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Abstract
Background Acid sphingomyelinase deficiency (ASMD) is a rare, progressive, potentially fatal lysosomal storage 
disease that exhibits a broad spectrum of clinical phenotypes. There is a need to expand the knowledge of disease 
mortality and morbidity in Germany because of limited information on survival analysis in patients with chronic ASMD 
(type B or type A/B).

Methods This observational, multicentre, retrospective cohort study was conducted using medical records of 
patients with the first symptom onset/diagnosis of ASMD type B or type A/B between 1st January 1990 and 31st July 
2021 from four German medical centres. Eligible medical records were abstracted to collect data on demographic 
characteristics, medical history, hospitalisation, mortality, and causes of death from disease onset to the last follow-up/
death. Survival outcomes were estimated using the Kaplan–Meier analysis. Standardised mortality ratio (SMR) was also 
explored.

Results This study included 33 chart records of patients with ASMD type B (n = 24) and type A/B (n = 9), with 
a median (interquartile range [IQR]) age of 8.0 [3.0–20.0] years and 1.0 [1.0–2.0] years, respectively, at diagnosis. 
The commonly reported manifestations were related to spleen (100.0%), liver (93.9%), and respiratory (77.4%) 
abnormalities. Nine deaths were reported at a median [IQR] age of 17.0 [5.0–25.0] years, with 66.7% of overall patients 
deceased at less than 18 years of age; the median [IQR] age at death for patients with ASMD type B (n = 4) and type 
A/B (n = 5) was 31.0 [11.0–55.0] and 9.0 [4.0–18.0] years, respectively. All deaths were ASMD-related and primarily 
caused by liver or respiratory failures or severe progressive neurodegeneration (two patients with ASMD type A/B). 
The median (95% confidence interval [CI]) overall survival age since birth was 45.4 (17.5–65.0) years. Additionally, an 
SMR [95% CI] analysis (21.6 [9.8–38.0]) showed that age-specific deaths in the ASMD population were 21.6 times more 
frequent than that in the general German population.
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Background
Acid sphingomyelinase deficiency (ASMD), historically 
known as Niemann–Pick disease types A, A/B, and B, 
is a rare lysosomal storage disease resulting from the 
deficiency of lysosomal enzyme acid sphingomyelinase 
(ASM) due to pathogenic variants in the sphingomyelin 
phosphodiesterase 1 (SMPD1) gene [1, 2]. The deficiency 
of ASM, which catalyses the hydrolysis of sphingomyelin 
to ceramide and phosphocholine, leads to the progressive 
accumulation of sphingomyelin and other lipids within 
tissues, including the spleen, liver, lungs, bone marrow, 
and lymph nodes and may also affect neurons [3]. ASMD 
is pan-ethnic and affects males and females equally, with 
an estimated worldwide prevalence of 0.4–0.6 cases per 
100,000 live births across gender or ethnicity [4]. How-
ever, the true incidence and prevalence of ASMD are 
likely underestimated because of a lack of disease aware-
ness and underdiagnosis.

This disease presents with a wide range of clinical man-
ifestations characterised by a phenotypic spectrum that 
is broadly divided into three subtypes: type A (infantile 
neurovisceral), type A/B (chronic neurovisceral) and 
type B (chronic visceral) [5]. Patients with ASMD type A 
experience onset in early infancy with rapidly progressive 
systemic manifestations and neurodegeneration, lead-
ing to death by the age of 3 years [2]. Patients presenting 
with slower neurological (e.g. gross motor delay, ataxia, 
and learning disability) and visceral disease progression 
and longer survival compared to ASMD type A are cat-
egorised as those with ASMD type A/B intermediate type 
[6–8]. Patients with ASMD type B show symptom onset 
from infancy to adulthood, with gradual progression 
of visceral manifestations without significant neurode-
generation [1]. Both ASMD type B and type A/B exhibit 
common multisystemic clinical manifestations, includ-
ing splenomegaly, interstitial lung disease, hepatomeg-
aly, liver dysfunction, dyslipidaemia, thrombocytopenia, 
heart disease, skeletal abnormalities and growth delays, 
shortness of breath, fatigue, and pain [9]. Overlapping 
symptoms with other chronic conditions often lead to 
delays in diagnosis, which is confirmed by demonstration 
of low ASM enzyme activity [10].

Survival outcomes among patients with chronic ASMD 
can vary widely [8]. Neurodegeneration (23.1%), respi-
ratory failure (23.1%), and liver disease (19.2%) are the 
common causes of death in patients with ASMD type 
A/B, while respiratory (30.9%) and liver diseases (29.1%) 
are leading causes of death in type B [3, 8, 10]. In 2022, 

olipudase alfa (Xenpozyme®; Sanofi), a recombinant 
human ASM, was approved as the first enzyme replace-
ment therapy for treating non-central nervous system 
manifestations of ASMD in paediatric and adult patients 
in more than 30 countries, including Japan, the European 
Union countries, and the United States [11, 12]. Olipu-
dase alfa was reported to be well-tolerated during 2 years 
of treatment in children with ASMD type B or type A/B 
[13–15].

The substantial burden of ASMD presents an unmet 
need to better understand survival outcomes in patients 
with the disease. The current understanding of mor-
bidity and mortality of ASMD is based on limited sin-
gle-case reports, case series, and observational studies 
[16–18]. According to our knowledge, survival analyses 
of 103 patients with ASMD type B in the United States 
were first reported by McGovern et al., suggesting 17.5% 
deaths, with a median [range] age at death of 17.0 [2.0–
72.0] years [19]. Thus, there is a need to analyse ASMD-
related morbidity and mortality in the European Union.

This retrospective study aimed to evaluate the morbid-
ity and mortality of patients with ASMD (across age and 
disease type A/B or type B) in Germany.

Methods
Study design
This observational, multicentre, retrospective cohort 
study was conducted using medical records from four 
German medical sites. The participating physicians 
abstracted data related to the survival history of patients 
with ASMD from childhood, adolescence, and adult-
hood. Patients with ASMD type B or type A/B with 
retrievable information from hospital records between 
1st January 1990 and 31st July 2021 were included in this 
study. ASMD diagnosis was based on a low activity of 
ASM (< 10%). Patients with ASMD type A or those with-
out retrievable information from the medical record were 
excluded.

The primary objective of the study was to estimate the 
survival probability in German patients with ASMD type 
B. The secondary objective was to describe the charac-
teristics of patients with ASMD according to the subtype 
(type B or type A/B). This study also explored the survival 
of patients with ASMD type A/B.

This study was conducted in accordance with the Dec-
laration of Helsinki and all subsequent amendments, 
the guidelines for Good Epidemiological Practice, and 
Good Pharmacoepidemiology Practices issued by the 

Conclusions This study highlights considerable morbidity and mortality associated with ASMD type B and type 
A/B in Germany. It further emphasises the importance of effective therapy for chronic ASMD to reduce disease 
complications.
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International Society for Pharmacoepidemiology. All 
study documents were reviewed by the leading Eth-
ics Committee (Landesärztekammer Hessen) and the 
local Ethics Committee (Ärztekammer Hamburg). Sites 
located in Berlin did not require additional local review. 
All patients and/or patients’ parents/legal guardians pro-
vided informed consent or assent to participate in the 
study. For data collection from deceased patients, an 
informed consent waiver was used.

Data collection
Data were retrospectively extracted from patient’s medi-
cal records during the observation period, defined as the 
period from the first evidence of ASMD to either the date 
of the last follow-up or end of the study period or death. 
The index date was the first date of symptom onset or 
diagnosis of the disease, whichever occurred first.

Data on demographic characteristics at the first symp-
tom onset or diagnosis and at the last follow-up/death, 
medical history, laboratory examination (including liver 
function tests), and mortality (age and causes of death) 
were retrieved from eligible records. Clinical findings 
included any complications or events recorded in patient 
charts during the observation period. Data on health-
care resource use (due to ASMD-related complications), 
including hospitalisation, inpatient stays, outpatient vis-
its, and emergency room visits, were analysed.

Statistical analyses
Demographic characteristics and medical and develop-
ment history at the date of first symptom onset, diagno-
sis, and last follow-up or death were characterised using 
descriptive statistics. Continuous variables were sum-
marised using several non-missing and missing observa-
tions and represented as mean, standard deviation (SD), 
and median (interquartile range [IQR]). Categorical vari-
ables were summarised by frequency counts (n) and per-
centages (%). The unadjusted annualised clinical finding 
rate (in patient-years) was defined as:

 

The unadjusted annualised rate

=
Σnumber of events during the observation period

Σnumber of patient − years on study

where Σnumber of patient-years is the sum (length of 
observation periods [years] of all patients).

Survival outcomes were estimated using Kaplan–Meier 
(KM) analysis. Overall survival (OS) was defined as the 
duration from birth until death due to any cause (event), 
considering the condition being present since birth, with 
age as the time scale. Data from patients who were alive 
were censored at the date of the last follow-up (end of the 
study observation period). Left truncation (i.e. individuals 
who died before being diagnosed with ASMD and were not 
accounted for in the study) might occur which may intro-
duce a survival bias. To address this, adjusted survival analy-
sis for the time from birth to the index date was conducted 
as a post-hoc analysis. The median OS with two-sided 95% 
confidence intervals (CIs) was evaluated.

Owing to the small sample size and a high proportion 
of censoring, standardised mortality ratio (SMR) was 
also assessed post-hoc to calculate survival probability. 
The expected number of deaths based on the age-specific 
mortality rates in the general population was retrieved 
from the German life Table [20] and applied to the num-
ber at risk in the ASMD database. The SMR for ASMD 
type B and type A/B population was calculated using the 
following formula:

 
SMR =

Actual number of deaths
Expected number of deaths

An SMR greater than one indicated an increased risk of 
mortality in the study population. As a measure of pre-
cision, 95% CI around the SMR estimate was also calcu-
lated. Survival probabilities for patients with ASMD were 
estimated using the calculated SMR in conjunction with 
the general population mortality data and represented 
graphically.

SMR computation was performed using Microsoft 
Excel (version 2208). All other analyses were conducted 
using SAS statistics software version 9.4 (SAS Insti-
tute Inc., Cary, NC, USA). All data were evaluated as 
reported, without any imputation for missing values.

Results
Patient characteristics
Overall, 33 patients were enrolled, of which 24 (72.7%) 
were classified as ASMD type B and 9 (27.3%) as ASMD 
type A/B (Table  1). All (100%) screened patients were 
enrolled as they met the inclusion criteria. The median 
[IQR] length of follow-up was 11.0 [5.0–20.0] years 
(Table 1). The index date was available for 32 (97.0%) out 
of the 33 patients.

Table 1 Patient disposition
Parameters Statistics
Screened population [n] 33
Enrolled population [n (%)]a 33 (100.0)
Length of follow-up (years)
 Number 32
 Mean (SD) 13.4 (11.3)
 Median [IQR] 11.0 [5.0–20.0]
 Range 0–44.0
 Missingb 1
Completed the study [n (%)] 33 (100.0)
aPercentages were calculated using the number of screened patients as the 
denominator
bNo information was reported

IQR, interquartile range; n, number of patients; SD, standard deviation
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Patient demographics and clinical characteristics are 
presented in Table  2. The proportion of female patients 
with ASMD type B was 50.0% and that with ASMD type 
A/B was 66.7%. The median [IQR] age in the overall study 
population at the first evidence of ASMD and diagno-
sis was 2.0 [1.0–5.0] years (mean [SD]: 7.0 [11.8] years) 
and 4.0 [2.0–18.0] years (mean [SD]: 11.5 [14.3] years), 
respectively. The median [IQR] age at diagnosis for 
patients with ASMD type B was 8.0 [3.0–20.0] years and 
for those with ASMD type A/B was 1.0 [1.0–2.0] years. 
The median [IQR] time between first symptom onset and 
diagnosis for overall patients was 9.0 [1.0–89.0] months 
(Table 2).

Mortality analysis
At the time of data collection, 9 of 33 (27.3%) patients 
with ASMD (type B [n = 4, 16.7%] and type A/B [n = 5, 
55.6%]) died (Table  3). The median [IQR] age at the 
time of death for patients with chronic ASMD was 17.0 
[5.0–25.0] years; the median [IQR] age for patients with 
ASMD type A/B (9.0 [4.0–18.0] years) was lower than 
that for patients with ASMD type B (31.0 [11.0–55.0] 
years).

A total of six (66.7%) deaths were reported in patients 
at < 18 years of age; two of these deaths occurred in 
patients with ASMD type B and four in those with ASMD 
type A/B (Fig. 1).

All deaths were reported to be related to ASMD 
(Table 3). The primary causes of death related to ASMD 
type B were liver disease (liver failure by progressive liver 
fibrosis), respiratory disease, bleeding, and multi-organ 

failure (25.0% each), whereas those related to ASMD type 
A/B were severe progressive neurodegeneration (40.0%), 
followed by liver disease (liver failure by progressive liver 
fibrosis), respiratory disease, and others (acute respira-
tory distress syndrome, followed by hydropic decompen-
sation of liver cirrhosis) (20.0% each).

The OS since birth was adjusted for left truncation 
based on the time from birth till the first evidence to 
account for the survival bias. The median (95% CI) OS 
time was 45.4 (17.5–65.0) years since birth for the over-
all ASMD cohort, with 75.0% of the data being censored 
(Fig. 2).

As depicted in Fig.  3, a substantial proportion of the 
cohort (21/33, 63.6%) were censored by the age of 35, 
leaving only five patients at risk. The extensive censoring 
was likely because of young age of surviving patients after 
the end of the observation period. Therefore, in addi-
tion to the KM estimator, the SMR approach was used to 
address the potential limitations of estimating the mor-
tality rate.

An SMR [95% CI] of 21.6 [9.8–38.0] was estimated for 
the study population; the wide CI reflected the small sam-
ple size (n = 9). The estimated SMR of 21.6 was applied to 
the mortality rates of the general German population as a 
multiplier to calculate adjusted survival probabilities, as 
shown in Fig. 4.

Clinical findings
At the first symptom onset or diagnosis, all patients 
(n = 33, 100.0%) had at least one clinical finding or com-
plication reported in their medical records. Splenic 

Table 2 Patient baseline characteristics
Parameter Overall (N = 33) ASMD type B (n = 24) ASMD type A/B (n = 9)
Age at the first evidence of ASMD (years)
 Numbera 32 24 8
 Mean (SD) 7.0 (11.8) 9.0 (13.1) 1.2 (1.2)
 Median [IQR] 2.0 [1.0–5.0] 3.0 [2.0–15.0] 1.0 [1.0–1.0]
 Range 0–58.0 0–58.0 0–4.0
Age at diagnosis (years)
 Numbera 32 24 8
 Mean (SD) 11.5 (14.3) 14.8 (15.2) 1.5 (1.1)
 Median [IQR] 4.0 [2.0–18.0] 8.0 [3.0–20.0] 1.0 [1.0–2.0]
 Range 1.0–58.0 1.0–58.0 1.0–4.0
Time between the first symptom onset and diagnosis of ASMD (months)
 Numbera 29 22 7
 Mean (SD) 58.7 (94.1) 76.1 (102.4) 4.3 (4.9)
 Median [IQR] 9.0 [1.0–89.0] 21.0 [4.0–120.0] 1.0 [0–9.0]
 Range 0–383 0–383 0–11
Sex [n(%)]
 Male 15 (45.5) 12 (50.0) 3 (33.3)
 Female 18 (54.5) 12 (50.0) 6 (66.7)
aPatient with ASMD type A/B (n = 1) was excluded from the analysis due to significant missing variables

ASMD, acid sphingomyelinase deficiency; IQR, interquartile range; n, number of patients; SD, standard deviation
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(100.0%, n/N = 32/32), liver (93.9%, n/N = 31/33), and 
respiratory (77.4%, n/N = 24/31) manifestations were 
mostly reported in the overall population. These trends 
remained similar across patients with ASMD type B or 
type A/B (Table 4).

In addition, a surgical history of splenectomy was 
reported for one patient (3.0%, n/N = 1/33) with ASMD 

type A/B. Furthermore, among the subset of patients 
with liver function tests at the first date of ASMD evi-
dence, 92.3% ( 12/13) patients showed at least one abnor-
mal parameter (Supplementary Table 1). All 12 (100.0%) 
patients with data available on alanine aminotransferase 
(ALT) presented with abnormal values. Of the 12 patients 

Table 3 Survival status of patients with ASMD type B or type A/B
Parameter Overall (N = 33) ASMD type B (n = 24) ASMD type 

A/B (n = 9)
Survival status at the time of data extraction [n (%)]a

 Survivors 24 (72.7%) 20 (83.3%) 4 (44.4%)
Age at death (years)
 Number 9 4 5
 Mean (SD) 21.2 (21.1) 33.1 (27.1) 11.7 (9.2)
 Median [IQR] 17.0 [5.0–25.0] 31.0 [11.0–55.0] 9.0 [4.0–18.0]
 Range 3.0–65.0 5.0–65.0 3.0–25.0
Cause of death (related to ASMD) [n(%)]b

 Liver diseasec 2 (22.2) 1 (25.0) 1 (20.0)
 Respiratory disease (respiratory failure/ 
insufficiency, pneumonia, pulmonary 
embolism, other, not known)

2 (22.2) 1 (25.0) 1 (20.0)

 Severe progressive neurodegeneration 2 (22.2) 0 2 (40.0)
 Bleeding 1 (11.1) 1 (25.0) 0
 Multi-organ failure 1 (11.1) 1 (25.0) 0
 Otherd 1 (11.1) 0 1 (20.0)
aPercentages were calculated using the total number of patients with non-missing information on the analysed parameter as a denominator
bPercentages were calculated using the total number of deceased patients with non-missing information on the analysed parameter as a denominator
cThe specific category of liver disease as the primary cause of death was not evaluated. However, the cause of liver disease was ASMD-related (liver failure by 
progressive liver fibrosis) and not acute toxic or inflammatory liver disease or malignant liver disease
dThe cause of death was specified as acute respiratory distress syndrome, followed by hydropic decompensation of liver cirrhosis

ASMD, acid sphingomyelinase deficiency; IQR, interquartile range; n, number of patients; SD, standard deviation

Fig. 1 Distribution of patients with ASMD type B or type A/B based on age category at death. The numbers are based on patients with deceased status 
at the time of data extraction. ASMD, acid sphingomyelinase deficiency
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with data available on aspartate aminotransferase (AST), 
11 (91.7%) had abnormal values reported.

In addition, a few patients with ASMD also had cardio-
vascular clinical findings (n = 8; ventricular hypertrophy, 
cardiac valvular disease, arterial hypertension, and oth-
ers) and external bleeding episodes (n = 13; prolonged 
bleeding time, increased tendency to bruise and others) 
(Supplementary Table 2).

The median [IQR] age at the first clinical evidence 
of ASMD for the overall population was 2 [1.0–5.0] 
years (Table  2). Results of splenic and liver findings/

complications were also similar across all age categories 
(Supplementary Table 3). Hepatomegaly were the most 
common reason for medical visits across all age groups.

Healthcare resource use
During the observation period, 19 (57.6%) patients had 
at least one hospitalisation, including an inpatient stay 
(Supplementary Table 4); 14 (58.3%) patients with ASMD 
type B and 5 (55.6%) with ASMD type A/B had at least 
one hospitalisation. Among 19 hospitalisation cases, 13 

Fig. 2 Kaplan–Meier survival curve (adjusted) from birth in patients with ASMD type B or type A/B. A deceased patient with ASMD type A/B could not be 
considered because the patient did not have the date for the first presentation of the disease. ASMD, acid sphingomyelinase deficiency; CI, confidence 
interval
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(68.4%) patients underwent hospitalisation related to 
ASMD clinical findings/complications.

Discussion
This study characterises morbidity and mortality in 
patients with ASMD type B or type A/B in a German 
cohort. While a previous study by McGovern et al. 
reported a detailed description of the major morbidities 

and causes of death in patients with chronic ASMD in 
the United States [19], the current study adds data from 
a German cohort, highlighting substantial morbidity and 
mortality associated with ASMD. Most importantly, this 
study reports the survival analysis of patients stratified by 
the type of ASMD.

In this study population, the proportion of female 
patients (54.5%) and the mean age at the first symptom 

Fig. 4 Survival probabilities for patients with ASMD type B and type A/B versus the general German population. The SMR calculation was based on the 
number of deceased patients (n = 9, including the patient without the date for the first presentation of the disease). ASMD, acid sphingomyelinase defi-
ciency; CI, confidence interval; SMR, the standardised mortality ratio

 

Fig. 3 Sample breakdown of data used for survival analysis. The number of patients in a graph representing cumulative deaths and censored patients 
over time is based on the unadjusted KM curve. KM, Kaplan–Meier
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onset and diagnosis (7.0 and 11.5 years, respectively) 
were slightly higher than findings from previous pro-
spective, cross-sectional survey studies on patients with 
chronic ASMD [21]. McGovern et al. reported a popu-
lation of 47.5% female patients with chronic ASMD, and 
the mean age at the first symptom onset and diagnosis 
was 5.0 and 9.8 years, respectively [21].

High mortality was observed in this German popula-
tion, with a mortality rate of 27.3%. Overall, 66.7% of the 
deceased patients were aged less than 18 years at death; 
this included four patients with ASMD type A/B and two 
with ASMD type B. The mean age at death for overall 
nine deceased patients was 21.2 years. A previous report 
[19] has reported a mean age at death of 25.0 years for 
patients with chronic ASMD. The mean age at death for 

patients with ASMD type A/B (11.7 years) was lower than 
that for patients with ASMD type B (33.1 years). Similar 
observation was reported earlier by Cassiman et al. [8].

The results are also consistent with reported causes of 
death in patients with ASMD type B or type A/B [8, 22]. 
Cassiman et al. reported the leading causes of death as 
respiratory and liver failure, irrespective of age among 
patients with ASMD type B or type A/B [8]. Other 
reported causes of death were bleeding complications 
(which might be related in some cases to liver failure) 
and complications from bone marrow transplants, multi-
organ failure, heart failure, and liver cancer [9]. Pneumo-
nia was reported as the most common cause of death in 
patients with chronic ASMD by McGovern et al., 2021 
[22]. Similar causes of death were noted in the overall 

Table 4 Clinical findings related to ASMD based on ASMD type
Parameter Overall (N = 33) ASMD type B (n = 24) ASMD type A/B (n = 9)
Splenic clinical findingsa

 At least one clinical finding/complicationb, c 32 (100.0) 24 (100.0) 8 (100.0)
Type of splenic clinical findings [n(%)]d, e

 Numberf 32 24 8
 Splenomegaly 31 (96.9) 23 (95.8) 8 (100.0)
 Hypersplenism 8 (25.0) 6 (25.0) 2 (25.0)
 Splenic infarction 2 (6.3) 2 (8.3) 0
Liver clinical findingsg

 At least one clinical finding/complication 31 (93.9) 22 (91.7) 9 (100.0)
 No clinical findings/complications 2 (6.1) 2 (8.3) 0
Type of liver clinical finding [n(%)]d, e

 Numberf 31 22 9
 Hepatomegaly 30 (96.8) 22 (100.0) 8 (88.9)
 Liver cirrhosis 1 (3.2) 0 1 (11.1)
 Portal hypertension 2 (6.5) 2 (9.1) 0
 Ascites 2 (6.5) 2 (9.1) 0
 Other 2 (6.5) 2 (9.1) 0
Respiratory clinical findingsh

 At least one clinical finding/complicationi 24 (77.4) 18 (75.0) 6 (85.7)
 No clinical findings/complications 7 (22.6) 6 (25.0) 1 (14.3)
Type of respiratory clinical finding [n(%)]d, e

 Numberf 24 18 6
 Interstitial lung disease 18 (75.0) 12 (66.7) 6 (100.0)
 Alveolar infiltrates 3 (12.5) 1 (5.6) 2 (33.3)
 Respiratory distress 4 (16.7) 1 (5.6) 3 (50.0)
 Lower respiratory tract infection 9 (37.5) 7 (38.9) 2 (33.3)
 Other 3 (12.5) 2 (11.1) 1 (16.7)
aPercentages were calculated using the total number of patients (n = 32) with available data
bPatients with splenectomy prior to the index date (defined as the first date of evidence of ASMD, either first symptom onset or diagnosis) were excluded
cPatient with ASMD type A/B (n = 1) was excluded from the analysis owing to missing data
dPercentages were calculated using the total number of patients with non-missing information on the analysed parameter as a denominator
eMultiple responses were possible
fPatients with any clinical findings for respective organs (spleen/liver/lungs)
gPercentages were calculated using the total number of patients (n = 33) with available data
hPercentages were calculated using the total number of patients (n = 31) with available data
iASMD type A/B (n = 2) were excluded from the analysis due to missing data

ASMD, acid sphingomyelinase deficiency; n, number of patients
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ASMD population in the current study, primarily liver 
disease (22.2%), respiratory disease (22.2%, including 
respiratory failure, insufficiency, pneumonia, pulmonary 
embolism, and others), severe progressive neurodegen-
eration (22.2%), bleeding (11.1%), multi-organ failure 
(11.1%), and others (11.1%). Severe progressive neuro-
degeneration (40.0%), liver disease (20.0%), respiratory 
failure (20.0%), and other causes (20.0%), were reported 
as the causes of death in patients with ASMD type A/B 
(n = 5). These results are consistent with those presented 
by Cassiman et al., suggesting neurodegenerative disease 
(23.1%) along with liver disease (19.2%) and respiratory 
failure (23.1%) are the primary causes of death in patients 
with ASMD type A/B [8].

The current study further highlights the high inci-
dence of morbidity associated with the splenic, hepatic, 
and respiratory findings in patients with ASMD, similar 
to previous reports [5, 8, 22]. All patients had at least 
one reported clinical finding/complication during the 
observation period, and 57.6% had an ASMD-related 
hospitalisation indicating high disease severity. These 
findings underline the need for regular clinical assess-
ment in patients with ASMD. Common disease-related 
morbidities included splenomegaly (96.9%), hepatomeg-
aly (96.8%), and interstitial lung disease (75.0%). A pre-
vious report involving patients with ASMD type B and 
A/B reported similar disease-related morbidities, includ-
ing splenomegaly (96.6%), hepatomegaly (91.4%), liver 
dysfunction (82.6%), and pulmonary disease (75.0%) [8]. 
Another study involving chronic ASMD has reported 
splenomegaly (78.0%) and hepatomegaly (73.0%) as the 
most common clinical findings at the initial visit [10, 21]. 
A study involving the Dutch and Belgian patient popu-
lations with ASMD reported interstitial abnormalities 
in the lungs in 81.3% of patients with ASMD [23]. In the 
current study, liver and respiratory manifestations were 
mostly reported in ASMD type B. McGovern et al. [19] 
also reported liver disease and pulmonary disease as 
major morbidities in ASMD type B. Thus, patients with 
chronic ASMD display wide phenotypic heterogeneity, 
including a broad spectrum of disease manifestations and 
severity levels [1].

For life-threatening conditions present since birth, the 
KM analysis might be prone to left truncation as only 
patients alive until diagnosed with ASMD were included 
in the study. Therefore, the KM curve with adjusted anal-
ysis was performed to estimate the survival probability to 
avoid an overestimated survival. By conditioning the sur-
vival estimate on the age at diagnosis, the adjusted analy-
sis was conducted to avoid the bias and hence, to present 
a more accurate estimate of survival. Given the rarity of 
ASMD, alternative methods of survival analysis may be 
helpful to address the limitations associated with small 
sample size and heavy censoring [22]. The overall SMR 

(95% CI) in patients with ASMD type B and type A/B 
indicated that the German ASMD population had 21.6 
times more deaths than the age-specific mortality rates 
in the general population. Despite the steady increase in 
German life expectancy [24], our results indicate a large 
unmet need for better treatment options for patients 
with ASMD.

It is imperative for healthcare providers, policymakers, 
and the ASMD community to recognise the substantial 
impact of ASMD. Efforts aimed at improving diagnosis 
and expanding access are essential to ensure timely inter-
vention to improve quality and extend life expectancy of 
patients living with ASMD.

The following limitations should be considered while 
interpreting the findings from this study. The study relied 
on retrospective data collected from available medical 
records. The findings are based on secondary data not 
collected for the purposes of this study. The study had 
a relatively small sample size. Only seven patients were 
above 6 years of age at the first evidence of the disease, 
and nine patients with ASMD type A/B were included, 
thereby impacting the generalisability of the findings. 
Further, the available data on clinical parameters were 
sparse because of missing information in the medical 
records; this was attributed to a lack of unified medi-
cal record systems and patients seeking care at multiple 
facilities. Liver function tests were analysed only at the 
first date of evidence (follow-up data were not retrieved); 
they were not standardised, nor were they performed 
by a central laboratory, thereby introducing variability. 
Absence of clinical guidelines for monitoring or manag-
ing patients with ASMD type B and A/B during the study 
duration may have contributed to infrequent examina-
tions and assessments; hence, some examinations and 
assessments might not have been regularly performed 
and reported, as currently recommended in recent guide-
lines [7, 25]. Additionally, hospitalisation records in 
local hospitals might not be well documented, leading to 
underreporting hospitalizations. The OS for patients with 
ASMD type B was based on a limited number of events 
(n = 4) during the observation time. Heavy censoring was 
noted in these patients by the age of 35 years, leaving 
only a few patients at risk. This study used SMR analysis 
as an alternative approach to estimate OS. However, its 
calculation also relies on the available information from 
the patient charts and assumes a constant increase in 
mortality risk across ages and might not accurately rep-
resent the shape of the survival function for patients with 
ASMD type B or type A/B.

Conclusions
To our knowledge, this study is the first to examine the 
survival outcomes of patients with ASMD in Germany. 
This study provides compelling evidence that ASMD is 
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a life-shortening disease, and ASMD type B or type A/B 
is associated with high morbidity and mortality, espe-
cially in the paediatric German population. The study 
also reports the primary causes of chronic ASMD-related 
death, which were predominantly linked to liver fail-
ure, respiratory failure, and neurodegeneration (only in 
ASMD type A/B). Presently, with the availability of an 
effective disease-modifying therapy, early diagnosis and 
treatment is of utmost importance in order to address 
and prevent disease complications.
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