
Ida et al. Orphanet Journal of Rare Diseases          (2022) 17:401  
https://doi.org/10.1186/s13023-022-02549-6

RESEARCH

An observational study to investigate 
the relationship between plasma 
glucosylsphingosine (lyso‑Gb1) concentration 
and treatment outcomes of patients 
with Gaucher disease in Japan
Hiroyuki Ida1, Yuko Watanabe2*   , Rieko Sagara2, Yoichi Inoue2 and Jovelle Fernandez2 

Abstract 

Background:  Gaucher disease (GD) is an autosomal recessive disease caused by GBA1 mutations resulting in gluco-
sylceramide accumulation in macrophages. GD is characterized by hepatosplenomegaly, anemia, thrombocytopenia, 
bone complications, and neurological complications. Glucosylsphingosine (lyso-Gb1), a deacylated form of glucosyl-
ceramide, has been identified as a promising biomarker for the diagnosis and treatment response in GD. The aim of 
this study was to examine the relationship between plasma lyso-Gb1 and therapeutic goals for GD (improvements 
in hepatomegaly, splenomegaly, anemia, thrombocytopenia, bone pain, and bone crisis), as well as disease type and 
GBA1 mutation type, in Japanese patients with GD receiving velaglucerase alfa, an enzyme replacement therapy 
(ERT). Furthermore, this study compared the plasma lyso-Gb1 concentration observed in Japanese patients included 
in this study with that observed in a previous non-Japanese clinical study.

Results:  This non-interventional, open-label, multicenter observational cohort study (October 2020 to March 2021) 
included a total of 20 patients (of any age) with GD (type 1: n = 8; type 2: n = 9; type 3: n = 3) treated with velagluc-
erase alfa for ≥ 3 months. Median (minimum–maximum) duration of velaglucerase alfa treatment was 49.5 (3–107) 
months. A total of 14 (70.0%) patients achieved all therapeutic goals (i.e., 100% achievement; improvements in 
hepatomegaly, splenomegaly, anemia, thrombocytopenia, bone pain, and bone crisis). Overall, median (minimum–
maximum) lyso-Gb1 concentration was 24.3 (2.1–150) ng/mL. Although not statistically significant, numerically lower 
plasma lyso-Gb1 concentrations were observed in patients with 100% achievement compared with those without; 
no statistically significant difference in plasma lyso-Gb1 concentration was observed between patients with different 
disease type or mutation type. Furthermore, lyso-Gb1 concentrations observed in Japanese patients were numerically 
lower than that observed in a previous study of non-Japanese patients with GD receiving ERT.

Conclusions:  In this study, high achievement rates of therapeutic goals with low lyso-Gb1 concentration were 
observed, demonstrating a correlation between therapeutic goals and lower plasma lyso-Gb1 concentration in 
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Background
Gaucher disease (GD) is an autosomal recessive 
genetic disease that is caused by GBA1 gene muta-
tions. Such mutations result in the deficiency in the 
β-glucocerebrosidase (GBA) enzyme, and the accumu-
lation of its substrate glucosylceramide, in macrophages 
forming pathologic Gaucher cells [1, 2]. Patients with 
GD present with a range of progressive and debilitat-
ing signs and symptoms, including hepatosplenomeg-
aly, anemia, thrombocytopenia, bone complications, 
and neurological complications [3]. GD is classified 
into 3 major clinical subtypes based on the presence 
and the extent of neurological involvement; type 1 is 
non-neuronopathic GD, type 2 is acute neuronopathic 
GD, and type 3 is subacute/chronic neuronopathic GD 
[4]. In Japan, the prevalence of GD is estimated to be 
1 in 330,000 patients [5]; approximately 211 patients 
in Japan are currently estimated to have GD [6]. Cur-
rent treatments in Japan include enzyme replacement 
therapy (ERT) and substrate reduction therapy; ERT 
is recommended as a standard of care for all types of 
GD, regardless of age and disease types [5]. Among the 
Japanese patients with GD, the L444P mutation, which 
is associated with a more severe disease, is most com-
mon [7–9], unlike the Western European, American, 
and Jewish populations, where the N370S mutation is 
most common [10].

Several markers including angiotensin-converting 
enzyme [11], chitotriosidase and chemokine ligand 
18 (CCL18) have been used for diagnosis and disease 
monitoring to evaluate treatment efficacy for GD [12]. 
Both chitotriosidase and CCL18 are secreted by acti-
vated macrophages, including Gaucher cells, and are 
found in markedly increased levels in patients with 
GD [13, 14]. Their levels have been shown to decrease 
with treatments such as ERT [13–16]; however, neither 
of these markers has a direct role in the pathophysiol-
ogy of the disease and neither is specific to GD. In fact, 
approximately 6% of individuals have deficient chito-
triosidase activity due to a homozygous mutation in 
the chitotriosidase gene [17] and, although to a lesser 
extent, both markers are also increased in other dis-
eases and conditions [2]. Therefore, a biomarker that is 
sensitive and specific to GD would be more beneficial 
for diagnosis and evaluation of treatment response, and 
to aid in deciding treatment strategies in GD.

Glucosylsphingosine (lyso-Gb1), a deacylated form 
of glucosylceramide, has been shown to have a patho-
physiologic role in GD [18]. Elevated lyso-Gb1 levels are 
observed in patients with GD [19, 20]; however, ERT is 
known to markedly reduce lyso-Gb1 levels [21–24]. Sev-
eral studies have also demonstrated that the lyso-Gb1 
level correlates with chitotriosidase, CCL18, and vari-
ous GD clinical symptoms [21–24]. Therefore, evidence 
suggests that lyso-Gb1 is a promising, reliable biomarker 
with greater sensitivity and specificity for GD compared 
with chitotriosidase and CCL18 [19]. However, little is 
known about the relationship between lyso-Gb1 levels 
and the achievement rate of various therapeutic goals 
of GD. Furthermore, no information on lyso-Gb1 con-
centrations in Japanese patients with GD is currently 
available.

This study aimed to examine the relationship between 
plasma lyso-Gb1 concentration and treatment outcome, 
evaluated by the overall achievement rate of therapeu-
tic goals (improvements in hepatomegaly, splenomegaly, 
anemia, thrombocytopenia, bone pain, and bone crisis) 
in Japanese patients with GD who were treated with vela-
glucerase alfa. Further, the relationships between plasma 
lyso-Gb1 concentration and disease type and mutation 
type were also assessed.

Results
Demographic and baseline clinical characteristics
A total of 20 patients with GD who were treated with 
velaglucerase alfa for ≥ 3  months were included in the 
study (Table 1). Median (min–max) age was 14.0 (2–74) 
years, and 55% of patients were male. There were 8 (40%) 
patients with type 1, 9 (45%) patients with type 2, and 
3 (15%) patients with type 3 GD. Median (min–max) 
duration of disease was 9.0 (1–50) years, with median 
(min–max) duration of velaglucerase alfa treatment of 
49.5 (3–107) months. Furthermore, the most common 
GBA gene mutation was the L444P mutation (13/20 
patients; 65%); 3 (15.0%) were L444P/L444P genotype, 
and 10 (50%) were L444P/others genotype. Neurological 
symptoms were present in 13 (65.0%) patients, and bone 
symptoms were present in 5 (25.0%) patients.

Achievement of therapeutic goals
A total of 14 (70.0%) patients achieved all 6 therapeutic 
goals (i.e., had 100% achievement) (Table 2). Seventeen 

Japanese patients with GD treated with velaglucerase alfa. This study further suggests that plasma lyso-Gb1 concen-
tration may be a useful biomarker for treatment response in patients with GD.
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Velaglucerase alfa



Page 3 of 10Ida et al. Orphanet Journal of Rare Diseases          (2022) 17:401 	

(85.0%) and 18 (90.0%) patients reached the therapeu-
tic goals (score of 0) for hepatomegaly and spleno-
megaly assessments, respectively (Table  2; Additional 
file  1: Fig. S1). Most patients achieved the therapeutic 

goals for anemia (17/20; 85.0%) and thrombocytopenia 
(18/20; 90.0%), with median (min–max) hemoglobin 
level of 12.5 (7.8–15.9) g/dL and median (min–max) 
platelet count of 233 (24–473) × 103/μL. Bone pain was 

Table 1  Patient demographic and baseline characteristics

a Age at the time of enrollment
b Onset of disease was calculated as the time between date of birth (year) and 
date of diagnosis (year); duration of disease was calculated as the time between 
date of diagnosis (year) and date of informed consent acquisition (year)
c Patients could have received multiple treatments

GBA, β-glucocerebrosidase gene; max, maximum; min, minimum; SD, standard 
deviation

Characteristics N = 20

Age, yearsa

 Median (min–max) 14.0 (2–74)

Sex, n (%)

 Male 11 (55.0)

 Female 9 (45.0)

Onset of disease, yearsb

 Median (min–max) 2.0 (1–70)

Duration of disease, yearsb

 Median (min–max) 9.0 (1–50)

Disease type, n (%)

 Type 1 8 (40.0)

 Type 2 9 (45.0)

 Type 3 3 (15.0)

Treatment history, n (%)c

 Enzyme replacement therapy 20 (100.0)

 Bone marrow transplantation 0 (0)

 Substrate reduction therapy 1 (5.0)

 Chemical chaperone therapy 5 (25.0)

 Others 1 (5.0)

Duration of velaglucerase alfa treatment, months

 Mean (SD) 49.6 (28.7)

 Median (min–max) 49.5 (3–107)

Concomitant ambroxol use, n (%) 5 (25.0)

GBA gene mutation, n (%)

 L444P mutation 13 (65.0)

 F213I mutation 2 (10.0)

 D4409H mutation 2 (10.0)

 R463C mutation 0 (0)

 Other 3 (15.0)

GBA genotype, n (%)

 L444P/L444P 3 (15.0)

 L444P/others 10 (50.0)

 Other genotype 7 (35.0)

Presence of comorbidity, n (%) 12 (60.0)

Complications, n (%)

 Neurologic symptoms 13 (65.0)

 Bone symptoms 5 (25.0)

 Other 15 (75.0)

Table 2  Summary of achievement of therapeutic goals

Data are n (%), unless otherwise stated
a Treatment goal for anemia was achieved if hemoglobin level was ≥ 11.0 g/
dL for children ≤ 12 years and female ≥ 13 years, and ≥ 12.0 g/dL for 
males ≥ 13 years
b Treatment goal for thrombocytopenia was achieved if platelet count 
was > 120 × 103/μL for those with platelet count ≥ 60 × 103/μL at the first 
infusion of velaglucerase alfa or if no data at the first velaglucerase alfa infusion 
were available; or ≥ 2 times the platelet count at first velaglucerase alfa infusion 
for those with platelet count < 60 × 103/μL at the first infusion of velaglucerase 
alfa

max, maximum; min, minimum; SD, standard deviation

Therapeutic goal N = 20

Number of therapeutic goals achieved

 ≤ 1 0 (0)

 2 1 (5.0)

 3 0 (0)

 4 3 (15.0)

 5 2 (10.0)

 6 14 (70.0)

Hepatomegaly score, achieved (score = 0) 17 (85.0)

 0 17 (85.0)

 1 3 (15.0)

 2 0 (0)

 3 0 (0)

Splenomegaly score, achieved (score = 0) 18 (90.0)

 0 18 (90.0)

 1 1 (15.0)

 2 0 (0)

 3 1 (5.0)

Anemia, hemoglobin count (g/dL), n 20

 Achieveda 17 (85.0)

 Mean (SD) 12.7 (1.9)

 Median (min–max) 12.5 (7.8–15.9)

Thrombocytopenia, platelet count (× 103/μL), n 20

 Achievedb 18 (90.0)

 Mean (SD) 248.2 (102.4)

 Median (min–max) 233.0 (24.0–473.0)

Bone pain, achieved (absent or very mild, or mild) 18 (90.0)

 Absent or very mild pain 17 (85.0)

 Mild pain 1 (5.0)

 Moderate pain 2 (10.0)

 Severe pain 0 (0)

 Intolerable pain 0 (0)

Bone crisis, achieved (absent) 20 (100)

 Absent 20 (100)

 Present 0 (0)
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absent or very mild, or mild, in 18 (90.0%) patients, and 
no patients had a bone crisis.

Correlation of plasma lyso‑Gb1 concentration 
and therapeutic goals
Overall, the median (min–max) plasma lyso-Gb1 
concentration was 24.3 (2.1–150)  ng/mL (Fig.  1a), 
with 2 patients having a plasma lyso-Gb1 concentra-
tion ≥ 100  ng/mL. Of these 2 patients, one had a lyso-
Gb1 concentration of 134  ng/mL and an achievement 
rate of 83.3% (i.e., achieved 5 therapeutic goals). Another 
patient had a lyso-Gb1 concentration of 150 ng/mL, with 
an achievement rate of 33.3% (i.e., achieved 2 therapeutic 
goals). In patients who achieved all therapeutic goals (had 
a 100% achievement rate), the median (min–max) plasma 
lyso-Gb1 concentration was 18.4 (2.1–71.6)  ng/mL, and 
in those who did not achieve all therapeutic goals (did 
not have 100% achievement rate), the median (min–max) 
was 48.0 (5.7–150) ng/mL. Although not statistically sig-
nificant (p = 0.058), plasma lyso-Gb1 concentration was 
numerically lower in patients with 100% achievement 
compared with those without (Fig. 1b). Furthermore, for 
each therapeutic goal, numerically lower median plasma 
lyso-Gb1 concentrations were also observed in patients 
who achieved the therapeutic goal than in those who did 
not, except that all patients had no bone crisis (Fig. 2).

Plasma lyso‑Gb1 concentration by GD type
The median (min–max) plasma lyso-Gb1 concentration 
was 25.6 (2.1–150) ng/mL in 8 patients who had type 1 
GD, 38.6 (5.7–134) ng/mL in 9 patients who had type 2 
GD, and 13.8 (10.9–16.7)  ng/mL in 3 patients who had 
type 3 GD (Fig. 3). There was no statistically significant 
difference in plasma lyso-Gb1 concentration between 

the 3 disease types (type 1 vs. type 2: p = 0.501; type 1 vs. 
type 3: p = 0.540; type 2 vs. type 3: p = 0.166).

Plasma lyso‑Gb1 concentration by GBA gene mutation
In patients who had a L444P mutation (n = 13), F213I 
mutation (n = 2), or D409H mutation (n = 2), median 
(min–max) plasma lyso-Gb1 concentration was 27.7 
(5.7–150)  ng/mL, 3.9 (2.1–5.7)  ng/mL, and 19.1 (13.8–
24.4)  ng/mL, respectively (Fig.  4a). The median (min–
max) plasma lyso-Gb1 concentration was 16.7 (5.7–27), 
39.0 (6.3–150), and 13.8 (2.1–56.7)  ng/mL in patients 
with L444P/L444P, L444P/others, and other genotypes, 
respectively (Fig. 4b). There was also no statistically sig-
nificant difference in plasma lyso-Gb1 concentration 
between patients with L444P/L444P and L444P/other 
genotypes (p = 0.091).

Plasma lyso‑Gb1 concentration in comparison 
with previous data of non‑Japanese patients with GD
Median (min–max) plasma lyso-Gb1 concentra-
tions observed in this study for the total study popu-
lation (24.30 [2.12–150]  ng/mL) and in patients with 
type 1 GD (25.60 [2.12–150]  ng/mL) were numerically 
lower compared with treatment-naive (treatment-naive 
for ≥ 12  months prior to velaglucerase alfa treatment; 
43.6  ng/mL at week 209 of velaglucerase alfa treat-
ment) and switch-treatment (treated with imigluc-
erase for ≥ 2  years prior to velaglucerase alfa treatment; 
26.6 ng/mL at week 161 of velaglucerase alfa treatment) 
non-Japanese patients with type 1 GD (Table 3) [21].

Discussion
This is the first observational cohort study to report the 
plasma lyso-Gb1 concentrations in Japanese patients with 
GD treated with velaglucerase alfa, and to investigate the 

Fig. 1  Plasma lyso-Gb1 concentration in a all patients, and b by achievement of therapeutic goals (100% achieved: achieved all 6 therapeutic 
goals; Not achieved: did not achieve all 6 therapeutic goals). The bottom of the box represents the first quartile, the top of the box represents the 
third quartile, and the line in the middle represent the median. The whiskers represent the highest and the lowest value that are not outliers. The 
diamond symbol represents the mean, and the cross symbol represents outliers. lyso-Gb1, glucosylsphingosine
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relationship of lyso-Gb1 concentration with treatment 
outcomes, evaluated by achievement rate of multiple GD 
therapeutic goals. In this study, 70% of patients with GD 
receiving velaglucerase alfa achieved all 6 therapeutic 
goals (hepatomegaly, splenomegaly, anemia, thrombocy-
topenia, bone pain, and bone crisis). The proportion of 
patients achieving each therapeutic goal was also high, 
ranging from 85 to 100%, and low plasma lyso-Gb1 con-
centration correlated with achievement of all 6 therapeu-
tic goals. Furthermore, lyso-Gb1 concentration in this 
patient cohort was lower compared with that reported 
in a previous study of non-Japanese patients with type 
1 GD receiving ERT. These results suggest that Japanese 
patients with GD are treated effectively with velaglu-
cerase alfa, and that lyso-Gb1 concentration may be a 

useful biomarker to predict achievement of the treatment 
goals, which may ultimately be useful to also evaluate 
treatment efficacy for GD.

This study demonstrated that plasma lyso-Gb1 con-
centration in Japanese patients with GD treated with 
velaglucerase alfa is low, and although not statistically 
significant, low plasma lyso-Gb1 concentration corre-
lates with a higher achievement rate of therapeutic goals 
for GD. Lower lyso-Gb1 concentration was observed 
in patients who had achieved all 6 therapeutic goals, 
assessed by the extent of hepatomegaly, splenomegaly, 
anemia (hemoglobin level), thrombocytopenia (plate-
let count), bone pain, and bone crisis, than in those who 
had not achieved all 6 therapeutic goals. Similarly, in a 
retrospective, exploratory analysis of data from phase 

Fig. 2  Plasma lyso-Gb1 concentration by achievement of each therapeutic goal. The bottom of the box represents the first quartile, the top of the 
box represents the third quartile, and the line in the middle represent the median. The whiskers represent the highest and the lowest value that are 
not outliers. The diamond symbol represents the mean, and the cross symbol represents outliers. lyso-Gb1, glucosylsphingosine
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3 clinical trials of patients with type 1 GD treated with 
velaglucerase alfa, decreasing lyso-Gb1 concentrations 
had a statistically significant correlation with increasing 
platelet count and decreasing spleen volume in the treat-
ment-naive group at some timepoints during treatment 
[21]. A previous cohort study of treated and untreated 
children with type 1 or 3 GD also reported that lyso-Gb1 
significantly correlated with platelet count (p < 0.0001, 
r = − 0.42) and hemoglobin level (p = 0.003, r = − 0.35) 
[22]. Further, in a retrospective, multicenter observa-
tional study, 25 patients with GD who received an ERT 
(velaglucerase alfa [n = 17], imiglucerase [n = 4], or tali-
glucerase alfa [n = 4]) had decreased lyso-Gb1 levels and 
spleen and liver volumes, and increased platelet counts 
and hemoglobin levels [24]. Collectively, those results 
and the results of this study may further indicate that 
lyso-Gb1 is a useful biomarker to evaluate treatment 
response in patients with GD receiving ERT treatment. 

Fig. 3  Plasma lyso-Gb1 concentration by disease type. The bottom 
of the box represents the first quartile, the top of the box represents 
the third quartile, and the line in the middle represent the median. 
The whiskers represent the highest and the lowest value that are not 
outliers. The diamond symbol represents the mean, and the cross 
symbol represents outliers. lyso-Gb1, glucosylsphingosine

Fig. 4  Plasma lyso-Gb1 concentration by type of a GBA1 gene mutation, and b genotype. The bottom of the box represents the first quartile, the 
top of the box represents the third quartile, and the line in the middle represent the median. The whiskers represent the highest and the lowest 
value that are not outliers. The diamond symbol represents the mean, and the cross symbol represents outliers. Note: No patients were positive for 
R463C mutation. lyso-Gb1, glucosylsphingosine

Table 3  Comparison of plasma lyso-Gb1 concentrations with global report

a Median (min–max) duration of velaglucerase alfa treatment was 49.5 (3–107) months
b Treatment-naive patients were defined as those who did not receive ERT treatment for ≥ 12 months prior to velaglucerase alfa treatment
c Switch-treatment patients were defined as those who received imiglucerase for ≥ 2 years prior to velaglucerase alfa treatment
d Lyso-Gb1 concentration at week 209 of velaglucerase alfa treatment
e Lyso-Gb1 concentration at week 161 of velaglucerase alfa following imiglucerase

ERT, enzyme replacement therapy; GD, Gaucher disease; lyso-Gb1, glucosylsphingosine; max, maximum; min, minimum

Plasma lyso-Gb1 
concentration (ng/mL)

This studya Elstein et al. [21]

GD type Total Treatment-naiveb 
type 1

Switch-
treatmentc 
type 1Type 1 Type 2 Type 3

(n = 8) (n = 9) (n = 3) (N = 20) (N = 22) (N = 21)

Median 25.60 38.60 13.80 24.30 43.6d 26.6e

 Min 2.12 5.72 10.9 2.12 – –

 Max 150 134 16.7 150 – –
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However, a target plasma lyso-Gb1 concentration to indi-
cate treatment effectiveness has not yet been determined. 
Therefore, future studies to establish a target may be ben-
eficial in guiding physicians when monitoring lyso-Gb1.

Lyso-Gb1 concentrations are expected to be high in 
Japanese patients with GD compared with non-Japa-
nese patients with GD, as Japanese patients commonly 
have the L444P mutation [7, 8, 25], which is associated 
with a higher lyso-Gb1 level [19, 20], and a more severe 
phenotype of GD than other phenotypes [2, 19, 26, 27]. 
Baseline lyso-Gb1 concentrations were not available in 
this study, which is a limitation; however, in this study 
the median plasma lyso-Gb1 concentration observed 
in Japanese patients treated with velaglucerase alfa for 
a median duration of 49.5  months (~ 215.1  weeks) was 
24.3 ng/mL, which was lower compared with those pre-
viously reported in non-Japanese patients [3, 21]. Results 
from a retrospective, exploratory analysis of patients 
with type 1 GD treated with velaglucerase alfa indicated 
that the median lyso-Gb1 concentration was 43.6 ng/mL 
at treatment week 209 for the treatment-naive patients, 
and 26.6  ng/mL at treatment week 161 for the switch-
treatment patients [21]. In another study, the lyso-Gb1 
concentration was 89  ng/mL, a reduction of 49% from 
180.9 ng/mL, after a mean of 3.6 years (~ 187.7 weeks) of 
treatment with imiglucerase [3]. Possible reasons for the 
observation of lower lyso-Gb1 in this study of Japanese 
patients compared with the previous studies [3, 21] are 
that patients in this study were treated with velaglucerase 
alfa for a longer duration and possibly at a higher dose 
(60 U/kg every other week [approved dose in Japan] [28] 
versus 52.4 U/kg [treatment-naive patients] and 28.9 U/
kg [switch-treatment patients] [21]). Furthermore, a 
previous study has reported a reduction in lyso-Gb1 
concentration in 2 patients with type 3 GD treated with 
ambroxol chaperone therapy in combination with ERT 
[29]; given that the present study included 5 patients 
receiving ambroxol, the possibility of the effects of 
ambroxol in lowering lyso-Gb1 concentrations should 
not be excluded. Nonetheless, these findings demonstrate 
that lyso-Gb1 concentrations of ERT-treated patients are 
lower in Japanese patients with GD than non-Japanese 
patients with GD. Although patients’ baseline lyso-Gb1 
concentrations were not available in this study, long-term 
treatment with velaglucerase alfa at a dose of 60  U/kg 
every other week may be effective in reducing lyso-Gb1 
levels in Japanese patients with GD.

In this study, achievement rate of GD therapeutic goals 
was high (70%) in Japanese patients with GD who were 
treated with velaglucerase alfa, most likely at a dose of 
60 U/kg every other week. A previous benchmark analy-
sis of patients with type 1 GD treated with imiglucerase 
reported that the proportion of patients achieving all 

6 GD therapeutic goals increased with higher doses of 
imiglucerase (achieved 1–3 goals: 37.6  U/kg/4  weeks; 
achieved 4 goals: 56.9  U/kg/4  weeks; 5 goals: 70.7  U/
kg/4 weeks; all goals: 74.2 U/kg/4 weeks) [30]. Therefore, 
given that the dose of velaglucerase alfa was higher in 
this study (i.e., 120  U/kg/4  weeks), this may explain the 
high achievement rate of GD therapeutic goals observed 
in this study, further suggesting that higher doses of vela-
glucerase alfa treatment may be associated with a greater 
achievement rate of therapeutic goals.

In this study, although most patients had low plasma 
lyso-Gb1 concentrations, a plasma lyso-Gb1 concen-
tration ≥ 100  ng/mL was observed in 2 patients. These 
results may be explained by the fact that 1 patient, who 
had type 1 GD, was treated with velaglucerase alfa for 
only 3  months, which is also reflected by the low treat-
ment achievement rate (33.3%). The second patient had 
type 2 GD, was experiencing neurological and bone 
symptoms, and had developed immunoglobulin G and 
immunoglobulin E antibodies against both imiglucerase 
and velaglucerase alfa. The patient experienced serious 
infusion-associated reactions requiring treatment with 
antihistamines, corticosteroids, and analgesics prior to 
velaglucerase alfa administration. Nonetheless, results 
from this study suggest that velaglucerase alfa may be 
effective in achieving therapeutic goals for GD in Japa-
nese patients, who generally have more severe disease 
compared with non-Japanese patients [9, 27].

In this study, the sample size was limited because the 
number of patients with GD is limited in Japan. The vela-
glucerase alfa dose used in this study and in previous 
studies varied; the approved dose of velaglucerase alfa in 
Japan is 60 U/kg every other week, which was higher than 
the dose used in previous studies conducted outside of 
Japan. Pre-treatment plasma lyso-Gb1 concentration was 
unavailable because the number of patients newly start-
ing treatment was very small, and it is almost impossible 
to prospectively measure lyso-Gb1 concentration prior to 
treatment initiation in patients with GD in Japan. There-
fore, the change in plasma lyso-Gb1 concentration from 
pre-treatment to post-treatment could not be evaluated. 
Furthermore, the study population was heterogeneous 
(included patients with type 1, 2, and 3 GD), making it 
difficult to distinguish whether higher levels of lyso-Gb1 
reflect disease severity or low treatment response, and 
the study did not control for ambroxol use. Therefore, 
treatment-naive patients with GD should be enrolled in 
future studies to evaluate the correlation between the 
change in lyso-Gb1 concentration from pre-treatment 
phase and clinical parameters, including those 6 thera-
peutic goals selected in this study. Furthermore, patients 
treated with velaglucerase alfa for ≥ 3  months were 
included in this study based on our clinical experience 
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that the effects of ERT stabilize at around 3–6  months; 
however, the results from this study indicated that ERT 
treatment with velaglucerase alfa for ≤ 3 months may be 
insufficient to stabilize lyso-Gb1 concentrations.

Conclusions
In conclusion, this study demonstrated that low plasma 
lyso-Gb1 concentration correlates with higher achieve-
ment rate of therapeutic goals; lyso-Gb1 may be a useful 
biomarker for predicting the achievement of treatment 
goals, and for ultimately evaluating treatment response 
in patients with GD who are treated with ERT, includ-
ing velaglucerase alfa. Further, the achievement rate of 
therapeutic goals in this study was high, and the plasma 
lyso-Gb1 concentration was lower compared with those 
previously reported in non-Japanese studies, indicating 
that velaglucerase alfa is an effective treatment for Japa-
nese patients with GD.

Methods
Study design
This was a non-interventional, open-label, multicenter, 
observational cohort study to investigate the relation-
ship between lyso-Gb1 concentration and therapeutic 
goals in Japanese patients with GD who were treated 
with velaglucerase alfa. The study was conducted at 14 
sites between October 2020 and March 2021. The final 
data cut-off date was 19 March 2021. After enrollment, 
patients had one study site visit for data collection during 
the 6-month study period with regular administration of 
velaglucerase alfa; the enrollment and observational visit 
could have occurred in a single visit. The study was regis-
tered at the Japanese Registry of Clinical Trials (rctportal.
niph.go.jp: jRCT1031200137). This study was conducted 
in accordance with the Declaration of Helsinki, Good 
Pharmacoepidemiology Practices, and local laws and reg-
ulations. All patients provided written informed consent 
before entering the study.

Study population
Patients of any age were included in this study if they 
were diagnosed with GD type 1, 2, or 3 by a physician at 
any study site and had been treated with velaglucerase 
alfa for ≥ 3  months. Patients who were, in the study 
investigator’s opinion, unsuitable to participate were 
excluded from this study.

Outcome measures
The primary outcome was plasma lyso-Gb1 concentra-
tions by overall achievement rate of 6 therapeutic goals 
(improvements in hepatomegaly, splenomegaly, anemia, 
thrombocytopenia, bone pain, and bone crisis). Second-
ary outcomes were plasma lyso-Gb1 concentration by 

GD type, and by pathological mutation type. The explora-
tory endpoint was the comparison of plasma lyso-Gb1 
concentrations in Japanese patients with GD compared 
with lyso-Gb1 concentrations reported in a  previous 
study of non-Japanese patients with GD receiving an ERT 
[21].

Data collection and assessments
Patient demographics and baseline characteristics, 
including age, sex, duration of disease, disease type, 
duration of velaglucerase alfa treatment, and GBA gene 
mutation type, were collected at enrollment. Genotyp-
ing was performed at each study site; a patient’s genetic 
information was reviewed and confirmed by the pedia-
trician. Plasma lyso-Gb1 concentration was measured 
in blood samples collected as part of routine medical 
care, using a liquid chromatography with tandem mass 
spectrometry (LC–MS/MS) method at LSI Medience 
Corporation (Tokyo, Japan). Briefly, 3 mL of blood was 
collected in EDTA-2K, which was centrifuged at 2000–
3000 g for 15 min at 4 °C; 1 mL of supernatant was then 
stored at − 80 °C. Six therapeutic goals (improvements 
in hepatomegaly, splenomegaly, anemia, thrombocy-
topenia, bone pain, and bone crisis) were measured 
as part of routine standard of care at each study site, 
at enrollment or at the observational visit. The degree 
of achievement of each therapeutic goal was assessed 
using modified scales from previous reports [30, 31]. 
Hepatomegaly and splenomegaly were assessed using 
a scale of 0–3; 0 indicating achievement of therapeu-
tic goal; 1 indicating the liver/spleen is palpable, but 
its margin does not cross the navel; 2 indicating the 
limb of liver/spleen is palpated between the umbili-
cus and the iliac crest, but for spleen, it does not reach 
the right abdomen; and 3 indicating the liver/spleen 
reaches beyond the iliac crest to the pelvic cavity and 
practically occupies the entire abdomen. For anemia, 
the therapeutic goal was achieved if the hemoglobin 
level was ≥ 11.0  g/dL for children aged ≤ 12  years and 
females ≥ 13 years, and ≥ 12.0 g/dL for males ≥ 13 years 
of age. For thrombocytopenia, the therapeutic goal was 
achieved if platelet count was > 120 × 103/μL for those 
with platelet count ≥ 60 × 103/μL at the first infusion of 
velaglucerase alfa, or with no data available at the first 
velaglucerase alfa infusion, or if ≥ 2 times the platelet 
count of the first velaglucerase alfa infusion for those 
with platelet count < 60 × 103/μL at the first infusion of 
velaglucerase alfa. Bone pain was assessed as “absent 
or very mild pain,” “mild pain,” “moderate pain,” “severe 
pain,” and “unbearable pain”; the therapeutic goal was 
achieved if “absent or very mild pain” or “mild pain” 
was reached. Furthermore, the presence and absence 
of bone crisis was assessed, with its absence indicating 
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achievement of therapeutic goal. Adverse events were 
reported as part of routine clinical practice at enroll-
ment and/or observational visit, and at discontinuation; 
the causal relationship was determined by the treating 
physician at each study site.

Statistical analysis
No target sample size was set for this study because in 
Japan there are a  limited number of patients diagnosed 
with GD [6]. All assessments were conducted using the 
full analysis set, defined as all enrolled patients who were 
examined at least once for either of the study endpoints. 
Patient demographics and baseline characteristics were 
summarized using descriptive statistics. Categorical vari-
ables are presented as n (%), and continuous variables 
are presented as mean (standard deviation [SD]), and/or 
median (minimum [min]–maximum [max]; interquartile 
range). Lyso-Gb1 concentrations were summarized for all 
patients, by overall achievement rate of therapeutic goals 
(100% achievement [all 6 therapeutic goals achieved] ver-
sus not 100% achievement [all 6 therapeutic goals not 
achieved]), by disease type, and by mutation type, using 
descriptive statistics. Between-group comparison was 
conducted using Wilcoxon rank sum test; p < 0.05 was 
considered statistically significant. No safety analysis was 
performed. Statistical analyses were performed using 
SAS version 9.4 (Cary, NC, USA).

Abbreviations
ERT: Enzyme replacement therapy; GD: Gaucher disease; GBA: 
β-Glucocerebrosidase gene; LC–MS/MS: Liquid chromatography with tandem 
mass spectrometry; lyso-Gb1: Glucosylsphingosine.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13023-​022-​02549-6.

Additional file 1: Fig. S1. Achievement rate of therapeutic goals.

Acknowledgements
We would like to thank Ken Sakurai from The Jikei University, who conducted 
review on the genetic information of the β-glucocerebrosidase gene. Medical 
writing assistance was provided by Hana Nomura, BPharm (Hons), and Pru-
dence Stanford, PhD, of ProScribe – Envision Pharma Group, and was funded 
by Takeda Pharmaceutical Company Limited. ProScribe’s services complied 
with international guidelines for Good Publication Practice (GPP3).

Author contributions
All authors were involved in the conception or design of the study. HI was an 
investigator in the study, and YW, RS, and YI conducted the statistical analysis. 
HI, YW, RS, and YI were involved in the interpretation of the study results. JF 
conducted the oversight of the study. All authors participated in the drafting, 
critical revision, and approval of the final version of the manuscript.

Funding
This study was sponsored by Takeda Pharmaceutical Company Limited, 
manufacturer/licensee of velaglucerase alfa. Takeda Pharmaceutical Company 

Limited was involved in the study design, data collection, data analysis, and 
preparation of the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was conducted in accordance with the Declaration of Helsinki, 
Good Pharmacoepidemiology Practices, and local laws and regulations. All 
patients provided written informed consent before entering the study.

Consent for publication
Not applicable.

Competing interests
HI received research funding from Sanofi K.K. and Sumitomo Dainippon 
Pharma Co. Ltd., and consultancy fees from JCR Pharmaceuticals Co., Ltd. and 
Takeda Pharmaceutical Company Limited. YW, RS, and YI are employees of 
Takeda Pharmaceutical Company Limited. JF is a former employee of Takeda 
Pharmaceutical Company Limited, and owns restricted stocks of Takeda Phar-
maceutical Company Limited and GlaxoSmithKline K.K.

Author details
1 The Jikei University Hospital, Tokyo, Japan. 2 Japan Medical Office, Takeda 
Pharmaceutical Company Limited, 1‑1, Nihonbashi‑Honcho 2‑Chome, 
Chuo‑Ku, Tokyo 103‑8668, Japan. 

Received: 25 February 2022   Accepted: 11 October 2022

References
	1.	 Nalysnyk L, Rotella P, Simeone JC, Hamed A, Weinreb N. Gaucher disease 

epidemiology and natural history: a comprehensive review of the litera-
ture. Hematology. 2017;22:65–73.

	2.	 Stirnemann J, Belmatoug N, Camou F, Serratrice C, Froissart R, Caillaud C, 
et al. A review of Gaucher disease pathophysiology, clinical presentation 
and treatments. Int J Mol Sci. 2017;18:441.

	3.	 Murugesan V, Chuang W-L, Liu J, Lischuk A, Kacena K, Lin H, et al. Glu-
cosylsphingosine is a key biomarker of Gaucher disease. Am J Hematol. 
2016;91:1082–9.

	4.	 Dandana A, Ben Khelifa S, Chahed H, Miled A, Ferchichi S. Gaucher 
disease: clinical, biological and therapeutic aspects. Pathobiology. 
2016;83:13–23.

	5.	 Japanese Society of Inherited Metabolic Disease. Practical guideline for 
the management of Gaucher diseases 2021 [Japanese]. Tokyo: Shindan 
To Chiryo Sha; 2021.

	6.	 Koto Y, Sakai N, Lee Y, Kakee N, Matsuda J, Tsuboi K, et al. Prevalence of 
patients with lysosomal storage disorders and peroxisomal disorders: a 
nationwide survey in Japan. Mol Genet Metab. 2021;133:277–88.

	7.	 Ida H, Rennert OM, Kawame H, Maekawa K, Eto Y. Mutation prevalence 
among 47 unrelated Japanese patients with Gaucher disease: identifica-
tion of four novel mutations. J Inherit Metab Dis. 1997;20:67–73.

	8.	 Ida H, Iwasawa K, Kawame H, Rennert OM, Maekawa K, Eto Y. Character-
istics of gene mutations among 32 unrelated Japanese Gaucher disease 
patients: absence of the common Jewish 84GG and 1226G mutations. 
Hum Genet. 1995;95:717–20.

	9.	 Tajima A, Yokoi T, Ariga M, Ito T, Kaneshiro E, Eto Y, et al. Clinical and 
genetic study of Japanese patients with type 3 Gaucher disease. Mol 
Genet Metab. 2009;97:272–7.

	10.	 Charrow J, Andersson HC, Kaplan P, Kolodny EH, Mistry P, Pastores G, et al. 
The Gaucher Registry: demographics and disease characteristics of 1698 
patients with Gaucher disease. Arch Intern Med. 2000;160:2835–43.

	11.	 Danilov SM, Tikhomirova VE, Metzger R, Naperova IA, Bukina TM, Goker-
Alpan O, et al. ACE phenotyping in Gaucher disease. Mol Genet Metab. 
2018;123:501–10.

https://doi.org/10.1186/s13023-022-02549-6
https://doi.org/10.1186/s13023-022-02549-6


Page 10 of 10Ida et al. Orphanet Journal of Rare Diseases          (2022) 17:401 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	12.	 Aerts JM, Hollak CE, van Breemen M, Maas M, Groener JE, Boot RG. Iden-
tification and use of biomarkers in Gaucher disease and other lysosomal 
storage diseases. Acta Paediatr Suppl. 2005;94:43–6.

	13.	 Hollak CE, van Weely S, van Oers MH, Aerts JM. Marked elevation of 
plasma chitotriosidase activity. A novel hallmark of Gaucher disease. J Clin 
Invest. 1994;93:1288–92.

	14.	 Boot RG, Verhoek M, de Fost M, Hollak CE, Maas M, Bleijlevens B, et al. 
Marked elevation of the chemokine CCL18/PARC in Gaucher disease: a 
novel surrogate marker for assessing therapeutic intervention. Blood. 
2004;103:33–9.

	15.	 Pastores GM, Shankar SP, Petakov M, Giraldo P, Rosenbaum H, Amato DJ, 
et al. Enzyme replacement therapy with taliglucerase alfa: 36-month 
safety and efficacy results in adult patients with Gaucher disease previ-
ously treated with imiglucerase. Am J Hematol. 2016;91:661–5.

	16.	 Gonzalez DE, Turkia HB, Lukina EA, Kisinovsky I, Dridi MF, Elstein D, et al. 
Enzyme replacement therapy with velaglucerase alfa in Gaucher disease: 
results from a randomized, double-blind, multinational, Phase 3 study. 
Am J Hematol. 2013;88:166–71.

	17.	 Boot RG, Renkema GH, Verhoek M, Strijland A, Bliek J, de Meulemeester 
TM, et al. The human chitotriosidase gene: nature of inherited enzyme 
deficiency. J Biol Chem. 1998;273:25680–5.

	18.	 Lukas J, Cozma C, Yang F, Kramp G, Meyer A, Neßlauer AM, et al. Gluco-
sylsphingosine causes hematological and visceral changes in mice—
evidence for a pathophysiological role in Gaucher disease. Int J Mol Sci. 
2017;18:2192.

	19.	 Rolfs A, Giese A-K, Grittner U, Mascher D, Elstein D, Zimran A, et al. Glu-
cosylsphingosine is a highly sensitive and specific biomarker for primary 
diagnostic and follow-up monitoring in Gaucher disease in a non-Jewish, 
Caucasian cohort of Gaucher disease patients. PLoS One. 2013;8:e79732.

	20.	 Dekker N, van Dussen L, Hollak CEM, Overkleeft H, Scheij S, Ghauharali K, 
et al. Elevated plasma glucosylsphingosine in Gaucher disease: relation 
to phenotype, storage cell markers, and therapeutic response. Blood. 
2011;118:e118–27.

	21.	 Elstein D, Mellgard B, Dinh Q, Lan L, Qiu Y, Cozma C, et al. Reductions in 
glucosylsphingosine (lyso-Gb1) in treatment-naïve and previously treated 
patients receiving velaglucerase alfa for type 1 Gaucher disease: data 
from phase 3 clinical trials. Mol Genet Metab. 2017;122:113–20.

	22.	 Hurvitz N, Dinur T, Becker-Cohen M, Cozma C, Hovakimyan M, Oppermann S, 
et al. Glucosylsphingosine (lyso-Gb1) as a biomarker for monitoring treated 
and untreated children with Gaucher disease. Int J Mol Sci. 2019;20:3033.

	23.	 Smid BE, Ferraz MJ, Verhoek M, Mirzaian M, Wisse P, Overkleeft HS, et al. 
Biochemical response to substrate reduction therapy versus enzyme 
replacement therapy in Gaucher disease type 1 patients. Orphanet J Rare 
Dis. 2016;11:28.

	24.	 Arkadir D, Dinur T, Revel-Vilk S, Becker Cohen M, Cozma C, Hovakimyan 
M, et al. Glucosylsphingosine is a reliable response biomarker in Gaucher 
disease. Am J Hematol. 2018;93:E140–2.

	25.	 Eto Y, Ida H. Clinical and molecular characteristics of Japanese Gaucher 
disease. Neurochem Res. 1999;24:207–11.

	26.	 Wang RY, Bodamer OA, Watson MS, Wilcox WR. Lysosomal storage 
diseases: diagnostic confirmation and management of presymptomatic 
individuals. Genet Med. 2011;13:457–84.

	27.	 Ida H, Rennert OM, Ito T, Maekawa K, Eto Y. Type 1 Gaucher disease: phe-
notypic expression and natural history in Japanese patients. Blood Cells 
Mol Dis. 1998;24:73–81.

	28.	 Pharmaceuticals and Medical Devices Agency. VPRIV Intravenous infu-
sion 400 U [package insert]. Item in Japanese. https://​www.​pmda.​go.​jp/​
PmdaS​earch/​iyaku​Detail/​Resul​tData​SetPDF/​400256_​39594​16F10​20_3_​
01. Accessed 20 Dec 2021.

	29.	 Charkhand B, Scantlebury MH, Narita A, Zimran A, Al-Hertani W. Effect of 
ambroxol chaperone therapy on glucosylsphingosine (lyso-Gb1) levels 
in two Canadian patients with type 3 Gaucher disease. Mol Genet Metab 
Rep. 2019;20:100476.

	30.	 Weinreb N, Taylor J, Cox T, Yee J, vom Dahl S. A benchmark analysis of the 
achievement of therapeutic goals for type 1 Gaucher disease patients 
treated with imiglucerase. Am J Hematol. 2008;83:890–5.

	31.	 Zimran A, Gross E, West C, Sorge J, Kubitz M, Beutler E. Prediction of 
severity of Gaucher’s disease by identification of mutations at DNA level. 
Lancet. 1989;334:349–52.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.pmda.go.jp/PmdaSearch/iyakuDetail/ResultDataSetPDF/400256_3959416F1020_3_01
https://www.pmda.go.jp/PmdaSearch/iyakuDetail/ResultDataSetPDF/400256_3959416F1020_3_01
https://www.pmda.go.jp/PmdaSearch/iyakuDetail/ResultDataSetPDF/400256_3959416F1020_3_01

	An observational study to investigate the relationship between plasma glucosylsphingosine (lyso-Gb1) concentration and treatment outcomes of patients with Gaucher disease in Japan
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Results
	Demographic and baseline clinical characteristics
	Achievement of therapeutic goals
	Correlation of plasma lyso-Gb1 concentration and therapeutic goals
	Plasma lyso-Gb1 concentration by GD type
	Plasma lyso-Gb1 concentration by GBA gene mutation
	Plasma lyso-Gb1 concentration in comparison with previous data of non-Japanese patients with GD

	Discussion
	Conclusions
	Methods
	Study design
	Study population
	Outcome measures
	Data collection and assessments
	Statistical analysis

	Acknowledgements
	References


