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Abstract

Background Patients with Gaucher disease (GD) require continual monitoring; however, lack of specific disease
biomarkers was a significant challenge in the past. Glucosylsphingosine (lyso-Gb1) has been shown to be a reliable,
key, specific, and sensitive biomarker for diagnosis, prognosis, and treatment response in clinical studies of patients
with GD. We evaluated the change in lyso-Gb1 concentration over time following enzyme replacement therapy in
patients with confirmed GD using real-world data from the Gaucher Outcome Survey disease registry.

Methods Data for patients aged > 18 years with a confirmed diagnosis of GD and at least two lyso-Gb1 assessments
were analyzed retrospectively. Patients were stratified by treatment status at baseline (time of first lyso-Gb'1
assessment). Lyso-Gb1 concentrations were measured from dried blood spot (DBS) samples by Centogene AG.
Assessments included change in lyso-Gb1 concentration, hemoglobin concentration, platelet counts, and spleen and
liver volume from baseline to the last lyso-Gb1 assessment.

Results Of 2007 patients enrolled in the Gaucher Outcome Survey as of February 25, 2022, 435 met the inclusion
criteria and were included in the study: 318 treated (all treated’; 277 receiving treatment at baseline, 41 treatment
naive at baseline), 38 receiving treatment at baseline who stopped treatment before the last lyso-Gb1 assessment,
and 79 untreated. Lyso-Gb1 concentrations decreased from baseline to the last lyso-Gb1 assessment for all treated
patients (median change —8.6 ng/mL), and increased for untreated patients (median change 25.0 ng/mL) and those
who stopped treatment (median change 19.5 ng/mL). Decreases were greater for all treatment-naive than previously
treated patients (median change — 120.5 vs. —3.3 ng/mL) and for velaglucerase alfa—treated patients vs. the overall
treated cohort (-32.6 vs. —8.6 ng/mL). Small improvements in hemoglobin concentrations, platelet counts, and
spleen volume were observed for treated patients but not untreated/stopped treatment cohorts.

Conclusions In this study, changes in lyso-Gb1 concentrations from DBS were reflective of responses to enzyme
replacement therapy initiation or withdrawal in most patients. These findings confirm that the use of DBS samples for
routine monitoring of lyso-Gb1 concentrations in patients with GD is feasible in real-world settings and may be useful
to assess treatment response.
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Background

Gaucher disease (GD) is a rare autosomal recessive lyso-
somal storage disorder caused by mutations in the gluco-
cerebrosidase gene (GBAI). Subsequent deficient activity
of the enzyme [-glucocerebrosidase (GCase) (OMIM#
230800/230900/231000) results in the accumulation of
glucocerebroside (also called glucosylceramide; Gb1) in
the lysosomes of cells of the monocyte-macrophage sys-
tem [1-4]. Affected cells are transformed into Gaucher
cells, which accumulate in the spleen, liver, and bone
marrow, giving rise to multisystemic clinical manifesta-
tions including anemia, thrombocytopenia, hepatomeg-
aly, splenomegaly, and bone abnormalities, hallmarks of
type 1 GD, the most common form of GD [4]. Pulmonary
and renal involvement are less common, whereas char-
acteristic neurological involvement defines types 2 and 3
GD and is absent in type 1 GD [4]. A recent systematic
review and meta-analysis estimates the birth prevalence
of GD as 1.5 cases per 100,000 live births [5], although a
higher frequency has been estimated (of approximately 1
in 850) among the Ashkenazi Jewish population [1].

The most common approach for GD diagnosis is the
determination of GCase activity in peripheral blood cells
in conjunction with DNA mutation analysis of the GBAI
gene [6]. However, the requirement to ship fresh blood
samples to one of the few specialist laboratories equipped
for the assessment of GCase activity has been a barrier to
GD diagnosis [6]. An alternative sample type, dried blood
spot (DBS), has several practical advantages over conven-
tional blood sampling, including storage at room tem-
perature and shipping by regular mail [7]. DBS analysis
can accurately detect glucosylsphingosine (lyso-Gb1), the
deacylated form of glucocerebroside, a key pathogenic
biomarker for GD [1, 6, 8, 9], with similar discriminatory
utility as plasma sample analysis [10].

Elevated concentrations of lyso-Gbl have been
detected in blood and plasma samples of patients with
GD compared with healthy controls and in patients with
other lysosomal storage disorders [11, 12]. Lyso-Gbl
concentrations have also been shown to correlate with
disease severity [6, 13], and to be reflective of response
to GD treatment [8, 10, 14—16]. Higher concentrations
of lyso-Gb1 in blood plasma have been found in patients
with the ¢.1448T > C (L444P, now referred to as L483P)
genetic variant, which is associated with severe disease,
than in those with the ¢.1226A > G (N370S, now referred
to as N409S) variant, which is associated with a milder
disease course [12, 17]. Furthermore, 16 of 17 studies
evaluated in a systematic review reported substantial
decreases in lyso-Gb1 concentrations following enzyme
replacement therapy (ERT) and substrate reduction

therapy compared with untreated patients with GD [18],
and decreases in lyso-Gbl concentrations have been
associated with improvements in hematologic and vis-
ceral parameters [16, 19-21]. Efforts to date to evaluate
lyso-Gb1 as a predictive biomarker have, however, been
constrained by small patient sample sizes and short dura-
tions of patient follow-up [11, 12, 16, 22].

The availability of more than 10 years of data from
patients with GD enrolled in the Gaucher Outcome Sur-
vey (GOS), a registry for patients with confirmed diagno-
ses of GD, provides an opportunity for long-term analysis
of patients who have received GD-specific treatments in
a real-world setting [23—26]. The aim of this study was to
evaluate changes in lyso-Gb1 concentrations over time in
ERT-treated patients with confirmed GD in relation to
treatment and clinical outcomes using clinical data cap-
tured by the GOS registry.

Methods

Study design

The GOS, established in 2010 by Shire, a Takeda com-
pany, is an international disease-specific registry for
patients with a confirmed biochemical or genetic diagno-
sis of GD, regardless of treatment status or type of treat-
ment received (ClinicalTrials.gov, NCT03291223). Data
are collected via web-based electronic case report forms
during routine clinical practice and include a compre-
hensive range of real-world patient characteristics and
clinical outcomes [27].

Written informed consent is required for participa-
tion in the GOS. Consent, or assent where appropriate,
is obtained from a parent or legal guardian for patients
aged <18 years (<16 years in the United Kingdom). The
study was conducted in accordance with relevant global
and local regulations and best practice and with Good
Pharmacoepidemiological Practice, Good Research for
Comparative Effectiveness principles, and the principles
of the International Conference on Harmonization Good
Clinical Practice guidelines.

This retrospective analysis of the GOS data was con-
ducted in Israel, Austria, Poland, and the United King-
dom between July 2, 2014, up to February 25, 2022, and
included data from centers participating in the GOS with
available lyso-Gb1l data evaluated by Centogene AG on
DBS samples.

Patients

Data for patients aged > 18 years on July 2, 2014, who had
at least two lyso-Gb1 assessments were included in this
analysis. Patients were stratified by treatment status (all
treated, untreated, or stopped treatment) relative to the
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time of their first lyso-Gbl assessment, defined as the
start of the analysis period (baseline) (Fig. 1). The end
of the analysis period was defined as the last lyso-Gbl
assessment. The untreated cohort included patients who
received no ERT treatment prior to or during the analysis
period; the stopped treatment cohort included patients
who discontinued ERT treatment before the last lyso-
Gb1 assessment; and the all treated cohort included all
patients who were receiving ERT treatment at the time of
the last lyso-Gb1 assessment. The all treated cohort was
further divided into two subgroups based on treatment
status at baseline (time of the first lyso-Gb1 assessment):
(1) those who received treatment at the first lyso-Gbl
assessment and remained on ERT treatment to the
last lyso-Gb1 assessment; and (2) patients who started
ERT treatment after the first lyso-Gb1 assessment and
remained on treatment at the last lyso-Gb1 assessment.
Treatment-naive patients were defined as those patients
who had not received treatment> 12 months prior to the
start of the study. Further sub-analyses were carried out
for patients who were treated with velaglucerase alfa only.

Assessments

Lyso-Gbl concentrations analyzed by Centogene AG
after July 2, 2014, using liquid chromatography—mass
spectrometry analysis of DBS samples as described by
Cozma et al. [8], were included in this evaluation. Assess-
ments included change in median lyso-Gbl concentra-
tion by treatment group during the analysis period (from
the first to last lyso-Gb1 assessment); the proportion of
patients with increases or decreases of >10% (arbitrary
threshold) or no change in lyso-Gb1 concentration dur-
ing the analysis period; and change in hemoglobin con-
centrations, platelet count, spleen volume, and liver
volume during the analysis period.

First lyso-Gb1
assessment
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Statistical analyses

Baseline was defined as the time of the first lyso-Gbl
assessment. Data for continuous variables were pre-
sented using descriptive statistics. For categorical vari-
ables, the number and percentage of patients in each
category (including a missing category, if applicable) were
reported. Percentages were calculated using the num-
ber of patients with available data as the denominator.
Changes in lyso-Gb1 concentration and clinical param-
eters over time were additionally assessed using linear
regression, where B represents the slope (rate of change).
To account for the non-linear response of lyso-Gb1 to
treatment, only patients with more than three lyso-Gbl
assessments were included in linear regression models to
estimate changes in lyso-Gbl concentrations. Similarly,
models estimating changes in clinical parameters only
included patients with three or more assessments of that
parameter. For the assessment of hematologic param-
eters, hemoglobin values <50 and >400 g/L and platelet
counts > 600 x 10°/L were classed as biologically improb-
able outliers and were excluded from the analyses. Statis-
tical analyses were performed using SAS version 9.4 (SAS
Institute, Cary, NC, USA).

Results

Patient characteristics

Of 2007 adults enrolled in the GOS as of February
25, 2022, 435 fulfilled the inclusion criteria (aged>18
years with at least two lyso-Gb1 assessments) and were
included in this study. Of these, 318 (73.1%) were receiv-
ing ERT at the last lyso-Gbl assessment (all treated
cohort: 277 [87.1%] started treatment before the first
lyso-Gb1 assessment; 41 [12.9%] were treatment naive
at the time of the first lyso-Gb1l assessment), 38 (8.7%)
were receiving treatment at the time of the first lyso-
Gb1 assessment but stopped treatment before the last

Last lyso-Gb1
assessment

ERT (n = 277)

ﬁ Treated cohort:

Receiving treatment at last

ERT (n = 41) lyso-Gb1 assessment (n = 318)

Stopped-treatment cohort:

ERT (n = 38)

} Receiving treatment at first

+
\

lyso-Gb1 assessment only (n = 38)

Untreated cohort

No treatment at any time (n = 79)

I No ERT (n = 79)

v

Analysis period

Fig. 1 Patient stratification. Baseline was defined as the time of a patient’s first glucosylsphingosine (lyso-Gb1) assessment. Study duration was defined
as the time between the first and last lyso-Gb1 assessments for each individual. ERT, enzyme replacement therapy
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lyso-Gb1 assessment, and 79 (18.2%) remained untreated

throughout the analysis period.

Age at baseline and sex distribution were similar across
the all treated, untreated, and stopped treatment cohorts
(Table 1). The c.1226A >G (N370S/N409S) homozygous
GBA1 mutation was recorded for 74.7% and 73.7% of

(2025) 20:43
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treated cohort; median [range] 14.3 [0.1-29.4] years)

compared with those who stopped treatment during the

untreated and stopped treatment patients, respectively,

compared with 49.4% of treated patients. The duration
of treatment prior to the first lyso-Gb1l assessment was
greater for 277 patients who remained on treatment (all

Change in lyso-Gb1 over time
Median lyso-Gb1 concentrations at baseline (first lyso-
Gbl assessment) were 92.6 (range 3.0-1140.0) ng/

Table 1 Patient demographics and characteristics at baseline (time of the first lyso-Gb1 assessment)

analysis period (median [range] 7.7 [0.3—22.0] years). The
median time between the first and last lyso-Gb1 assess-
ment was just over 5 years for the treated and stopped
treatment cohorts and 3.9 years for untreated patients.

Untreated All treated Stopped treatment
(n=79) (n=318) (n=38)
Age at first lyso-Gb1 assessment, y
Mean (SD) 44.3(15.36) 44.2 (15.84) 41.8(13.75)

Median (range)
Age on July 2,2014,y
Mean (SD)
Median (range)
Sex, n (%)
Male
Variants in GBAT or disease type, n (%)
€.1226A> G (N370S/N409S)/c.1226 A> G (N370S/N409S)
C.1226A > G (N370S/N409S)/other
€.1448T > C (L444P/L483P)
Not available/unknown
Total splenectomy, n (%)
Duration of treatment prior to first lyso-Gb1 assessment, y
n
Mean (SD)
Median (range)
Time between first and last lyso-Gb1 assessment, y
Mean (SD)
Median (range)
Hemoglobin concentration, g/L
n
Mean (SD)
Median (range)
Platelet count, x 10%/L
n
Mean (SD)
Median (range)
Liver size, MoN
n
Mean (SD)
Median (range)
Spleen size, MoN
n
Mean (SD)
Median (range)

443 (19.6-79.2)

436 (15.48)
43.5(18.5-80.2)

4.1(1.7)
39(1.1-7.5)

76
1326 (14.84)
132.5(87.0-168.0)

75
156.2 (81.95)
139.0 (30.0-430.0)

64
1.1(0.20)
1.1(0.5-1.7)

56
6.4 (1.84)
6.1(3.8-13.2)

41.6(17.6-88.0)

440 (16.02)
42.3(183-87.9)

138 (434)

157 (49.4)
115(36.2)
23(7.2)
23(7.2)
59(18.6)
277

13.3(7.5)
143 (0.1-29.4)

4.7 (1.9)
5.1(0.5-7.5)

312
133.9(15.17)
134.0 (96.0-173.0)

312
160.1 (83.30)
146.0 (17.0-476.0)

237
1.1(0.22)
1.1(0.5-2.0)

200
8.1(3.20)
74(3.2-23.0)

40.0 (19.5-75.8)

42.2(13.67)
394 (21.0-77.0)

17 (44.7)

28(73.7)
8(21.1)

9.1(6.9)
7.7 (0.3-22.0)

49(1.4)
5.1(24-6.9)

38
128.2(19.12)
131.0 (89.0-161.0)

38
124.6 (60.08)
130.5 (10.0-331.0)

35
1.2(0.22)
1.1(0.8-1.7)

32
8.3 (3.30)
8.0 (3.5-174)

Genetic information was available for 412 (94.7%) patients overall. For hematologic outcomes, hemoglobin concentrations were available for 426 (97.9%) patients
and platelet counts were available for 425 (97.7%). For visceral outcomes, liver and spleen volumes were available for 336 (77.2%) and 288/363 non-splenectomized

(79.3%) patients, respectively

Lyso-Gb1, glucosylsphingosine; MoN, multiple of normal; SD, standard deviation

Liver MoN of 1.0 was defined as 2.5% of body weight and spleen MoN of 1.0 was defined as 0.2% of body weight



Zimran et al. Orphanet Journal of Rare Diseases (2025) 20:43

mL in the all treated cohort, 109.0 (7.9-660.0) ng/
mL in untreated patients, and 100.3 (15.5-506.0) ng/
mL in patients who stopped ERT treatment (Fig. S1).
In the all treated cohort, baseline lyso-Gbl concen-
trations were higher for patients who were treatment
naive (224.0 [67.1-1140.0] ng/mL, n=41) than for
those already receiving treatment at baseline (78.2 [3.0—
898.0] ng/mL, n=277).

Decreases in lyso-Gb1 were observed over the follow-
up period for most patients in the all treated cohort.
Patients who were treatment naive at the first lyso-
Gbl assessment had a median (range) decrease of
120.5 (—427.0 to 349) ng/mL, n=41) and lyso-Gb1 con-
centrations decreased by =10% (arbitrary threshold) in
36 of 41 (87.8%) patients (median decrease of 138.8 ng/
mL) (Fig. S1). Patients receiving treatment at both
the first and last lyso-Gb1 assessments (#=277) had a
median (range) decrease of 3.3 (-729.6 to 697.0) ng/mL,
with decreases of >10% occurring in 132 of 277 (47.7%)
patients (median decrease of —46.0 ng/mL). In contrast,
increases were observed for untreated patients and those
who stopped treatment prior to the last lyso-Gb1 assess-
ment (Fig. S1). Lyso-Gbl concentrations increased by
>10% in 56 of 79 (70.9%) untreated patients (median
increase 54.8 ng/mL) and in 22 of 38 (57.9%) patients
who stopped treatment (median increase 75.5 ng/mL).
Scatter plots depicting the distribution of individual lyso-
Gb1 concentrations from first to last assessment in the
various treatment groups are presented in Fig. 2.

Patients treated with velaglucerase alfa
Among the 318 patients who received treatment, 78 (24.5%)
received velaglucerase alfa as their only form of ERT. Of
these, 50 patients were receiving treatment at baseline and
28 were treatment naive at baseline. The median (range)
velaglucerase alfa dose was similar for those receiving
treatment at baseline (30.0 [15.0-84.6] U/kg) to those who
started treatment after the baseline assessment (30.0 [15.0—
60.0] U/kg). Dose reductions occurred between the first and
last lyso-Gb1 assessments for some patients (Table 2).

Overall, decreases in lyso-Gbl concentrations over the
assessment period were numerically greater for 78 patients
treated with velaglucerase alfa (-32.6 ng/mL) than for 318
patients treated with any ERT (treated cohort, inclusive of
those receiving velaglucerase alfa; — 8.6 ng/mL), despite sim-
ilar baseline values (Fig. S2). Among the 240 patients treated
with any ERT excluding velaglucerase alfa, the decrease in
lyso-Gb1 concentrations was —2.5 ng/mL. A scatter plot
showing the distribution of individual lyso-Gb1 concentra-
tions from first to last assessment in patients treated with
velaglucerase alfa only is presented in Fig. 3.

Among the 41 patients in the all treated cohort (any ERT)
who were treatment naive at baseline, a decrease in lyso-
Gb1 concentration of —120.5 ng/mL was observed (Fig. S1).
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In patients treated with velaglucerase alfa only, those who
were treatment naive at baseline (#=28) had a decrease in
lyso-Gb1 concentration of —138.8 ng/mL, while a decrease
of —12.8 ng/mL was observed among the 50 patients who
were treated with velaglucerase alfa at baseline (Fig. S2). All
patients who were velaglucerase alfa naive at baseline had
decreased (96.4%) or stable (3.6%) lyso-Gb1 concentrations
over the assessment period. Of those receiving velaglucerase
alfa at the first assessment, 33 (66.0%) patients showed
decreased or stable lyso-Gbl, whereas lyso-Gbl concen-
trations increased by >10% from baseline for 17 (34.0%)
patients over the assessment period (Fig. S2). However,
baseline values and absolute changes in lyso-Gb1 were small
(median [Q1-Q3] 39.5 [20-57.7] ng/mL at baseline and 17.8
[13.5-45.3] ng/mL change from baseline to last assessment),
with the exception of one patient who had an increase in
lyso-Gb1 from 339 to 669 ng/mL over 9.2 years of follow-up
following a break in treatment between February 2016 and
January 2022. Hematologic outcomes remained consistent
over the assessment period for all 17 patients. Median (Q1-
Q3) hemoglobin concentrations were 132 (116-139) g/L at
baseline and 128 (121-132) g/L at the last assessment, and
platelet counts were 213 (144—232) x 10°/L at baseline and
177 (144—220) x 10°/L at the last assessment.

Lyso-Gb1 level by disease type

Analysis of individual lyso-Gb1 levels (at last assessment)
by disease genotype indicated a higher range of values in
patients with type 1 GD heterozygous for N370S com-
pared to patients with type 1 GD homozygous for N370S
or patients with type 3 (neuronopathic) GD (Fig. S3).

Change in lyso-Gb1 vs. clinical parameters

The cohort of 41 treatment-naive patients had a signifi-
cant annual decrease in lyso-Gb1 concentration (f = -25.9
[95% CI —34.6 to —17.1]) after treatment initiation, as well
as small but significant improvements in hemoglobin con-
centrations (f=1.5 [0.8-2.1]; 51 samples were excluded as
outliers, leaving 5095 samples for inclusion), platelet counts
(B=10.0 [7.8-12.2]; 33 samples were excluded as outliers,
leaving 5082 samples for inclusion), and spleen volume
(non-splenectomized patients only; p = —0.4 [-0.5 to —0.2]),
and no change in liver volume (f = -0.01 [-0.02 to 0.0])
(Table 3). In contrast, the cohort of 79 untreated patients
had a significant annual increase in lyso-Gb1 concentration
from the first to last lyso-Gbl assessment (f=11.9 [5.2—
18.7]), with no marked changes in hematologic or visceral
outcomes (Table 3). However, no significant correlations
between lyso-Gb1 concentrations and clinical parameters
were observed (R? values range 0.0011-0.4550), likely owing
to high inter- and intra-patient variation and the small sam-
ple size. Graphical explorations of the relationships between
lyso-Gbl level and selected clinical outcomes (hemoglobin
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Fig. 2 Scatter plots showing distribution of individual glucosylsphingosine (lyso-Gb1) levels from first to last assessment by treatment group: (A) untreat-
ed patients (n=79); (B) patients who stopped treatment (n=38); (C) all treated patients (n=318); (D) treated patients who were receiving treatment at first
assessment (n=277);and (E) treated patients who were treatment-naive at first assessment (n=41). Lyso-Gb1 levels < 6.8 ng/ml are considered normal [6]
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Table 2 Velaglucerase alfa dose in patients treated with velaglucerase alfa only
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Receiving treatment at first lyso-Gb1 assessment (n=49)

Treatment naive at first lyso-Gb1 assessment

(n=28)
First dose Last dose First dose Last dose
Dose, U/kg
Mean (SD) 324 (20.54) 27.9(17.77) 39.6 (20.09) 354(19.2)
Median (range) 30.0 (15.0-84.6) 30.0 (15.0-84.6) 30.0 (15.0-60.0) 30.0 (15.0-60.0)

Dose category, n (%)

<15U/kg

>15t0 <30 U/kg
>30to <45 U/kg
>45 to <60 U/kg

>60 U/kg

24 (49.0)
8(16.3)
3(6.1)
13(26.5)
1(20)

24 (49.0)
17 (34.7)
1(.0)
5(10.2)
2(4.1)

8(28.6)
7 (25.0)
0(0)

13 (46.4)
0(0)

0(35.7)
(25.0)
(7.1)
(32.1)

000

1
7
2
9

Data show subgroups of patients from the all treated group treated with velaglucerase alfa only. Dose was bi-weekly or every other week, referring to calculated
bi-weekly dosing interval

Lyso-Gb1, glucosylsphingosine; SD, standard deviation
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Fig. 3 Scatter plot showing distribution of individual glucosylsphingosine (lyso-Gb1) levels from first to last assessment in patients treated with velaglu-
cerase alfa only (n=78). Lyso-Gb1 levels < 6.8 ng/ml are considered normal [6]
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Table 3 Estimated annual rate of change in lyso-Gb1 and clinical parameters in treatment naive ERT initiated and untreated patients

Treatment naive (n=41)

Untreated (n=79)

Lyso-Gb1 concentrations, ng/mL, B (95% Cl) -259(-346to—17.1) 11.9(5.2-18.7)
Hemoglobin, g/L, B (95% Cl) 15(0.8-2.1) 0.1 (-04 to 0.6)
Platelet count, x 107/L, 3(95% Cl) 10.0(7.8-12.2) 0.8 (-0.8t02.3)

Spleen size, MoN, 3 (95% Cl)
Liver size, MoN, 3 (95% Cl)

-04 (-0.5to —0.2) [n=36]
-0.01 (-0.02 t0 0.0) [n=39]

-0.04 (-0.2t0 0.1) [n=66]
0.01 (0.0-0.01) [n=75]

Liver MoN of 1.0 was defined as 2.5% of body weight and spleen MoN of 1.0 was defined as 0.2% of body weight. Models to estimate changes in the above parameters
only included patients with three or more assessments of that parameter. Estimates for change in spleen size included non-splenectomized patients only

B, estimated slope; Cl, confidence interval; lyso-Gb1, glucosylsphingosine; MoN, multiple of normal

level, platelet count, and spleen volume) are presented in
Fig. S4.

Discussion
In this evaluation of data from the GOS, changes in lyso-
Gb1 concentrations measured from DBS samples were
found to be reflective of ERT treatment status in most
patients. Treatment-naive patients (i.e., those with a
“true” baseline assessment of lyso-Gb1 prior to ERT ini-
tiation) had both higher lyso-Gb1 concentrations at the
baseline assessment and numerically greater decreases
in lyso-Gb1 concentration with treatment than patients
who were already receiving GD-specific treatment at
the baseline assessment, consistent with previously pub-
lished findings [6, 8, 9, 16, 28]. These results suggest that
patients already receiving treatment at baseline were
likely to have experienced decreases in lyso-Gbl con-
centrations prior to the first assessment in this analysis.
Additionally, numerically larger decreases in lyso-Gbl
concentration were observed for those treated with vela-
glucerase alfa compared with the overall treated cohort
including those treated with any ERT excluding velaglu-
cerase alfa, consistent with a separate study that evalu-
ated lyso-Gbl concentrations on DBS samples [29].
These results are supportive of a proposed small “booster
effect” of this ERT, thought to be a result of its wild-
type human sequence and superior internalization into
human macrophages compared with other ERTs [30, 31].
Increases in lyso-Gbl concentrations observed among
untreated patients and those who stopped treatment
are similarly in line with previous findings that lyso-Gb1
concentrations increase after the cessation of treatment
[12, 16], and may indicate the utility of lyso-Gb1 to detect
disease exacerbations during drug holidays, particularly
in patients who have a chitotriosidase null mutation.
Previous work has explored the value of lyso-Gb1 as a
prognostic and disease-monitoring biomarker [11, 12, 16,
22]. In our study, significant decreases in lyso-Gb1 con-
centrations and spleen volume, and significant increases
in hemoglobin concentrations and platelet counts were
observed in treatment-naive patients after initiation of
GD-specific treatment, in line with previous findings [8,
16, 28]. For untreated patients, a significant increase in

lyso-Gb1 concentration was observed between baseline
and last available assessments, with no corresponding
changes in clinical parameters. The greater magnitude
of change in lyso-Gb1l compared with clinical outcomes
suggests effects on this biomarker might precede clini-
cally significant events.

Considerable inter-patient variation was observed.
More than a third of treated patients had an increased
lyso-Gb1 concentration of >10% from baseline to last
assessment—most of whom (115/118 [97.5%]) had ini-
tiated ERT prior to the first lyso-Gbl assessment—
compared with approximately two-thirds of untreated
patients or those who stopped treatment. However,
absolute changes were small for most patients, and were
not reflected by changes in hemoglobin concentrations
or platelet counts. This variation may be explained by
patient and disease-related factors; previous studies have
identified factors such as age, circadian rhythm, effects
of nutrition and/or physical activity, or effects of coex-
isting pathological conditions as potential explanations
for a high variability in lyso-Gb1l measurements [8, 28].
This variability and overlap between treated/untreated
patients underline the importance of longitudinal mea-
surements to accurately assess treatment outcomes and
disease progression. A responder analysis, with stratifica-
tion by factors such as age at symptom onset, age at diag-
nosis, timing of ERT, disease severity, clinical parameters
at baseline, and treatment variation could be beneficial to
further understand the variability of lyso-Gb1 responses
in individual patients.

Our analysis provides important information on trends
of lyso-Gbl change with respect to treatment. The use
of the GOS, a rare-disease registry, affords the opportu-
nity to collect longitudinal data from a larger and more
varied patient cohort than clinical trials, and provides
insights into real-world treatment utilization and out-
comes. However, certain limitations are inherent to
the use of such registries. Although enrollment in the
GOS is open to all patients with a confirmed diagnosis
of GD, irrespective of treatment status or type, there is
a potential for bias toward inclusion of velaglucerase
alfa—treated patients in a registry sponsored by the
manufacturer; velaglucerase alfa—treated patients may
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be overrepresented in this cohort, specifically in treat-
ment-naive patients, which might in part explain the
numerically greater decrease in lyso-Gb1 concentrations
observed among these patients. Data are collected dur-
ing routine clinical practice where the frequency of visits
and type of assessments can vary considerably between
patients, and the quality and quantity of the data depends
on the input provided by multiple physicians and other
users. As such, data may be incomplete or inconsistent.
To mitigate this, biologically improbable outliers (i.e.,
hemoglobin values <50 and >400 g/L and platelet count
values >600 x 10°/L) were omitted from these analyses,
although this may have resulted in the inadvertent exclu-
sion of data from splenectomized patients. The mea-
surement of lyso-Gb1 as a GD-specific biomarker is not
standardized and can vary considerably between labora-
tories. To limit inter-laboratory variability, assessments
of lyso-Gb1 using only the Centogene DBS Assay (Ros-
tock, Germany) were included in this study; however, the
exclusion of assessments using other assays limited the
number of participants available for the analysis. Three-
quarters of patients had the homozygous c.1226A>G
(N370S/N409S) genotype, reflective of the high propor-
tion of included patients from Israel. In addition, the
study excluded children (aged < 18 years) owing to a lack
of available data, further reducing the patient numbers
for evaluation. Nevertheless, the disease characteristics
(GD type, splenectomy status, liver and spleen volumes,
hemoglobin level and platelet count) of our study popula-
tion were generally similar to those reported for the over-
all GOS registry population [27].

Conclusions

In this evaluation of data from the GOS, numerically
larger decreases in lyso-Gbl were observed in patients
treated with velaglucerase alfa compared with other
ERTs. Long-term monitoring of lyso-Gb1 concentrations
using DBS from patients with GD in real-world clinical
settings suggests changes in this biomarker were reflec-
tive of ERT treatment response in most patients, provid-
ing support for the utility of lyso-Gbl measurements on
DBS samples for routine monitoring of patients with GD.
With consideration of the inherent limitations of real-
world data, this study indicates that routine monitoring
of lyso-Gb1 concentrations in clinical practice is feasible,
although further research is required to understand the
relationship between lyso-Gb1 and clinical parameters.
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