 
countries: Kingdom of Saudi Arabia (KSA), Qatar, 

Oman, and the United Arab Emirates (UAE). The panel 
represented current practices in different healthcare 
sectors across the GCC countries. During the preparation 
of this manuscript, we conducted a comprehensive 
literature search to retrieve the current evidence for 
ASMD epidemiology, diagnosis, and management from 
the following databases: Medline via PubMed, Scopus, 
Embase, ScienceDirect, ClinicalKey, Cochrane library, 
and the known guideline organizations and societies 
guidelines websites, such as the International Niemann-
Pick Disease Registry project (www.inpdr.org). The 
online search covered these databases from their 
inception till June 2022.

Epidemiology of ASMD

Although ASMD is a pan-ethnic disorder and affects 
both sexes similarly, the accurate prevalence is unknown. 
Globally, the estimated birth prevalence is 4-6 per 1,000,000 
live births, while the global prevalence is estimated to 
be 1 in every 250,000 individuals (12). Nonetheless, it 
is suggested that these figures underestimate the actual 
burden of ASMD since there are many undiagnosed cases, 
in addition to the lack of awareness about the disease in 
the medical community, especially in primary healthcare 
settings (3,7). Furthermore, the current body of evidence 
shows differences in the incidence of ASMD according 
to ethnicity; the highest birth prevalence is found in the 
Ashkenazi Jewish community, estimated to be 2:3 per 
100,000 births for NPD-A (1). Besides, geographical 
disparities were also noted concerning the epidemiology 
of ASMD. In South America, the incidence of ASMD was 
approximately 1 per 500,000 live births (13), compared 
to 1 per 250,000 live births in Europe (14). In addition, 
the age of presentation of ASMD varies according to its 
subtypes, while the incidence of the disease shows slight 
female predominance (15).

Rare genetic disorders are presumably more prevalent 
amongst the Arab population than in other parts of the 
world. Previous reports hypothesized that the high rate 
of consanguinity (up to 60%) is a significant contributing 
factor to the comparatively high prevalence of genetic 
disorders in the Arab world (16).

Only a few reports investigated the incidence and 
prevalence of ASMD in the Arab world; nonetheless, 
they showed a comparatively higher prevalence of ASMD 
than in other parts of the world. Moammar et al. (17) 
retrospectively retrieved the data of 165,130 live births in 
the Eastern region of KSA over 25 years. A total of eight 
cases with NPD type A were identified, given an incidence 
rate of 5 per 100,000 live births. The overall incidence of 
LSDs was 44 per 100,000 live births. In another report 
from the Eastern region of KSA that covered the period 
from 1983 to 2016, the prevalence of NPD type A/B was 
3.31 per 100,000 live births (18). According to Alfadhel 
et al. (19) the incidence of LSDs was 37 per 100,000 live 
births at a tertiary center in KSA over 13 years, while 
one case with NPD type B was identified out of 110,601 
live births. In the UAE, Al-Jasmi et al. (20) reviewed 
LSD cases at the metabolic referral centers to determine 
the birth prevalence of LSDs and associated genetic 
variants. The birth prevalence of NPD type B was 0.25 
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per 100,000, while there were no reported cases of NPD 
type A. The incidence of LSDs in Oman was reported 
to be 1 per 2,318 live births (21). In a 2021 systematic 
review of genetic disorders in Tunisia, the prevalence 
of ASMD type B was reported to be 1 per 200,000 live 
births (22). From the above studies, we can conclude that 
the incidence of ASMD in Arab countries appears to be 
higher than in western countries.

However, the reports mentioned above were limited to 
one geographical area and lacked generalizability to the 
GCC countries’ entire population. Besides, most of the 
studies were retrospective and carried the limitations of 
misclassification and ascertainment bias. Thus, there is a 
need for a regional study with multi-center collaboration 
to truly reflect the actual incidence and prevalence 
of ASMD in the GCC countries. Besides, a national 
newborn screening program is required to precisely 
reflect the current burden of ASMD and other LSDs in 
the GCC countries.

Experts’ opinion

The panel emphasized the lack of national registries and 
reliable newborn screening programs that can accurately 
estimate the incidence of ASMD in the GCC countries. 
Experts from Qatar stated that they have 12 patients with 
confirmed ASMD in their institution’s database (four 
type A, two type A/B, and six type B). All of them are 
Qatari, and there are three siblings among them. At the 
same time, experts from Oman reported three patients 
with ASMD type B. In UAE, there are four patients with 
ASMD type B and one with ASMD type A. Concerning 
KSA. The advisors reported nine confirmed ASMD 
patients in KSA; two cases have ASMD type A, while the 
remaining seven have ASMD type B. The experts agreed 
on the scarcity of published literature that assesses the 
prevalence of ASMD in the GCC region. They confirmed 
that many ASMD patients might be undiagnosed; 
hence, the currently limited figures underestimate the 
true prevalence of ASMD in the region. Several factors 
account for this underestimated figure, including the lack 
of national registries for ASMD in the GCC countries, the 
lack of newborn screening programs for LSDs in many 
GCC countries, and limited awareness of the presentation 
of ASMD among healthcare providers.

Pathogenesis of ASMD and Associated Genetic 
Variants

ASMD is genetically inherited and results primarily 
from bi-allelic variants in the SMPD1 gene presented 
in the chromosome 11 Band (11p15.4), encoding for 
ASM enzyme (23), responsible for catalytic hydrolysis 
of sphingomyelin to ceramide and phosphocholine inside 
the Lysosomes, which in turn leads to deficiency or 
impairment of ASM enzyme activity (24). As a result, 
progressive accumulation of sphingomyelin and other 
lipids occurs in the brain and other organs, such as the 
spleen, liver, lung, and bone marrow. The abnormal 
increase in sphingomyelin in different cells results in 
damage to related tissues and multiple organ involvement 
(6). In pathological examinations, the presence of foam 

cells, which are large lipid-laden cells, in the examined 
tissues of the affected organ is suggestive of ASMD (6). 

ASMD is classified into three phenotypes (A, A/B, 
B) according to the disease’s clinical manifestations, 
neurological degeneration, and severity. SMPD1 gene 
variants reflect the severity of the disease, which in turn 
correlates with ASM residual enzyme activity (4). 

Over 720 distinct known pathogenic variants causing 
ASMD have been described on the SMPD1 gene, 
including frameshift, missense, nonsense, and frame 
deletions. These variants differ according to geographical 
variations (24), and the genotype-phenotype correlation 
is known for some variants (25). To illustrate, three 
known variants in the SMPD1 gene (R496L, L302P, 
and fsP330) are commonly present in Ashkenazi Jewish 
ancestry and represent over 90% of the ASMD patients 
in this population. The three variants are associated 
with ASMD phenotype A (26). The SMPD1 variant 
(A359D) in Chilean patients was associated with ASMD 
phenotype B (14). ASMD phenotype A/B is associated 
with p.W393G and p.Q294K genetic variations (27,28)

In North Africa, (R610del) variant is the most prevalent 
SMPD1 variant correlated with a mild form of ASMD 
phenotype B without neurological impairment (29,30). 
Moreover, the two alleles (677delT and R608) correlate 
with severe progressive ASMD phenotype A in Israeli 
Arabs and ASMD phenotype B in northern Africa, 
respectively (28,30).

Presentation and Subtypes

Type A

The most severe form of ASMD is NPD-A, also known 
as infantile neurovisceral ASMD (5). ASM Enzyme 
activity in this type is deficient to non-existent (31). Early 
infancy symptoms include failure to thrive, hypotonia, 
neurodegeneration, dysphagia, hepatosplenomegaly, and 
pulmonary involvement (2). On the other hand, there is 
no cardiac or musculoskeletal involvement. Based on the 
severity of the disease, psychomotor development may 
generally proceed for several months after birth before 
plateauing between the ages of 6 and 15 months and 
regressing. Death usually occurs before 3 years and is 
caused by respiratory failure due to infection (2). 

Type A/B

Compared to infantile neurovisceral ASMD, NPD A/B, 
also known as chronic neurovisceral ASMD, has a slower 
progression of neurological symptoms and a longer life 
expectancy (28,32). It is an intermediate form of ASMD 
with childhood onset and is characterized by learning 
disabilities, psychiatric symptoms, extrapyramidal 
signs, peripheral neuropathy, and ataxia (5). In 
addition, it presents macular halo, diarrhea, abnormal 
liver function tests, portal hypertension, liver fibrosis, 
and hepatosplenomegaly (2). Thrombocytopenia and 
bleeding tendency are the predominant hematologic signs 
in these patients (5). Reported cardiac and pulmonary 
manifestations include early-onset coronary artery 
disease, mixed dyslipidemia, cardiac valve disease, 
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interstitial lung disease, abnormal pulmonary function 
tests, and radiological findings (33-35). Previous reports 
showed that patients with chronic visceral ASMD showed 
pulmonary nodules, reticular or reticulonodular patterns, 
and, eventually, honeycombing (35,36). Moreover, 
growth restriction, delayed bone maturation, reduced 
bone density, and bone and joint pain are commonly 
seen (37). Premature death can occur during childhood 
or adulthood due to respiratory and liver disease (38,39). 

Type B

NPD-B, or chronic visceral ASMD, occurs at any time 
from infancy to adulthood and is marked by a gradual 
progression of multisystem disease symptoms without 
neurodegeneration (4,40). NPD-B is associated with an 
average life span; however, disease complications such 
as bleeding, liver failure, and respiratory failure can 
induce premature death (38,39). Hepatosplenomegaly 
is the most frequent first symptom in early childhood; 
however, moderate illness may not be detected until 
maturity (5). Delays in puberty, tiredness, bone pain, 
osteopenia, thrombocytopenia, and anemia are common 
clinical findings in children (37). Pulmonary infections 
and interstitial lung disease are prevalent, and pulmonary 
function can deteriorate with time (35,4). Mixed 
dyslipidemia is observed early in the disease course, 
and some individuals develop coronary artery disease 
(34,41). Hepatic fibrosis, ranging from mild to severe, is 
common, and the worsening of liver disease can lead to 
early death in some patients (42,43). Progressive portal 
hypertension and sphingomyelin deposition can lead to 
progressive splenomegaly (5).

There is considerable overlap in the clinical presentation 
between ASMD and Gaucher disease. Gaucher disease 
is the most common LSD. It is an autosomal recessive 
disorder due to a deficiency of the lysosomal enzyme, 
known as glucocerebrosidase, resulting in the progressive 
accumulation of glucosylceramide. The birth incidence 
is estimated at 1 per 40,000 to 1 per 60,000 live births. 
Pathogenesis of Gaucher disease is related to genetic 
variations in the GBA1 gene. Clinical presentations of 
Gaucher disease include; hepatosplenomegaly with 
or without hypersplenism, thrombocytopenia, bony 
lesions, and osteopenia, in addition to neurological 
manifestations in type 2 and 3. These symptoms are 
also common with ASMD. Therefore, differentiation 
between the two disorders should be integrated as an 
essential component of the diagnostic algorithm of 
ASMD (44,45). Thus, parallel testing of ASM and acid 
β-glucosidase (the deficient enzyme in Gaucher disease) 
may be recommended to distinguish between the two 
diseases. 

Experts’ opinionThe panel agreed that the distribution 
of the ASMD subtypes in the GCC countries is similar 
to the global figures. The presentation of the patients 
with ASMD from the experts’ institutions is reported in  
Table 1.

Natural History

The findings of the natural history studies are summarized 
in Table 2.

Hepatosplenomegaly and liver function

Wasserstein et al. (40) assessed 29 patients with NPD-B 
and reported that among patients with NPD-B, the mean 
volume of the spleen was 12.7 multiples of normal 
(MN), and the mean volume of the liver was 1.91 MN. In 
addition, two patients were subjected to splenectomy due 
to hypersplenism. Similar to these findings, McGovern et 
al. (46) , who included 59 NPD-B patients in their study, 
found that 73% and 78% of the patients had hepatomegaly 
and splenomegaly, respectively, and presented with a mean 
volume of spleen of 11.1 ± 5.7 and a mean liver volume of 1.9 
MN ± 0.7. Four patients had a total splenectomy, and one had 
a partial splenectomy. They highlighted that spleen volume 
was negatively correlated with white blood cell count (r = 
-0.47; p < 0.001), hemoglobin (r = -0.33; p = 0.02), height 
Z-score (r = -0.51; p = 0.0001), high-density lipoprotein 
(HDL) (r = -0.62; p < 0.001), and positively correlated with 
triglyceride level (r = 0.55; p < 0.001) and liver volume  
(r = 0.76; p < 0.001). The liver volume correlated positively 
with the serum level of aspartate transaminase (AST) (r = 
0.64; p < 0.001) and alanine transaminase (ALT) (r = 0.60; 
p < 0.001) (46).

Another study by McGovern et al. (38,47) showed that all 
patients with NPD-B had splenomegaly, 7.7% underwent 
total splenectomy, 1.9% underwent partial splenectomy, 
and 8.7% of the patients had liver diseases such as liver 
failure and cirrhosis. They proposed that splenectomy is 
an independent risk factor for mortality in patients with 
NPD-B.

According to Hollak et al. (4) all patients with NPD-A 
had hepatosplenomegaly. In contrast, in the NPD-B 
group, all patients had splenomegaly, 90% had 
hepatomegaly, and one patient underwent splenectomy 
due to severe cytopenia. Cassiman et al. (39) showed 
that 82.6% of patients with NPD-B and A/B had liver 
dysfunction, 91.4% had hepatomegaly, and 96.6% had 
splenomegaly. Likewise, Cox et al. (48) reported that 
hepatosplenomegaly was more frequent in patients with 
NPD-A (92%), followed by NPD-A/B (83%) and NPD-B 
(80%). 

Regarding the liver function test, patients with NPD-B 
were noted to have elevated transaminase (ALT and AST) 
levels with normal bilirubin levels, except for one patient 
who died due to liver dysfunction. They observed that 
bilirubin levels tended to be higher in adults compared 
with children (p = 0.01) (40). In around half of the 
patients in the McGovern study (46), ALT and AST 
were increased, whereas total bilirubin was raised in a 
third. Similar findings were reported by Hollak et al. 
(4) who found that 2/3 and 19/20 patients with NPD-A 
and NPD-B, respectively, had elevated levels of liver 
enzymes, which was more apparent in young patients and 
those with severe illness. 

Lipid abnormalities

Wasserstein et al. (40) showed that the majority of NPD-B 
patients had low levels of HDL cholesterol, borderline to 
high triglycerides (TG), low-density lipoprotein (LDL) 
cholesterol, and total cholesterol (TC). The worst lipid 

profile was observed in males and adults. In the study 
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of McGovern et al. (46) lipid profile abnormalities were 
common in NPD-B patients; low HDL-C (74%), high TC 
(41%), high TG (62%), and high LDL-C (46%). On the 
other hand, Hollak et al. (4) study that included a group 
of patients with NPD-A, A/B, and B reported that 12/16 
patients had low HDL-C values at baseline; however, 
throughout follow-up, HDL-C levels steadily fell in 
two patients and remained steady in the others. LDL 
cholesterol levels were lower in five cases and higher in 
one. Adults and children, intermediate and attenuated 
phenotypes, and sex were shown to have no significant 
differences.

Moreover, Wasserstein et al. (40) mentioned that statins, 
exercise, and dietary modifications could improve 
TG, TC, and LDL-C serum levels. However, these 
interventions should be applied with caution, as patients 
with severe NPD-B are associated with deterioration 
in transaminase levels and pulmonary function after 
administering statins. Moreover, the risk of coronary 
artery disease is substantially higher in this group of 
patients, as the serum levels of HDL-C tended to be low 
in all age groups and did not respond to the previously 
mentioned interventions.

Pulmonary studies

The lung is a target organ of the disease and contributes 
to morbidity and mortality in patients with ASMD 
(38). Accumulation of foamy macrophages, interstitial 
fibrosis, and endogenous lipid pneumonia are the most 
common findings in lung biopsies in adults with NPD-B 
(49). The pulmonary function tests (PFTs) results 
indicated a restricted pattern of lung involvement with 
impaired diffusing capacity, which is consistent with 
interstitial lung disease. Many NPD-B patients are 
asymptomatic; however, those more seriously affected 
may have cyanosis, recurring respiratory infections, 
shortness of breath, cough, clubbing, and rhonchi (40). 
In the study of McGovern et al. (46,47) interstitial lung 
disease and pulmonary dysfunction were reported in 
66% of the patients with NPD-B. An increase in the 
number of patients with abnormal PFT over time, and the 
fact that older patients with NPD-B were associated with 
lower mean PFT values compared to younger patients, 
support the progressive nature of the pulmonary disease 
in this group (40). In the study of Hollak et al. (4) there 
is no data on pulmonary function for NPD-A patients; 
however, variable degrees of restrictive lung disease and 
impaired CO-diffusion were found in the 21 NPD-B 
patients. Pulmonary involvement was reported to be 
higher in patients with NPD-B versus. NPD-A/B (79.2% 
vs. 65.0%), according to Cassiman et al. (39). In NPD-B 
patients, pulmonary dysfunction is linked to a higher risk 
of respiratory infections, leading to respiratory failure 
(39). Recurrent respiratory tract infections and persistent 
lung function deterioration can worsen the quality of life 
(48,50-41).

Cardiac studies 

McGovern et al. (46) showed that 28% of patients with 
NPD-B had ECG abnormalities, including conduction 

abnormalities, left ventricular hypertrophy, and sinus 
bradycardia. Moreover, two patients had a history of 
myocardial infarction (MI). Regarding echocardiography, 
half of the patients showed abnormalities such as pulmonary 
hypertension, moderate to severe aortic regurgitation, mild 
ventricular dysfunction, and mild mitral valve regurgitation. 
The same group of investigators published another report 
that showed a much lower prevalence (8.7%) of cardiac 
diseases in patients with NPD-B, in the form of valvular 
heart disease and coronary artery disease (38). In contrast to 
pulmonary, cardiac involvement was more frequent in NPD-
A/B patients than in NPD-B (62.5% vs. 39.2%) respectively 
(39). 

Hematologic indices

Platelets and leukocyte count decrease as patients 
age, indicating the natural course of hematologic 
problems, although hemoglobin concentration remained 
constant. The diminishing cell numbers are most likely 
attributed to hypersplenism. Infection, particularly in 
the respiratory system, and bleeding episodes are two 
clinical implications of progressive leukopenia and 
thrombocytopenia (40). In patients with NPD-A, 4/5 
patients had anemia; however, thrombocytopenia was less 
common in this group of patients. While in the NPD-B, 
15/18 patients had thrombocytopenia, and 6/18 patients 
had anemia, mainly reported in intermediate phenotype 
and young patients (4). Hematologic manifestations were 
reported to be more prevalent in NPD-B patients than in 
NPD-A/B (Anemia 69.2% vs. 57.1%; thrombocytopenia 
74.1% vs. 50%), respectively (44). 

Genotype/phenotype correlations

Homozygosity for missense variants such as P330R, 
P323A, and R608 was linked to mild disease. On the 
other hand, moderate and severe patients were presented 
with a combination of heterozygotes for R608 and 
another variant, indicating that the other missense 
genetic variations, such as H425K, W391G, R600H, 
R441X, R496L, P475L, and H567L, are more hazardous 
(40). Similarly, McGovern et al. (46) reported that the 
most frequent variant in NPD-B patients was R608 
(48%), and the most common type of genetic lesion was 
missense (59%). They also mentioned that the R608 
variant is associated with non-neuronopathic and milder 
disease (38). Another report found that the most common 
variants were p.R610del, p.R476W, p.R498L, p.R476W, 
p.M1T, and p.Q294K (47). 

The p.Arg610del variant was detected in 61.9% of 
individuals with NPD-B in the study of Hollak et al. (4) 
and 62% in Lidove et al. (52). This genetic variation was 
consistently linked to NPD-B disease in both compound 
heterozygous variant and homozygous forms; in this 
study, 12 of the 25 patients were of Dutch or Belgian 
ancestry, 7 patients were Turkish, 2 from Morocco, 2 from 
Tunisia, 1 from Iraq, and 1 of Surinamese descent (4). 
In the Cassiman study (39), which included a literature 
review of 85 patients, the most common variant in 
patients with NPD-B was p.R610del and p.A359D, while 
in NPD-A/B, the most common variant was p.Q274R. 
The mild p.L163P variant was found in two patients 
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with NPD-B, confirming the variant’s mild nature. Two 
sisters were homozygous for the p.R230C variant (4), 
previously found in a group of NPD-B patients (53). Both 
had a severe illness history with substantial lung disease 
but no neurological signs. Both died early, the first from 
respiratory failure and the second post hematopoietic 
stem cell transplantation (4).

Other variants were also reported to be linked with 
NPD-B disease, including p.L551P, p.C91H, and p.L103P 
variants, while in NPD-A, p.Y539H, p.P477L, p.F465S, 
p.G29DfsX48, and p.S250R variants were reported. 
Regarding patients with NPD-A/B, the most reported 
variants were p.R230C, p.L105P, p.C91H, p.R610del, 
p.L474QfsX20, and p.V557IfsX19 variants (4).

Neurological and ophthalmological findings

According to McGovern et al. (46) all patients with NPD-B 
had normal mental development, coordination, muscle 
strength, sensation, deep tendon reflexes, and cranial 
nerve function. Peripheral neuropathy was reported in 
11%, 25% had cherry-red spots, and 8.4% had cognitive 
impairment. In another report by McGovern et al. (38) 
neurological diseases in the form of sensory dyspraxia, 
learning disabilities, petit mal seizures, and ataxia were 
recorded in 12.6% of NPD-B patients. Cherry red spots 
were recorded in 1 out of 4 patients with NPD-A and 1 
out of 21 patients with NPD-B in the study of Hollak et al. 
(4). Furthermore, they reported that severe neurological 
manifestations also led to early death in 4 out of 5 
patients with NPD-A. In patients with NPD-B, 4 out of 
21 patients had neurological manifestations, including 
mental retardation, Parkinson’s disease, peripheral facial 
palsy, multiple sclerosis, and delayed psychomotor 
development (4). It was reported that neurologic and 
ophthalmic involvement was significantly higher in 
patients with NPD-A/B than in NPD-B patients (68.8% 
vs. 33.3%; p = 0.032 and 55.6% vs. 15.7%; p > 0.0001, 
respectively). Also, patients 18 years old or younger at 
the time of death or liver transplant had more significant 
neurological symptoms (p = 0.048) (39).

Mortality

In the study of Wasserstein et al. (40) three patients died 
from ages 9 to 18 years due to liver failure, traumatic 
subdural hematoma, and long-term complications post 
a failed bone marrow transplant. Four patients with 
NPD-A died due to severe neurological manifestations, 
subdural hematoma, malignant edema, and pneumonia, 
according to Hollak et al. (4) Five NPD-B patients died, 
three due to progressive pulmonary disease related to 
ASMD, one of malignancy and one of unknown cause. 
The McGovern et al. study reported 18 deaths in patients 
with NPD-B. Respiratory failure/Pneumonia (n = 5) 
were the leading causes of mortality. Three patients died 
of liver failure, while three others died of complications 
post-bone marrow transplant. Subdural bleeding, multi-
organ failure, low-output heart failure, liver cancer, 
splenic vein tear, and postoperative bleeding were among 
the mortality reasons in one patient each (38). In a 
retrospective analysis of 100 patients, 12 patients were 
deceased; ten patients with NPD-A/B died at a mean age 

of 2.4 years from hepatic failure (n = 1), pneumonia (n 
= 3), respiratory failure (n = 2), lung disorder (n = 1), 
or unknown causes (n = 3). Two patients with NPD-B 
died from hepatic failure at 2 years of age and respiratory 
failure at 42 years of age (48). In a recent study, eight 
patients died from reasons linked to ASMD morbidities. 
Three patients aged 20, 35, and 71 died from pneumonia. 
While two patients aged 16 and 65 died from liver failure 
or cancer, respectively. One patient died due to a tear in 
the splenic vein at 14. The other two individuals died 
at 17 and 56 years old due to portal hypertension with 
esophageal varices and multiorgan failure. Pneumonia 
was by far the most prevalent cause of mortality (47).

Quality of life assessment

Based on parental reports, diminished quality of life in 
pediatrics with NPD-B was demonstrated in the following 
domains: parental impact–emotional, general health 
perceptions, mental health, and physical functioning, 
assessed by CHQ-PF50. In adults, the 36-Item Short Form 
Health Survey questionnaire (SF-36) subscale showed no 
significant impact of the disease on mental health, role-
emotional, social functioning, vitality, bodily pain, role-
physical, and physical functioning (46). According to 
Cox et al. (48) who assessed 100 patients with ASMD, 
5% worked part-time due to disability, 16% did not 
work due to disability, and 27% did not work for other 
reasons. Early diagnosis and appropriate management 
are essential for reducing the risk of complications and 
improving quality of life (52).

Experts’ opinion

The panel highlighted that lung involvement in ASMD 
is usually underdiagnosed, and the percentage of lung 
involvement in ASMD is considerable and should not 
be passed unnoticed. Pulmonary involvement amongst 
ASMD patients from the GCC countries usually includes 
tachypnoea, shortness of breath, recurrent hyperactive 
airway disease, and recurrent respiratory infection. On the 
other hand, the experts stated that most ASMD patients 
present with hepatosplenomegaly and dyslipidemia. On 
the other hand, ophthalmological findings were mainly 
cherry red spots in patients with ASMD type A. 

Typically, ASMD patients in the GCC seek medical 
advice from a general pediatrician or gastroenterologist 
before seeing a healthcare provider specializing in rare 
disorders. The lack of awareness about ASMD among 
general pediatricians and gastroenterologists usually 
leads to a significant delay in diagnosing ASMD. In 
a considerable proportion of patients from the GCC 
region, several years elapse between symptom onset and 
diagnosis, which can be as long as 3-10 years. 

The panel highlighted the need to increase awareness 
about ASMD symptoms to help healthcare providers 
prompt early diagnosis and improve patients’ quality of 
life. Moreover, the experts recommended establishing 
more centers of excellence in the GCC region to help with 
early and proper diagnosis of rare diseases like ASMD. 
In addition, enhanced access to diagnostic centers and 
specialized services will help reduce the diagnostic 
delay and improve the outcomes of ASMD in the region. 
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A diagnostic care pathway for ASMD aiming to reduce 
referral time should be developed and implemented to 
positively impact the diagnostic journey for this disorder. 
Educational programs targeting general pediatricians, 
hematologists, pulmonologists, and gastroenterologists 
should be conducted. 

Diagnostic Approaches

Enzyme activity testing in ASMD

When there is a suspicion of ASMD, an enzyme assay 
for ASM activity should always be done first, followed 
by gene sequencing once the biochemical diagnosis 
has been established (5). To differentiate ASMD from 
Gaucher disease, glucocerebrosidase activity should be 
measured simultaneously (54). The presence of ASMD 
should be demonstrated by the lack of considerably 
reduced enzyme activity below the cut-off values, 
considering the numerous unique genetic variants of 
unknown significance (1). Other clinical and laboratory 
findings, such as lipid-laden foam cells and mixed 
dyslipidemia, while highly suggestive of ASMD, do not 
replace the need for confirmation by enzyme test results. 
In strong clinical suspicion for ASMD, direct molecular 
testing for known pathogenic mutations or familial 
mutations can be performed to confirm the diagnosis. 
However, if molecular analysis reveals variants of 
uncertain significance, an enzyme assay is essential to 
fully confirm the diagnosis.

DBS, fibroblasts, and isolated peripheral blood can all be 
used to evaluate ASM enzyme activity (55). Whole blood 
is typically required by laboratories that take samples 
from worldwide, allowing the same sample to be used 
for second-tier testing (5). DBS that are particularly 
stable may be utilized; however, DBS testing has limits, 
including the impact of anemia and recent transfusions 
on findings (56,57). Because of its increased analytical 
range and more accurate assessment of enzyme activity 
in the lower detection ranges, tandem mass spectrometry 
(MS/MS) is preferred for assaying ASM activity over 
fluorometric assays, as well as radio-labeled native 
sphingomyelin substrate due to the need for radiochemical 
licenses (58). With MS/MS tests, there is improved 
discrimination between unaffected and affected patients, 
according to fluorometry comparisons (59).

Pathogenic variant

Gene sequencing is indicated following confirmation 
of the diagnosis by demonstrating diminished ASM 
activity (5). More than 720 genetic variations have 
been identified in the (SMPD1) gene. Splicing genetic 
variations, small and large insertions, deletions, and 
splicing abnormalities often cause little or no residual 
ASM activity and are more likely to cause severe ASMD 
phenotype (5). Chronic ASMD is more likely to come 
from missense and other lesions (such as in-frame codon 
deletions) that maintain high residual activity (e.g., >5% 
of wild-type ASM activity, depending on the cell and test 
method) (60). In the Ashkenazi Jewish community, three 
genetic variations, p.P333Sfs, p.L304P, and p.R498L, 
account for more than 90% of NPD-A/B (61).

The most frequent variant in individuals with NPD-B 
is p.R610, which is seen in 20% of all North African, 
Western European, and North American patients (62). 
When homoallelic or heteroallelic, p.R610 is linked 
with a larger quantity of residual enzyme activity and 
is considered neuroprotective (5). A 10-year study of 
29 individuals with NPD-B found that homozygosity 
variants of p.P332R, p.P325A, and p.R610del are linked 
to attenuated illness (40). L549P, fsP189, and L137P 
account for approximately 75% of the alleles in Turkish 
patients, and K576N and H421Y variants account for 
approximately 85% of the alleles in Saudi Arabian 
patients (70). In Portuguese/Brazilian patients, F480L, 
R474W, R441X, and S379P variants are common, while 
in Scottish/English patients, the most common variant is 
A196P (70). Further studies are required to identify new 
SMPD1 variants and their phenotypic correlations.

Biomarkers and follow-up

Once an ASMD diagnosis has been obtained, biomarker 
testing may benefit disease monitoring. The presence of 
elevated levels of one or more markers is never enough to 
diagnose ASMD, even though they might help determine 
disease severity. As ERT becomes accessible, ASMD 
biomarkers may become more critical for monitoring 
therapy responses (5). For example, in NPD-B, plasma 
chitotriosidase, a biomarker of macrophage activation, is 
significantly elevated (63). Even though chitotriosidase 
plasma levels in ASMD are lower than those seen in 
individuals with Gaucher disease, chitotriosidase might 
be a viable diagnostic for chronic ASMD (53,64). 
However, up to 6% of people have a recessively inherited 
chitotriosidase deficiency, and genetic variations in the 
chitotriosidase gene that affect test results can lead to 
inaccurate interpretations of chitotriosidase plasma 
levels (65,66).

CCL18 levels in the blood are also elevated in individuals 
with ASMD and Gaucher disease, which can be used as 
a surrogate measure for disease activity (63,67). When 
patients with chitotriosidase deficiency, this biomarker 
becomes particularly useful. In various LSDs, plasma 
glycosphingolipids are indicators of sphingolipidosis. 
Glucosyl sphingosine, for example, is a specific and 
sensitive biomarker for Gaucher’s illness that is not 
elevated in other LSDs (68).

Lysosphingomyelin levels are higher in the DBS and 
plasma of individuals with chronic ASMD, indicating 
that it might be used as a biomarker; nevertheless, more 
research is needed (69).

Diagnostic algorithm

An algorithm for diagnosing ASMD presenting in 
childhood has been developed based on the common 
clinical manifestations of ASMD, differential diagnoses, 
and diagnostic testing approaches. If the patient presents 
with splenomegaly with or without hepatomegaly, in 
addition to one or more features suggestive of ASMD 
such as low HDL-C, hypotonia, developmental delay, and 
cherry red spots, in that case, he/she should be subjected 
to ASM enzyme activity. If the activity is low, SMPD1 
gene sequencing should be performed; if not, repeat the 
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enzyme assay using MS/MS. Gene sequencing results can 
be used for genotype-phenotype correlation. In case of 
an unknown phenotype, a clinical assessment should be 
performed. To detect NDP-B in adults, the same approach 
should be followed; however, the suggestive features of 
ASMD are mainly pathologic fracture, interstitial lung 
disease, and low HDL-C. 

Gaucher disease differential diagnosis

Gaucher disease is an autosomal recessive inherited 
disorder of metabolism that results from a low activity 
or absence of the glucocerebrosidase enzyme (70). 
Because individuals with Gaucher disease and NPD 
have comparable and overlapping clinical symptoms, a 
thorough laboratory workup examining both diseases 
simultaneously is critical (5). Type 1 GD is a non-
neuronopathic form, and type 2 and 3 are neuronopathic. 
Type 1 GD and NPD-B symptoms are similar, including 
failure to thrive, bone marrow involvement, irritability, 
cytopenia, and hepatosplenomegaly (71). Enzyme assays 
are used to get a definitive diagnosis for both disorders. 
Molecular testing can help to verify diagnoses, screen 
family members, and predict the disease’s prognosis 
(70). It was reported that one patient, out of a total of 
five patients, with suspected Gaucher had an ASMD and 
was diagnosed with ASMD type A/B; therefore, it is 
recommended to test suspected patients for both Gaucher 
and ASMD simultaneously (72).

Experts’ opinion

The experts highlighted the comparatively high incidence 
of rare metabolic disorders in the GCC region, including 
ASMD. Thus, patients suspected of ASMD should be 
immediately referred for ASM enzyme activity assay and 
genetic counseling. However, they stated that the limited 
access to genetic testing and enzyme assays in the GCC 
countries are significant challenges that can delay the 
diagnosis of ASMD patients; however, the landscape 
is improving with the introduction of faster and more 
reliable diagnostic methods such as next-generation 
sequencing. Additional challenges in diagnosing ASMD 
include the non-specific and highly variable disease 
features, prohibitive cost of genomic testing, and lack 
of awareness amongst healthcare practitioners regarding 
the overlapping features between ASMD and Gaucher 
disease. 

Therefore, the panel also advocated the development of a 
unified and comprehensive diagnostic algorithm that can 
aid in the timely identification and diagnosis of patients 
with suspected ASMD. This algorithm should advocate 
ASM enzyme activity in children with splenomegaly, 
with or without hepatomegaly, and ≥ one suggestive 
feature of ASMD, such as low HDL-C, high cholesterol, 
high triglyceride, thrombocytopenia, and anemia. If 
the activity is low, SMPD1 gene sequencing should be 
performed; if not, repeat the enzyme assay using MS/MS. 

Management of ASMD

In the current literature, there is no known curative therapy 
for managing ASMD. Only symptomatic treatments and 

supportive care are available to improve the quality of 
life for ASMD patients (6). First, evaluations of the 
ASMD-diagnosed individuals should be performed 
to define the severity and extent of the disease so that 
the management plan can be designed accordingly 
(73). Management of ASMD manifestations requires 
an interdisciplinary approach, as it needs coordination 
between different healthcare physicians (74). 
Splenectomy may be performed for patients suffering 
from severe splenomegaly with hypersplenism (75,76). 
However, some studies proposed that splenectomy is 
an independent risk factor for mortality in patients 
with NPD-B (38,47) and should be avoided as much as 
possible. In addition, liver transplantation is considered 
for patients with liver failure (1). In extensive lung 
disease, oxygen supplements and the administration 
of vaccines against respiratory pathogens to decrease 
the risk of pulmonary infections are advised (6). Other 
symptomatic treatments may be prescribed, such as lipid-
lowering drugs, multivitamins, mineral supplements, and 
growth hormone therapy. Besides, psychotherapy has an 
essential role in management (73). In contrast, the safety 
concern regarding bone marrow transplantation (BMT) 
and total lung lavage largely outweighs their benefits for 
ASMD patients (1). 

BMT was proposed in ASMD patients with equivocal 
results. Previous results showed that BMT might 
improve neurological involvement; nonetheless, with a 
high incidence of severe complications of the transplant 
procedure (77). To date, BMT has been extensively 
studied in animal models, with limited data on humans 
and a lack of clinically-relevant outcomes (78). Besides, 
BMT did not prevent disease progression in a patient 
with ASMD type A, despite early transplantation (79)

ERT is an intravenously administrated recombinant 
human ASM to treat non-neurological manifestations of 
ASMD that is still under clinical development (9). ERT 
eliminates the progressively accumulated lipid substances 
resulting from the building-up of sphingomyelin, which 
improves the symptoms and outcome of the disease 
(9,80). McGovern et al. (80) performed a phase I, open-
label, and non-randomized clinical trial. Only 11 adult 
ASMD type B patients from one center were enrolled. 
The safety of the intravenous administration of ERT, with 
a dose ranging from 0.03 to 1.0 mg/kg, was assessed. The 
involved patients were followed up after 2 and 4 weeks. 
The authors found that a dose of more than 0.6 mg/kg is 
more likely to induce drug side effects and adverse drug 
reactions (ADRs) the first time of drug administration. 
Therefore, a gradual increase in the dose is recommended 
to reduce ERT adverse reactions. 

A phase 1b, open-label trial enrolled five adult ASMD 
type B patients from the US and UK to examine the safety 
and efficacy of ERT. The patients received an escalated 
drug dose (0.1 to 3.0 mg/kg) every 2 weeks for 26 weeks. 
The study proved that a gradual increase in within-patient 
ERT dose is effective and tolerable in managing ASMD 
patients without neurological impairment (9).

Recently, the results of the ASCEND trial, an international, 
phase 2/3, placebo-controlled trial, were released. 
The trial recruited 36 patients with ASMD type B and 
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followed for 52 weeks. The results showed a significant 
improvement in lung functions by 22%, compared to 3% 
in the placebo arm. Besides, the spleen size decreased 
by 39.5% at the end of the study, compared with a 0.5% 
increase in the placebo arm. ERT showed an acceptable 
safety profile, with only five patients experiencing severe 
adverse events that were not treatment-related, and none 
of the patients discontinued treatment (81).

Moreover, an international phase 2, open-label trial 
(ASCEND-Peds/NCT02292654) recruited 20 pediatric 
patients (aged from 1.5 to 17.5 years) with ASMD type 
B or A/B from six regions “Brazil, France, Germany, 
Italy, United Kingdom, and the United States.” ERT 
was administered intravenously, and the dose was 
gradually elevated within-patient. The drug significantly 
improved the disease symptoms and tolerability during 
the 64 weeks of the trial; the average improvement in 
splenomegaly and hepatomegaly was more than 40%, 
and the average lung diffusing capacity improved by 
nearly 33%. Significant improvements were also noted 
in liver enzymes and growth parameters. ERT showed 
an acceptable safety profile, with only three patients 
experiencing severe ADRs (10).

Based on such results, ERT has been granted breakthrough 
therapy designation submission by the Food and Drug 
Administration. In June 2022, the European Medical 
Agency granted the ERT, olipudase alfa, marketing 
authorization.

Experts’ opinion

The experts stated that the results of ERT are promising, 
and its anticipated introduction to the clinical practice 
is likely to positively impact the treatment landscape of 
ASMD. Patients with non-neurological manifestations 
are more likely to benefit from ERT. Early initiation of 
therapy in the presymptomatic or early symptomatic 
stages will also be a key factor in the long-term 
success of treatment. Thus, future studies should focus 
on identifying the criteria of the patients with a high 
probability of achieving response to ERT, the types of 
required monitoring during treatment, and real-world 
experience from the GCC region. 

In terms of the GCC region’s needs, the experts 
confirmed that establishing a national registry for ASMD 
would support the substantial role of ERT for ASMD in 
the region. There is a need for national and institutional 
guidelines for patient referral to ensure optimal patient 
management. Also, there is a need for standardized 
multidisciplinary ASMD management and unified 
treatment protocol in the GCC region.

Conclusion and Future Directions

The suspected comparatively high incidence of ASMD 
in the GCC countries demonstrated that developing a 
comprehensive diagnostic and management approach for 
such a debilitating condition is a significant unmet need 
in the region. The current literature shows controversy, 
and further studies are still required and should be 
tailored to meet local and regional needs. Therefore, 
an urgent need to create a practical diagnostic and 

management algorithm that can significantly reduce the 
diagnostic delay of the ASMD, improve the prognosis of 
the patients, and limit the impairment in the quality of 
life. The current experts’ view highlighted several unmet 
needs in the ASMD landscape in the region. There is a 
scarcity of published literature that assesses the burden of 
ASMD in the GCC region. The experts emphasized the 
lack of a multidisciplinary approach to managing ASMD 
in the region. Besides, the lack of awareness about ASMD 
among general pediatricians or gastroenterologists 
usually leads to a significant delay in diagnosing ASMD. 
Thus, there is an urgent need to increase awareness about 
ASMD symptoms and more centers of excellence in the 
GCC region to help with early and proper diagnosis of 
ASMD cases.
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