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Gaucher disease (GD) represents a lysosomal storage disease caused
by a genetic defect of the enzyme β‐glucocerebrosidase (GBA) in-
volved in the breakdown of complex glycosphingolipids, which are
important components of cell membranes. Deficient GBA enzyme
activity causes the accumulation of substrate glucosylceramide in
lysosomes of cells of the reticuloendothelial system and the char-
acteristic macrophages loaded with glucosylceramide defined as
“Gaucher cells.”1 Type 1 GD (GD1), affecting more than 90% of pa-
tients with GD from Europe and North America, can be diagnosed at
any age since initial symptoms (fatigue, asthenia, bone pain) are
nonspecific. The subsequent main clinical findings, such as bone
disease, hepatosplenomegaly, anemia, thrombocytopenia, and coa-
gulation abnormalities can be misdiagnosed, due to the rarity of the
disease and heterogeneity of the clinical picture. Being inherited in an
autosomal recessive manner, identification of biallelic pathogenic
variants in GBA1 on molecular genetic test is required to confirm the
diagnosis of GD1, besides glucocerebrosidase activity measurement
in peripheral blood leukocytes. The incidence is associated with
particular populations such as those of Ashkenazi Jewish descent
among whom GD1 was estimated at 1 in 450 births. In contrast, in a
recent review, the incidence was estimated at 0.45–22.9/100,000
live births in Europe and North America (4.5/100,000 live births in
Italy). Estimated prevalence per 100,000 population was 0.26–0.63 in
Europe.2

Evidence has accumulated over time for a risk for multiple
myeloma (MM) occurrence from 5.9 to 51.1 times greater in patients
with GD1 compared to the general population.3–5 However, no stu-
dies explored the concurrent GD1 in patients diagnosed with MM
except a small retrospective study.5 Herein, we reported the results
of a multicentre, observational, cross‐sectional study, designed to
evaluate the prevalence of GD1 in patients with smoldering MM
(SMM) and newly diagnosed MM (NDMM) or relapsed/refractory
MM (RRMM),6 aged >18 years giving written informed consent. The
study was approved by the competent Ethics Committee for each
center, and it was conducted in accordance with the Good Clinical
Practice (ICH Harmonized Tripartite Guidelines for Good Clinical
Practice 1996 Directive 91/507/EEC; D.M. 15.7.1997).

The primary aim of the study was the prevalence of unrecognized
GD1 in a selected adult population with a confirmed diagnosis of SMM
orMM. The secondary endpoint was to assess if, in patients with a final
diagnosis of GD1, distinctive features could be identified to draw a
diagnostic algorithm for early identification of genetic disease.

Peripheral blood of enrolled patients was drawn using EDTA as
an anticoagulant, and it was applied to a specific adsorbent paper
spot (dried blood spot, DBS) which was air dried for 4 h. The dried
samples were sent to the Centre for Research and Diagnosis of Ly-
sosomal Storage Disorders of CNR in Palermo for evaluating the
presence and the quantity of glucocerebrosidase enzyme. In case of
abnormal results, determination of the biomarker glucosylsphingosine
(lyso‐Gb1) and assessment of GBA gene mutational status according
to previously described method7 were performed.

Given the lack of data, the sample size has been determined
considering clinically relevant prevalence of the condition when
>0.5% for defining the selected population as “high risk.” To test this
hypothesis with an error alpha level of 5% and a statistical power of
95%, approximately 1000 patients were enrolled in this study. Ca-
tegorical variables were summarized by number of observations and
percentage. Continuous variables were described by median and
range. Distinctive factors of MM patients associated with GD1 were
eventually searched by appropriate analysis. All analyses were con-
ducted using the SPSS statistical package (version 31).

A total of 1004 SMM/MM patients with a median age of 68 years
(range: 36–92) years were enrolled in 22 Italian hematology centers.

Baseline general and laboratory characteristics are detailed in Sup-
porting Information S1: Table 1. Out of 891 patients with evaluable
disease status information, 54% were NDMM, 32% RRMM, and 3%
SMM and their disease‐related characteristics are listed inTable 1. As
for typical GD1 clinical symptoms, we found bone pain in the majority
of cases (40%), asthenia in 26%, and other symptoms in less than 5%
each. Out of 1004 enrolled patients, 14 were positive for DBS test
(1.3%), one with a compound heterozygous mutation of GBA gene
(prevalence: 0.09%; 95% confidence interval [CI]: 0.022–0.36), one
patient with a double heterozygous mutation of GBA gene, and 12
patients with a single heterozygous mutation of GBA gene (pre-
valence of double/single heterozygous status: 1.3%). The most fre-
quently identified mutation was N370S (3 patients), followed by
L444P (2 patients) and others.

The only compound heterozygous GBA‐mutated patient had his
mutation on L444P and R170C. He was 75 years old, had IgG kappa
MM, presenting with anemia and bone disease. Platelet count, ferri-
tin, and alkaline phosphatase values were normal and no organome-
galy was documented. His GBA enzymatic activity was 2 nmol/h/mL
(pathological range: 0.2–2.5 nmol/h/mL), and his LysoGb1 value was
14.6 ng/mL (normal value <6.8 ng/mL). After the identification of a
compound heterozygous GBA mutation, he was diagnosed with GD1
and he started ERT along with daratumumab‐based anti‐MM therapy.
The characteristics of mutated patients are detailed in Table 2.

Being only one MM patient affected by GD1, we were not able to
analyze the factors associated with this disease. Considering all DBS‐
positive patients, we found no distinctive factors associated with this
condition (Table 2).

Our multicentre study, including 1004 MM patients coming from
Northern and Southern Italy, found one patient affected by GD1 and
underwent ERT treatment along with antimyeloma therapy.8 There-
fore, in our study, the prevalence was 1 in every 1004 patients
(0.09%), which was lower than the assumed 0.5% but similar to the
highest prevalence found in a high‐risk population of Ashkenazi
Jewish descent in North America (0.14%)2 and higher than that re-
ported in Italy.9 Really, according to the prevalence of GD1 in the
general Italian population (0.009/1000), the prevalence in our study
(0.9/1000 MM/SMM) resulted in 100 times higher. Moreover, med-
ian age of our SMM/MM patients was much higher than the median
age GD1 that was diagnosed (68 years vs. 33 years); so hypotheti-
cally, we should have found an even lower prevalence. In a previous
report of a screening approach in 285 patients with plasma cell
dyscrasias, one patient was found to carry two heterozygous muta-
tions for GD but no GD diagnosis was made so the authors decided to
evaluate a larger population to better define this association.10 In a
recent prospective observational multicenter study conducted in
southern Italy, GD1 was diagnosed in four patients among 600
MGUS‐screened patients, with a prevalence of 1 every 150 patients.7

Over time, evidence has accumulated that GD patients had an in-
creased risk of developing cancers,11 with three times higher risk of
liver and renal cell malignancies and nine times risk of MM in patients
with GD1.12 Several hypotheses have been formulated to explain
pathophysiological link between GD and MM. Increased levels of pro‐
and anti‐inflammatory cytokines regulating B‐cell proliferation, such
as IL‐1β, TNFα, IL‐10, and IL‐6, have been found in the plasma of
patients with GD1;13 in patients with GD and MGUS or MM, the
clonal immunoglobulin was found to be reactive against lyso‐
glucosylceramide (LGL1) as well as clonal immunoglobulin was shown
to react with a bioactive lysolipid in nearly one‐third of patients with
sporadic MGUS or MM, suggesting that chronic antigenic stimulation
by lysolipids could induce development of these gammopathies and
depletion of substrate can improve GD‐associated gammopathy
in mice.14 A recently published paper15 reported a significantly
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decreased SMM burden in two patients with SMM and GD1 receiving
ERT therapy. The peculiar population of type II natural killer T (NKT)
may also constitute a link between GD1 and monoclonal gammo-
pathies since they are abundant in patients with GD1 and are able to
regulate B‐cell activity.16,17

Unfortunately, having found only one patient with GD1 diagnosis
and not presenting particular clinical or disease characteristics, we
were not able to define an algorithm to establish factors associated
with GD1 in SMM/MM. In Giuffrida et al.'s study,7 3 out of 4 patients
with MGUS and GD1 presented with typical features of GD1 as
splenomegaly, thrombocytopenia, and high ferritin. Therefore, due to
the high prevalence of GD1, we found, in the presence of any of
these signs, a DBS screening should be considered in the SMM/MM
population, thereby increasing the probability of early diagnosis of
GD1, which is necessary given the availability of three different ERTs.

In our study, we also found 13 heterozygous GD1mutations without
any hematological disease or signs of GD1. Heterozygous GD1 mutations
in GBA1 are associated with an increased risk of Parkinson's disease
(PD)18 but it was 2.2% in matched healthy controls in a large Italian
study.19 Therefore, speculation about this particular population is difficult.

TABLE 1 Baseline characteristics of the diseases.

Baseline MM features n (%)

Type of Ig involved

IgG k/L 372/198 (37/20)

IgA k/L 120/75 (12/7.5)

IgD k/L 3/8 (0.3/0.8)

FLC k/L 82/42 (8/4)

NS 6 (0.6)

Missing 98 (10)

Previous MGUS

Yes 262 (26)

No 631 (63)

Missing 111 (11)

MM phase

NDMM 541 (54)

RRMM 319 (32)

SMM 31 (3)

Missing 113 (11)

Clinical parameters

Typical Gaucher symptoms

Asthenia 263 (26)

Bone pain 400 (40)

Fracture 148 (15)

Impotence 9 (1)

Alvus alteration 32 (3)

Active infections 11 (1)

Orthostatic hypotension 24 (2)

Systemic manifestations 31 (3)

Weight loss 29 (3)

Hyperviscosity 5 (0.5)

Neurological symptoms 34 (3)

CRAB

Anemia 405 (40)

Renal failure 153 (15)

Hypercalcemia 64 (6)

Bone disease 565 (56)

SLiM CRAB

>1 MRI lesion 136 (13.5)

FLC ratio ≥100 109 (11)

Plasma cells ≥60% 277 (27.5)

Neuropathy (yes/no/NA) 104/761/139 (10/76/14)

Abdominal evaluation (pathological/normal/NA) 34/850/120 (3/85/12)

AL Amyloidosis (yes/no/NA) 25/664/315 (2/66/32)

Skeletal radiography (pathological/normal/NA) 116/66/822 (11.5/6.5/82)

MRI (pathological/normal/NA) 312/71/621 (31/7/62)

Skeletal CT (pathological/normal/NA) 437/154/413 (44/15/41)

TABLE 1 (Continued)

Baseline MM features n (%)

Plasmocytoma

Yes 95 (9)

No 773 (77)

Missing 136 (14)

Cytogenetic features

1q21 134 (13)

Del13 90 (9)

Del17p 45 (4)

Hyperdiploid 59 (6)

Hypodiploid 13 (1)

t(11;14) 80 (8)

t(14;16) 8 (1)

t(4;14) 44 (4)

Normal 21 (82)

ISS

I 314 (31)

II 270 (27)

III 226 (23)

Missing 194 (19)

R‐ISS

I 156 (15.5)

II 257 (25.5)

III 92 (9)

Missing 499 (50)

Abbreviations: CT, computed tomography; FLC, free light chains; ISS, International
Staging System; MGUS, Monoclonal Gammopathy of Indetermined Significance;
MM, multiple myeloma; MRI, magnetic resonance imaging; NDMM, newly diagnosed
multiple myeloma; NS, not specified; R‐ISS, Revised International Staging System;
RRMM, relapsed refractory multiple myeloma; SMM, smoldering myeloma.
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In conclusion, we found that the prevalence of GD1 in SMM/MM
patients is so much higher than that of the general population as a
similar study also found in MGUS. Therefore, we and others have
demonstrated that GD1 should be considered a disease associated
with plasma cell dyscrasias. Any signs of GD1, such as thrombocy-
topenia, splenomegaly, and high ferritin level, should be searched in
MGUS/SMM/MM and, if present, a DBS screening should be in-
cluded in the diagnostic work‐up with the aim to recognize GD1 and,
eventually, to avoid therapy delay.
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