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Abstract: Gaucher disease (GD) is a rare lysosomal autosomal-recessive disorder due to deficiency
of glucocerebrosidase; polyclonal gammopathy (PG) and/or monoclonal gammopathy (MG) can
occur in this disease. We aimed to describe these immunoglobulin abnormalities in a large cohort
of GD patients and to study the risk factors, clinical significance, and evolution. Data for patients
enrolled in the French GD Registry were studied retrospectively. The risk factors of PG and/or MG
developing and their association with clinical bone events and severe thrombocytopenia, two markers
of GD severity, were assessed with multivariable Cox models and the effect of GD treatment on
gammaglobulin levels with linear/logarithmic mixed models. Regression of MG and the occurrence
of hematological malignancies were described. The 278 patients included (132 males, 47.5%) were
followed up during a mean (SD) of 19 (14) years after GD diagnosis. PG occurred in 112/235 (47.7%)
patients at GD diagnosis or during follow-up and MG in 59/187 (31.6%). Multivariable analysis
retained age at GD diagnosis as the only independent risk factor for MG (> 30 vs. <30 years, HR 4.71,
95%CI [2.40-9.27]; p < 0.001). Risk of bone events or severe thrombocytopenia was not significantly
associated with PG or MG. During follow-up, non-Hodgkin lymphoma developed in five patients and
multiple myeloma in one. MG was observed in almost one third of patients with GD. Immunoglobulin
abnormalities were not associated with the disease severity. However, prolonged surveillance of
patients with GD is needed because hematologic malignancies may occur.

Keywords: Gaucher disease; polyclonal gammopathy; monoclonal gammopathy; multiple myeloma;
monoclonal gammopathy of unknown significance

1. Introduction

Gaucher disease (GD, (OMIM #230800, #230900, #231000) is a rare lysosomal autosomal recessive
disorder due to a deficiency of glucocerebrosidase (Enzyme Commission number EC 3.2.1.45), a
lysosomal enzyme, or more rarely, its activator (saposin C) [1]. This deficiency leads to an accumulation
of its substrate, glucosylceramide, in macrophages, which then accumulate in the bone marrow, liver,
spleen, brain, and lungs. GD is one of the most common lysosomal disorders and is characterized by
its heterogeneity, from an asymptomatic form to lethal forms. The main manifestations of GD include
splenomegaly, hepatomegaly, bone involvement such as bone infarcts, avascular osteonecrosis, or
pathological fractures, anemia, and/or thrombocytopenia. On the basis of neurological involvement,
three distinct clinical phenotypes of GD have been described: type 1 GD is the most common phenotype
(prevalence: 90-95% in Europe and North America) and typically causes no neurological damage; type 3
GD is characterized by neurological impairment, including horizontal ophtalmoplegia, myoclonus
epilepsy, cerebellar ataxia, and/or dementia; type 2 GD is characterized by early severe neurological
impairment, death occurring before the third year of life; the forms might represent a continuum [2].
GD is also associated with higher risks of some disease, such as Parkinson’s disease, solid cancer
(i.e., hepatocellular carcinoma), and immunoglobulin abnormalities [1,3,4]. There are currently two
types of treatment for GD: enzyme replacement therapy (ERT), supplying the GCase deficiency in the
cells (imiglucerase, velaglucerase, or taliglucerase), and substrate reduction therapy (SRT), inhibiting
GCase biosynthesis (miglustat or eliglustat) [1]. Their goal is to prevent complications such as massive
splenomegaly, cytopenia, or avascular osteonecrosis, but they are not justified for all GD patients.
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In the general population, polyclonal gammopathy (PG) occurs in many contexts, such as
chronic inflammation, liver diseases, autoimmune diseases, infections, and malignancies and results
in an overproduction of immunoglobulin by B lymphocytes. Monoclonal gammopathy (MG) is
considered as a telltale sign of a B clonal proliferation, which can be benign or malignant. It can
constitute premalignant states such as MG of unknown significance (MGUS) or in malignant B-cell
hemopathy, such as multiple myeloma (MM), non-Hodgkin lymphoma (NHL), or chronic lymphocytic
leukemia [5,6]. The prevalence of MGUS tends to increase with age and in particular from the age of
50 years, when it is estimated at 2%, and the risk of progression to MM is 1% per year [6].

In GD, immunoglobulin abnormalities are frequent, ranging from 21% to 91% for PG and 1% to
35% for MG according to previously published series [7-17]. These abnormalities can be present at
GD diagnosis, sometimes leading to its diagnosis, and/or during follow-up. Moreover, the risk of
MM is higher in GD patients than in the general population, with relative risk ranging from 1.3 to
51[15,18,19].

The pathophysiology of these immunoglobulin abnormalities in GD is still unclear. Several
factors have been hypothesized to play a role in their onset. Some authors suggested that the chronic
inflammation state and an increase in levels of inflammatory cytokines such as interleukins (IL-6,
IL-10) could lead to an overproduction of immunoglobulin [10]. More recently, Nair et al. showed
that in GD, B lymphocytes were activated by specific type II natural killer T lymphocytes, witha T
follicular helper profile, and the clonal immunoglobulin in GD patients and in mouse models of GD
was reactive against glucosylsphingosine, the deacetylated form of glucosylceramide [20,21]. However,
for Preuss et al., the target of paraprotein in GD-associated MGUS or MM was more likely saposin
C, the glucocerebrosidase activator [22]. Despite debates on the pathophysiology, the risk factors,
clinical significance and evolution of these gammopathies in GD are still unclear and have often been
investigated in small cohorts.

This study aimed to describe the immunoglobulin abnormalities PG and MG in a large cohort of
GD patients and study the risk factors, clinical significance, and evolution with or without GD treatment.

2. Results

2.1. Study Population

Among the 657 GD patients included in the French GD registry (FGDR), 278 (42.3%) had at
least one determination of immunoglobulin level and/or data on the presence or absence of MG and
were included in the study (population 1). Most patients had type 1 GD (n = 262); three and 13 had
type 2 and 3.

In total, 235/278 (84.5%) patients had at least one determination of immunoglobulin level
(population 2), 187 (67.3%) had information on the presence or absence of MG (population 3), and 144
(51.8%) had both (population 4). Their main clinical demographic characteristics at GD diagnosis and
during follow-up are in Table 1. Mean (standard derivation [SD]) age at GD diagnosis was 24.4 (18.3)
years and mean follow-up duration since GD diagnosis was 19 (14) years.
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Table 1. Baseline characteristics of participants with Gaucher disease (GD) with or without polyclonal gammopathy (PG) or monoclonal gammopathy (MG).

Population 2

Population 1 Population 3
(n = 278) (n = 235) (n = 187)
(All Cohort) (At Least One Gammaglobulin (At Least One Determination of Presence or
Determination) Absence of MG)
PG- PG+ MG- MG+

Characteristics at GD diagnosis n=278 n=123 n=112 n=128 n=>59
Sex = male, 1 (%) 132 (47.5) 62 (50.4) 47 (42.0) 59 (46.1) 31 (52.5)
Age at GD diagnosis, years, n (%) 244 (18.3) 24.1(19.8) 22.0(15.2) 22.6(15.2) 37.2(18.5)

>30 years old 91 (32.7) 43 (35.0) 28 (25.0) 37 (28.9) 36 (61.0)
Phenotype, 1 (%)

type 1 GD 262 (94.2) 113 (91.9) 106 (94.6) 123 (96.1) 59 (100)

type 2 GD 3(1.1) 3(2.4) 0 (0.0) 0 (0.0) 0(0.0)

type 3 GD 13 (4.7) 7(5.7) 6(5.4) 5(3.9) 0(0.0)
Genotype, 1 (%)

p.Asn409Ser/p.Asn409Ser 29 (10.4) 14 (11.4) 15 (13.4) 18 (14.1) 6 (10.2)

p.Asn409Ser/p.Leu483Pro 45 (16.2) 15 (12.2) 20 (17.9) 26 (20.3) 9 (15.3)

p.Leu483Profp.Leud83Pro 5(1.8) 2(1.6) 3(27) 2(1.6) 0(0.0)

p.Asn409Ser/other 68 (24.5) 41 (33.3) 21 (18.8) 31(24.2) 16 (27.1)

p.Leu483Profother 9(3.2) 4(3.3) 3(2.7) 6(4.7) 1(1.7)

NA 122 (43.9) 47 (38.2) 50 (44.6) 45 (35.2) 27 (45.8)
Splenomegaly at GD diagnosis, 1 (%)

No 58 (20.9) 11 (8.9) 9(8.0) 11 (8.6) 3(5.1)

Yes 129 (46.4) 89 (72.4) 79 (70.5) 91 (71.1) 35 (59.3)

NA 64 (23.0) 23 (18.7) 24 (21.4) 26 (20.3) 21 (35.6)
Hepatomegaly at GD diagnosis, 1 (%)

No 58 (20.9) 30 (24.4) 18 (16.1) 34 (26.6) 7 (11.9)

Yes 129 (46.4) 58 (47.2) 57 (50.9) 57 (44.5) 25 (42.4)

NA 91 (32.7) 35 (28.5) 37 (33.0) 37 (28.9) 27 (45.8)
Anemia at GD diagnosis, 1 (%)

No 131 (47.1) 73 (59.3) 39 (34.8) 68 (53.1) 28 (47.5)

Yes 37 (13.3) 12 (9.8) 20 (17.9) 15 (11.7) 6 (10.2)

NA 110 (39.6) 38 (30.9) 53 (47.3) 45 (35.2) 25 (42.4)
Thrombocytopenia at diagnosis, 1 (%)

No 84 (30.2) 43 (35.0) 26 (23.2) 44 (34.4) 14 (23.7)

Yes 105 (37.8) 51 (41.5) 39 (34.8) 47 (36.7) 24 (40.7)

NA 89 (32.0) 29 (23.6) 47 (42.0) 37(28.9) 21 (35.6)
Characteristics during follow-up,
Splenectomy, 1 (%) 69 (24.8) 15 (12.2) 42 (37.5) 24 (18.8) 22 (37.3)
ERT/SRT, 1 (%) 228 (82.0) 101 (82.1) 97 (86.6) 102 (79.7) 49 (83.1)

Results are expressed are number (%) for categorical variables. GD: Gaucher disease; NA: not available; ERT: enzyme replacement therapy; SRT: substrate reduction therapy.
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2.2. Prevalence of PG and MG

Among the 235 patients with at least one determination of immunoglobulin level (population 2),
112 (47.7%) had PG at least once, either at GD diagnosis (1 = 16; 14.3%) or during follow-up (n = 96;
85.7%) after a mean (SD) of 15 (11.2) years after diagnosis. The mean (SD) immunoglobulin level was
18.6 (5.3) g/L, with a maximum of 36 g/L. Mean age at PG diagnosis was 35.0 (16.5) years (Appendix A
Figure A1), and mean duration between GD diagnosis and the first detection of PG was 12.9 (11.7) years.

Among the 187 patients with at least one determination of the presence or absence of MG
(population 3), 59 (31.6%) had at least one recorded MG: 20 (10.7%) at GD diagnosis, and 39 (20.9%)
during follow-up, after a mean (SD) of 19 (11) years after GD diagnosis. For these patients, mean age at
GD diagnosis was 37.2 (18.5) years, and mean age at MG diagnosis was 49.7 (14.3) years (Appendix A
Figure A2). All had type 1 GD. The type of the paraprotein was available for 50 (87.7%) patients: IgG-«
(n =23), IgG-A (n = 7), IgG with unknown type of light chain (n = 4), IgA-k (n = 3), IgM-k (n = 4), IgM-A
(n = 2), IgM with unknown type of light chain (n = 1), and free light chain A (n = 1). In addition, four
patients had biclonal gammopathy (IgG-« and IgG-A for 2, and IgM-A and IgM-« for 2).

2.3. Risk Factors of PG and MG

Associations between baseline characteristics, splenectomy and treatment and PG or MG are
reported in Table 2. On univariate analyses, age at GD diagnosis was associated with increased risk
of PG (hazard ratio [HR] 1.01; 95% confident interval [95%CI] 1.00-1.03) and MG (HR 1.08 [95%CI
1.05-1.1]). On multivariable analyses, no variables were associated with increased risk of PG, but
age at GD diagnosis was associated with increased risk of MG (> 30 vs. <30 years: HR 4.71, 95%ClI
[2.40-9.27]) (Figure 1). Splenectomy and GD treatments did not decrease the risk of PG or MG on
univariate and multivariable analyses.

100% 1

75%

50% 1

25%1 :

Probability of monoclonal
gammopathy-free survival

Age at GD diagnosis

~— <30 years p<0.001

0% -+ >30 years
o

0 5 10 15 20 25 30
Years after GD diagnosis

Number at risk

<30 years{110 101 90 82 70 50 21
>30 years 54 37 26 20 13 5 S
0 5 10 15 20 25 30

Figure 1. Kaplan-Meier curve of survival without monoclonal gammopathy by age at Gaucher disease
diagnosis (1 = 164). No: number; GD: Gaucher disease.
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Table 2. Cox proportional-hazards analysis of risk of PG or MG with GD.

Risk of PG Risk of MG
Univariate Analysis Multivariable Analysis Univariate Analysis Multivariable Analysis
n PG HR  95%CI p HR  95%CI p n MG HR 95%CI p HR  95%CI p

Age at GD diagnosis, years 209 97 1.01 1.00-1.03 0.034 1.01 0.99-1.03 0.356 164 39 1.08 1.05-1.10  <0.001 1.08 1.05-1.10 <0.001
Age at GD diagnosis 209 97 164 39

<30 years (ref) (ref)

>30 years 1.48 0.92-2.39 0.107 471 2.40-9.27  <0.001
Male 209 97 0.92 0.61-1.39  0.69 1.3 0.69-2.46  0.414
Genotype 126 52 104 21
p.Asn409Ser/p. Asn409Ser (ref) (ref)

p.Leu483Profp.Leu483Pro 115 025517 0.86 ) ) )

p Asnd095er/p Leut83Pro 090  042-195 0.797 059 014253 048
Other 071  020-256 0.605 L1 039317 084
Splenomegaly at diagnosis 164 73 0.66 0.30-1.45 0.302 123 35 1.06 0.14-8.02  0.954
Hepatomegaly at diagnosis 138 60 1.04 0.56-1.92 091 106 18 2.58 0.59-11.27  0.207
Anemia at diagnosis 120 45 176 095326 0071 182 095351 0072 101 20 0.69 023207 0506
Thrombocytopenia at 135 51 103 058-1.83 092 110 21 143 055369 0463
diagnosis
gﬁjﬁ;jg‘mng 209 97 089  056-143 0635 080  0.40-1.62 0536 164 39 135 067273 0405 125  0.61-2.60 0.543
fgﬁi‘:i‘;@y during 209 97 117 076-1.82 0471 122 057-261 0602 164 39 104 052205 0917 098  049-1.98 0.963
MG § 135 63 081  034-191 0.625
PGS$ 135 28 083  036-1.90  0.652

Univariate analyses involved the log rank test. Survival was calculated from the time of GD diagnosis to the first occurrence of PG, MG, or the last follow-up visit. Multivariable analyses
involved 120 patients (45 events) for PG and 164 patients (39 events) for MG and included variables with p < 0.2 in univariate analyses, treatment and splenectomy. * Treatment included
enzyme replacement therapy or substrate reduction therapy. § at diagnosis or during follow-up (time-dependent variables). HR: hazard ratios; 95%CI: 95% confidence interval; GD:
Gaucher disease; PG: polyclonal gammopathy; MG: monoclonal gammopathy; ref: reference.
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On restricting our analysis to population 4, with available data on immunoglobulin level and MG,
risk of MG was not increased with PG at diagnosis or during follow-up, assessed as a time-dependent
variable (HR 0.83, 95%CI [0.36-1.90]), and risk of PG was not associated with MG at diagnosis or
during follow-up (HR 0.81, 95%CI [0.34-1.91]).

2.4. Associations with Bone Events and Severe Thrombocytopenia

Associations between PG and MG with BE are shown in Tables 3 and 4, respectively. Incident
bone events (BE) (i.e., diagnosed after GD diagnosis) occurred for 76/190 (40.0%) and 61/150 (40.7%)
patients included in the analyses for PG and MG after having excluded prevalent BE, respectively.
On multivariable analyses, risk of BE was not significantly associated with presence of PG or but
was significantly increased with splenectomy (HR 2.63, 95%ClI [1.60—4.33] for PG; HR 2.60, 95%CI
[1.49-4.55] for MG).

Incident severe thrombocytopenia (i.e., diagnosed after GD diagnosis) occurred for 47/197 (23.9%)
and 36/151 (23.8%) patients included in the analyses for PG and MG, respectively. Similarly, risk of
severe thrombocytopenia was not significantly associated with presence of PG or MG but was reduced
with splenectomy or GD treatment ERT or SRT (Tables 3 and 4).

2.5. Evolution of PG and MG

Evolution of gammaglobulin levels as a function of time since the beginning of GD treatment
(ERT or SRT) is reported in Figure 2. The gammaglobulin level decreased both before the initiation of
GD treatment (slope = —0.13 [-0.22; —0.03]) and after (slope = —0.24 [-0.28; —0.20]), with a statistically
significant interaction term between period and time (p = 0.009). These findings suggest a marked
decline of gammaglobulin levels with ERT or SRT.

Before SRTorERT Under SRTor ERT
Slope=-0.13 Slope=-0.24

p=0.011 ’ p<0.001

301

50

)

(=] "

- id

2 204

2 <

c 150
B 100
o

g

£

o

(V)

20 15 10 5 0 0 5 10 15 20
Time before SRT or ERT Time under SRT or ERT
Figure 2. Evolution of gammaglobulin level before and after GD treatment. Treatment included enzyme
replacement therapy or substrate reduction therapy. Slopes were obtained with linear/logarithmic

mixed models on patients who received treatment, at two periods: before and after starting treatment.
The impact of the treatment was assessed by using an interaction term between period and time.
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Table 3. Risk of bone events and severe thrombocytopenia with PG.

Risk of Bone Events Risk of Severe Thrombocytopenia

Univariate Analysis Multivariable Analysis Univariate Analysis Multivariable Analysis

n Events HR 95%CI p HR 95%CI p n Events HR 95%CI P HR 95%CI p

PGS 190 76 129 073227 0381 127  070-2.30 0427 197 47 089  042-191 0769 119  055-2.59 0.658
Age at GD diagnosis 190 76 101 099-1.02 0476 101  099-1.02 0503 197 47 101 099-103 0209 101  099-1.03 0.9
Male sex 190 76 095 059-151 0818 125 076-2.06 0378 197 47 113 064200 0678 103  058-1.85 0915
fg}irv‘figrg‘y during 190 76 237 149377 <0001 263 160433 <0.001 197 47 041 018090 0026 034 015076 0.009
Treatment during 190 76 098  059-1.65 0948 114  0.65-199 0.64 197 47 033  014-082 0016 026  0.10-0.68 0.006

follow-up *5

Survival was calculated from the time of GD diagnosis to the first occurrence of bone events or severe thrombocytopenia or the last follow-up visit. GD: Gaucher disease; PG: polyclonal
gammopathy; HR: hazard ratios; 95%CI: 95% confidence interval; * Treatment included enzyme replacement therapy or substrate reduction therapy. § Time-dependent variables.

Table 4. Risk of bone events and severe thrombocytopenia with MG.

Risk of Bone Events Risk of Severe Thrombocytopenia

Univariate Analysis Multivariable Analysis Univariate Analysis Multivariable Analysis

n Events HR 95%CI P HR 95%CI P n Events HR 95%CI P HR 95%CI P

MG § 150 61 140  069-286 0353 128  0.60-275 0525 151 36 058  0.14-242 0453 055  0.12-247 0439
Age at GD diagnosis 150 61 101 1.00-103 0097 101  099-1.03 0.326 151 36 1 098-1.02 0917 101 098103 0.666
Male sex 150 61 1.04  062-173 0713 128  0.73-223 0525 151 36 096  050-1.86 0906 081  041-1.60 0.548
fs(ﬂffv‘figrg‘y during 150 61 230  137-3.87 0002 260  149-455 0001 151 36 053 022125 0148 046  0.19-1.11 0.085
Ireatment during 150 61 122 070214 0479 144  081-257 0218 151 36 06 024146 0261 056  023-138 0.207

follow-up *S

Survival was calculated from the time of GD diagnosis to the first occurrence of bone events or severe thrombocytopenia, or the last follow-up visit. GD: Gaucher disease; MG: monoclonal
gammopathy; HR: hazard ratios; 95%CI: 95% confidence interval; * Treatment included enzyme replacement therapy or substrate reduction therapy. § Time-dependent variables.



Int. ]. Mol. Sci. 2020, 21, 1247 9of 16

Among the 59 patients with MG, 10 never received GD treatment (mean [SD] age at GD diagnosis
42.1 [26.8] years); 28 received treatment before the first onset of MG (mean [SD] age at GD diagnosis
42.1 [26.8] years) and 21 after the first onset of MG (mean [SD] age at GD diagnosis 27.9 [15.3] years).
Nine patients showed MG regression, including two without or before GD treatment and seven under
GD treatment.

2.6. Malignant Hemopathies

Among the 278 included patients, malignant hemopathies occurred in six, including one with
MM and five with NHL. Their characteristics, immunoglobulin abnormalities and age at diagnosis of
the hemopathy are in Table 5. For four patients, MG was diagnosed before or concomitantly with the
malignant hemopathy, including the only patient with IgG-A MM. Five patients had died by the date
of the analysis.

Table 5. Characteristics of the six patients with malignant hemopathy.

Age at GD PG Age at PG Age at

Patient Sex Diagnosis /L) Diagnosis (i\/l Ge) é%\/el ?tel:al::)t I-I\I/Ie ﬂ:fn::: He?ngoe ztth GD Status
(Years) (Years) yP Y pathy PAY " Treatment

1 F 61 21.7 68 - - AITL 83 79 Deceased

2 F 29 25 47 - - B-NHL 57 45 Deceased

3 F 24 16.1 49 IgM A 48 MALT 47 51 Alive
lymphoma

4 F 56 21 61 IsG & 65 Lymphocytic ) Not Alive
lymphoma treated

5 M 42 - - IgGA 42 B-NHL 54 NA Deceased

6 F 62 - - IgGA 75 MM IgG A 75 75 Deceased

GD: Gaucher disease; PG: polyclonal gammopathy (immunoglobulin level); MG: monoclonal gammopathy; F:
female; M: male; AITL: angioimmunoblastic T-cell lymphoma; MALT: mucosa-associated lymphoid tissue; NHL:
non-Hodgkin lymphoma; MM: multiple myeloma; NA: not available.

3. Discussion

With an analysis of a large cohort of GD patients included in the FGDR, our study highlights
several points in understanding immunoglobulin abnormalities in GD. We found a high rate of the
immunoglobulin abnormalities MG and PG, with almost half of our patients having PG at least once
and almost one third having MG. Age at GD diagnosis was associated with increased risk of MG but
not PG, but we did not find any other risk factors for these abnormalities. Additionally, presence of
PG or MG was not associated with increased risk of BE or severe thrombocytopenia. Finally, even if
immunoglobulin levels seemed to decrease with time and regression of MG is possible, malignant
hemopathies such as MM or NHL may develop in some patients.

In our series, prevalence of PG (48%) and MG (32%) agree with those already published, from
21% to 91% and 1% to 35%, respectively, despite wide discrepancies among the reported series, mainly
because of different study populations (children and/or adults) [17]. In our series, we confirmed that
the prevalence of MG was higher than that found in the general population, ranging from 0.7 and 3.2%
among people older than 50 years [23], and not explained by a patient selection bias (male/female ratio
was balanced and the French cohort is more in line with a Caucasian population) [24]. However, the
distribution of the different types of MG is equivalent to that described for the non-GD population.

As in non-GD population, age appeared to influence prevalence of MG [13,14]. In a series of
63 patients, de Fost et al. reported significantly older age for patients with than without MG (60 vs.
51 years; p = 0.003), and like our series, no other risk factors of MG were identified [13].

In our study, we did not find an association between PG and risk of MG, which does not agree
with the mechanism proposed by Taddei et al., the suggested natural history being a temporal sequence
of PG, followed by MG and eventually MM [15]. However, restricting the population to those with
both data in our study might have decreased the power to find any association. Finally, starting ERT
or SRT did not seem associated with decreased risk of the immunoglobulin abnormalities, but our
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analyses might have lack of power due to the small number of untreated patients. However, even if
our study was not designed to study the effect of these treatments on PG or MG, our results do not
suggest their efficacy in preventing these abnormalities. This finding is corroborated by the number of
patients in whom PG and/or MG developed after ERT or SRT.

In our series, having an immunoglobulin abnormality did not seem associated with a more severe
GD phenotype, here estimated by the occurrence of BEs or severe thrombocytopenia. We chose these
two endpoints for their clinical relevance and because they reflect two different pathophysiological
mechanisms. Our findings agree with previous studies. In a series of 228 patients, Brautbar et al. showed
that the prevalence of BEs and splenectomies was not significantly increased with immunoglobulin
abnormalities compared to without [11]. In their series, de Fost et al. showed that GD severity,
estimated by the severity score index, and chitotriosidase levels, considered a reliable biomarker of
GD, did not differ between patients with and without MG [13]. However, those findings relied on
a comparison at one moment and were not assessed with Cox proportional-hazard models, taking
temporality into account. These findings suggest that having an immunoglobulin abnormality does
not seem a biomarker for assessing GD severity, and thus, the single presence of MG and/or PG should
not be an indication to start ERT or SRT. Explaining this lack of correlation with GD has been difficult.
Although glucosylsphingosine seem implicated in the pathogenesis and has been found a reliable
biomarker of GD activity, the association between the level of glucosylsphingosine and risk of PG
and/or MG is still unclear [25-27].

Immunoglobulin level seemed to decrease rapidly under ERT or SRT, although we could not
perform statistical analyses because of the small number of events. In previous published series,
results are divergent. In a series of 228 patients, Brautbar et al. observed a significant decrease
in immunoglobulin level under treatment (mainly IgG), without a decrease of the monoclonal
component [11]. However, MG regression under ERT was reported in some small series or case
reports [14,28].

In our series, MM developed in only one patient after MG, and NHL developed in five patients.
The risk of MM among GD patients varies widely but seems to be increased as compared with the
general population (relative risk from 1.3 to 51.1), as is the risk of lymphoma (relative risk 2.5) [15,17-19].
Because of the limited number of hematological malignancies, we were not able to determine whether
the risk of transformation from MGUS to MM was increased among GD patients nor assess the effect
of ERT or SRT on risk of MM or NHL developing in GD patients. In addition, in at least two patients,
the discovery of a PG at the time of diagnosis of the hemopathy suggests that the MG may be related
to clonal lymphoid proliferation rather than GD. We lack sufficient data to recommend starting ERT or
SRT in case of immunoglobulin abnormalities to prevent MM or NHL, but we recommend that these
patients be monitored carefully.

We acknowledge some limitations to our study. First, our study was based on a national registry,
supplied by data provided from different centers and clinicians. Even if many efforts are made to try to
keep the registry as exhaustive as possible, there are many missing data, especially at GD diagnosis or
for genotype. Thus, our analysis involved only 278 patients (42.3%) because of the lack of data for PG
or MG, mainly followed in a GD referral center, which might suggest a selection bias. Our selection of
patients for whom data on the presence or absence of MG was reported might have overestimated our
reported prevalence of MG in our cohort. Moreover, biological data concerning these immunoglobulin
abnormalities were not available at diagnosis for patients with a diagnosis when national guidelines
on GD management were not yet published and when the risk of MM was underrecognized. This
situation might imply bias by reducing the time of exposure to PG or MG, thus, weakening our findings.
In addition, some data were missing regarding the type and rate of the monoclonal component or new
criteria as light chain ratio, but further attempts are ongoing to complete our data. Finally, malignant
hemopathies might have been underdeclared in our registry, which could bias our findings.

However, our study has several strengths. First, we included a large number of patients, with
repeated visits during an extended follow-up of almost 20 years since GD diagnosis, followed in
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multiple centers providing real-life data. We also included patients with and without treatment.
Moreover, most studies of immunoglobulin abnormalities in GD patients provided descriptive analyses
or comparison of percentages, but to our knowledge, our study is the only one using Cox models, with
time-dependent variables, providing a more precise evaluation of the exposure duration and a better
consideration of confusion factors.

4. Materials and Methods

4.1. The French GD Registry

The FDGR was developed in 2009 by the Referral Center for Lysosomal Diseases and its Committee
of Evaluation of Gaucher Disease Treatment [29]. Its objectives are to improve overall patient clinical
care and professional practices and collect epidemiological data. The registry includes all GD patients
followed in France since 1980. Clinical information and biological and bone findings at GD diagnosis
and during follow-up are recorded, with the identification of intercurrent events, particularly bone
complications or malignancies. The registry was approved by the French Data-Protection Commission
and certified by the French Institute for Public Health Surveillance and the National Institute of
Health and Medical Research (INSERM). All patients gave oral or written informed consent for use of
their data.

4.2. Study Population

We conducted a retrospective multicentric study of data in the FGDR. For all patients, GD was
diagnosed by the demonstration of deficient glucocerebrosidase activity in leukocytes. All GD patients
with at least one determination of gammaglobulin level and/or with information on the presence
or absence of MG (at baseline or during follow-up) were included in the study. We defined four
populations: (1) the entire cohort (at least one determination of gammaglobulin level or presence or
absence of MG), (2) the subgroup with at least one determination of gammaglobulin level, (3) the
subgroup with at least one determination of the presence or absence of MG, (4) the subgroup with at
least one determination of both gammaglobulin level and presence or absence of MG (patients were
both in subgroups 2 and 3).

4.3. Baseline Characteristics and Collected Data

Baseline characteristics including age at GD diagnosis, socio-demographic characteristics, clinical
and biologic findings, phenotypes and genotypes were extracted from the standardized record forms
of the FGDR. Anemia was defined as hemoglobin level <10 g/dL, and thrombocytopenia as a platelet
count <100 G/L. Because this was a retrospective study, some data were missing, particularly at GD
diagnosis. If missing, biological data during the past or the next 2 years around the GD diagnosis
were considered similar to those at diagnosis. GD treatment included ERT (imiglucerase, alglucerase,
velaglucerase) or SRT (miglustat, eliglustat).

4.4. Outcomes

PG was defined by gammaglobulin level >15 g/L [30] and MG by the presence of paraprotein on
serum protein electrophoresis and/or a monoclonal component with immunofixation. PG and MG
data were collected at GD diagnosis, if available, and during follow-up.

To assess GD severity, two manifestations were collected: symptomatic bone events (BEs) and
severe thrombocytopenia. BEs were defined by a bone infarct, a pathological fracture and/or an
avascular osteonecrosis, with radiological confirmation. Severe thrombocytopenia was defined by
platelet count <50 G/L. We chose these two endpoints because of their clinical relevance and because
they reflect two different pathophysiological mechanisms.
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Regression of the monoclonal component was defined by complete regression of a visible
paraprotein on serum protein electrophoresis. Data on hematological malignancies (i.e., MM,
lymphoma, leukemia) during follow-up were also collected.

4.5. Statistical Analysis

Baseline characteristics are described with mean (SD) or median (interquartile range [IQR]) for
continuous variables and number (%) for categorical variables. Descriptive analysis was performed for
each of the four populations. Survival functions were estimated by the Kaplan-Meier method. Factors
associated with time-to event outcomes were evaluated with Cox proportional-hazards regression
models, estimating HRs and 95%Cis. Time at entry in the models was the date of GD diagnosis, and
exit time was the date of the event, death, or last visit, whatever occurred first.

To study risk factors of PG and MG, survival analyses were performed in populations 2 and 3,
respectively, with the first PG and MG diagnosed used as events. Patients with prevalent PG and
MG (i.e., diagnosed simultaneously with GD) were excluded from the analyses to study incident
PG and MG (i.e., occurring after GD diagnosis). Studied variables included age, sex, genotype,
phenotype, splenomegaly, hepatomegaly, anemia and thrombocytopenia at GD diagnosis. Additionally,
splenectomy and GD treatment at baseline or during follow-up were assessed as time-dependent
variables. To assess the association between PG and MG, survival analyses were performed for
population 4, with data available for both. Variables with p < 0.2 on univariate analysis and
splenectomy and GD treatment were used in the multivariable model.

Survival analyses were used to assess the association of PG and MG with GD severity, with the date
of the first BE and the first severe thrombocytopenia used as events. To study incident BE and severe
thrombocytopenia (i.e., occurring after GD diagnosis), patients with BE or severe thrombocytopenia
at GD diagnosis were excluded from these analyses. PG and MG were modeled as time-dependent
variables. Multivariable models were adjusted for variables associated with severe events at p < 0.2 on
univariate analysis and splenectomy and GD treatment, modeled as time-dependent covariables.

The evolution of gammaglobulin levels and the impact of GD treatment were assessed by
linear/logarithmic mixed models for patients who received treatment. Slopes were calculated for two
periods—before and after starting ERT or SRT—and the impact of the treatment was assessed by
using an interaction term between period (before or after GD treatment) and time. Regressions of the
monoclonal component were described, as was the occurrence of malignant hemopathies.

Two-tailed p < 0.05 was considered statistically significant. All analyses were performed with R
v3.6.2 (R Foundation for Statistical Computing, Vienna, Austria).

This study was performed in accordance with the ethical standards of the Helsinki Declaration
and was approved by the local Institutional Review Board of Assistance Publique-Hopitaux de Paris
Nord, Paris University (IRB00006466).

5. Conclusions

Immunoglobulin abnormalities are more frequent in GD but are not associated with a severe GD
phenotype. ERT or SRT should not be started based solely on the presence of these abnormalities.
These patients should be monitored with caution regarding hematological malignancies, at least by
respecting the usual guidelines for MGUS follow-up. Efforts are still needed to better understand the
pathophysiology of these abnormalities in GD patients and the influence of specific treatment.
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GD Gaucher disease

PG polyclonal gammopathy

MG monoclonal gammopathy
MGUS monoclonal gammopathy of unknown significance
MM multiple myeloma

NHL non-Hodgkin lymphoma

FGDR French Gaucher disease registry
SD standard derivation

IOR interquartile range

HR hazard ratio

CI confident interval

ERT enzyme replacement therapy
SRT substrate reduction therapy
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Figure A1. Age at polyclonal gammopathy diagnosis (1 = 112).
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References

1.

10.

11.

Stirnemann, J.; Belmatoug, N.; Camou, F; Serratrice, C.; Froissart, R.; Caillaud, C.; Levade, T.; Astudillo, L.;
Serratrice, J.; Brassier, A.; et al. A Review of Gaucher Disease Pathophysiology, Clinical Presentation and
Treatments. Int. J. Mol. Sci. 2017, 18, 441. [CrossRef] [PubMed]

Sidransky, E. Gaucher disease: Complexity in a “simple” disorder. Mol. Genet. Metab. 2004, 83, 6-15.
[CrossRef] [PubMed]

Rosenbloom, B.; Balwani, M.; Bronstein, ].M.; Kolodny, E.; Sathe, S.; Gwosdow, A.R.; Taylor, ].S.; Cole, J.A;
Zimran, A.; Weinreb, N.J. The incidence of Parkinsonism in patients with type 1 Gaucher disease: Data from
the ICGG Gaucher Registry. Blood Cells Mol. Dis. 2011, 46, 95-102. [CrossRef]

Regenboog, M.; van Dussen, L.; Verheij, J.; Weinreb, N.J.; Santosa, D.; vom Dahl, S.; Haussinger, D.;
Miiller, M.N.; Canbay, A.; Rigoldi, M.; et al. Hepatocellular carcinoma in Gaucher disease: An international
case series. J. Inherit. Metab. Dis. 2018, 14, 1-9. [CrossRef]

Dispenzieri, A.; Gertz, M.A.; Therneau, T.M.; Kyle, R.A. Retrospective cohort study of 148 patients with
polyclonal gammopathy. Mayo Clin. Proc. 2001, 76, 476-487. [CrossRef] [PubMed]

Kyle, R.A,; Larson, D.R.; Therneau, T.M.; Dispenzieri, A.; Kumar, S.; Cerhan, ].R.; Rajkumar, S5.V. Long-Term
Follow-up of Monoclonal Gammopathy of Undetermined Significance. N. Engl. |. Med. 2018, 378, 241-249.
[CrossRef] [PubMed]

Pratt, PW.; Estren, S.; Kochwa, S. Immunoglobulin Abnormalities in Gaucher’s Disease Report of 16 Cases.
Blood 1968, 31, 633—-640. [CrossRef]

Shoenfeld, Y.; Gallant, L.A.; Shaklai, M.; Livni, E.; Djaldetti, M.; Pinkhas, J. Gaucher’s disease: A disease
with chronic stimulation of the immune system. Arch. Pathol. Lab. Med. 1982, 106, 388-391.

Marti, G.E.; Ryan, E.T.; Papadopoulos, N.M.; Filling-Katz, M.; Barton, N.; Fleischer, T.A.; Rick, M.;
Gralnick, H.R. Polyclonal B-cell lymphocytosis and hypergammaglobulinemia in patients with Gaucher
disease. Am. J. Hematol. 1988, 29, 189-194. [CrossRef]

Allen, M.J.; Myer, B.J.; Khokher, A.M.; Rushton, N.; Cox, T.M. Pro-inflammatory cytokines and the
pathogenesis of Gaucher’s disease: Increased release of interleukin-6 and interleukin-10. QJM Int. ]. Med.
1997, 90, 19-25. [CrossRef]

Brautbar, A.; Elstein, D.; Pines, G.; Abrahamov, A.; Zimran, A. Effect of enzyme replacement therapy on
gammopathies in Gaucher disease. Blood Cells Mol. Dis. 2004, 32, 214-217. [CrossRef] [PubMed]


http://dx.doi.org/10.3390/ijms18020441
http://www.ncbi.nlm.nih.gov/pubmed/28218669
http://dx.doi.org/10.1016/j.ymgme.2004.08.015
http://www.ncbi.nlm.nih.gov/pubmed/15464415
http://dx.doi.org/10.1016/j.bcmd.2010.10.006
http://dx.doi.org/10.1007/s10545-018-0142-y
http://dx.doi.org/10.4065/76.5.476
http://www.ncbi.nlm.nih.gov/pubmed/11357794
http://dx.doi.org/10.1056/NEJMoa1709974
http://www.ncbi.nlm.nih.gov/pubmed/29342381
http://dx.doi.org/10.1182/blood.V31.5.633.633
http://dx.doi.org/10.1002/ajh.2830290403
http://dx.doi.org/10.1093/qjmed/90.1.19
http://dx.doi.org/10.1016/j.bcmd.2003.10.007
http://www.ncbi.nlm.nih.gov/pubmed/14757437

Int. J. Mol. Sci. 2020, 21, 1247 150f 16

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Wine, E.; Yaniv, I.; Cohen, L]. Hyperimmunoglobulinemia in pediatric-onset type 1 Gaucher disease and
effects of enzyme replacement therapy. J. Pediatr. Hematol. Oncol. 2007, 29, 451-457. [CrossRef] [PubMed]
De Fost, M.; Out, T.A.; de Wilde, F. A ; Tjin, E.PM.; Pals, S.T.; van Oers, M.H.].; Boot, R.G.; Aerts, ] EM.G.;
Maas, M.; vom Dahl, S.; et al. Immunoglobulin and free light chain abnormalities in Gaucher disease type
I: data from an adult cohort of 63 patients and review of the literature. Ann. Hematol. 2008, 87, 439-449.
[CrossRef]

Grosbois, B.; Rose, C.; Noél, E.; de Serratrice, C.R.; Dobbelaere, D.; Gressin, V.; Chérin, P.; Hartmann, A.;
Javier, RM.; Clerson, P; et al. Gaucher disease and monoclonal gammopathy: A report of 17 cases and
impact of therapy. Blood Cells Mol. Dis. 2009, 43, 138-139. [CrossRef]

Taddei, T.H.; Kacena, K.A.; Yang, M.; Yang, R.; Malhotra, A.; Boxer, M.; Aleck, K.A.; Rennert, G.; Pastores, G.M.;
Mistry, PXK. The underrecognized progressive nature of N370S Gaucher disease and assessment of cancer
risk in 403 patients. Am. ]. Hematol. 2009, 84, 208-214. [CrossRef]

Jurecka, A.; Gregorek, H.; Kleinotiene, G.; Czartoryska, B.; Tylki-Szymanska, A. Gaucher disease and
dysgammaglobulinemia: A report of 61 patients, including 18 with GD type III. Blood Cells Mol. Dis. 2011,
46, 85-87. [CrossRef]

Arends, M.; van Dussen, L.; Biegstraaten, M.; Hollak, C.E.M. Malignancies and monoclonal gammopathy in
Gaucher disease; A systematic review of the literature. Br. ]. Haematol. 2013, 161, 832-842. [CrossRef]

De Fost, M.; vom Dahl, S.; Weverling, G.J.; Brill, N.; Brett, S.; Haussinger, D.; Hollak, C.E.M. Increased
incidence of cancer in adult Gaucher disease in Western Europe. Blood Cells Mol. Dis. 2006, 36, 53-58.
[CrossRef]

Landgren, O.; Turesson, 1.; Gridley, G.; Caporaso, N.E. Risk of Malignant Disease Among 1525 Adult Male
US Veterans With Gaucher Disease. Arch. Intern. Med. 2007, 167, 1189-1194. [CrossRef]

Nair, S.; Boddupalli, C.S.; Verma, R; Liu, J.; Yang, R.; Pastores, G.M.; Mistry, PK.; Dhodapkar, M.V. Type I
NKT-TFH cells against Gaucher lipids regulate B-cell immunity and inflammation. Blood 2015, 125, 1256-1271.
[CrossRef]

Nair, S.; Branagan, A.R.; Liu, J.; Boddupalli, C.S.; Mistry, PK.; Dhodapkar, M.V. Clonal Immunoglobulin
against Lysolipids in the Origin of Myeloma. N. Engl. ]. Med. 2016, 374, 555-561. [CrossRef]

Preuss, K.-D.; Hollak, C.E.M.; Fadle, N.; van Oers, M.; Regitz, E.; Pfreundschuh, M. Saposin C is a frequent
target of paraproteins in Gaucher disease-associated MGUS/multiple myeloma. Br. ]. Haematol. 2019, 184,
384-391. [CrossRef] [PubMed]

Kyle, R.A.; Therneau, T.M.; Rajkumar, S.V,; Larson, D.R.; Plevak, M.E; Offord, J.R.; Dispenzieri, A.;
Katzmann, J.A.; Melton, L.]J. Prevalence of monoclonal gammopathy of undetermined significance. N. Engl.
J. Med. 2006, 354, 1362-1369. [CrossRef] [PubMed]

Landgren, O.; Graubard, B.I.; Kumar, S.; Kyle, R.A.; Katzmann, ].A.; Murata, K.; Costello, R.; Dispenzieri, A.;
Caporaso, N.; Mailankody, S.; et al. Prevalence of myeloma precursor state monoclonal gammopathy of
undetermined significance in 12372 individuals 10-49 years old: A population-based study from the National
Health and Nutrition Examination Survey. Blood Cancer J. 2017, 7, e618. [CrossRef] [PubMed]

Cox, T.M.; Rosenbloom, B.E.; Barker, R.A. Gaucher disease and comorbidities: B-cell malignancy and
parkinsonism. Am. J. Hematol. 2015, 90, 525-528. [CrossRef] [PubMed]

Murugesan, V.; Chuang, W.-L; Liu, J.; Lischuk, A.; Kacena, K; Lin, H.; Pastores, G.M.; Yang, R.; Keutzer, J.;
Zhang, K.; et al. Glucosylsphingosine is a key biomarker of Gaucher disease. Am. ]|. Hematol. 2016, 91,
1082-1089. [CrossRef]

Arkadir, D.; Dinur, T.; Revel-Vilk, S.; Cohen, M.B.; Cozma, C.; Hovakimyan, M.; Eichler, S.; Rolfs, A;
Zimran, A. Glucosylsphingosine is a reliable response biomarker in Gaucher disease. Am. J. Hematol. 2018,
93, E140-E142. [CrossRef]

Martinez-Redondo, C.; Ortuiio, FJ.; Lozano, M.L.; Jerez, A.; del Mar Osma, M.; Giraldo, P; Vicente, V. IgM
monoclonal component associated with type I Gaucher disease resolved after enzyme replacement therapy:
A case report. |. Inherit. Metab. Dis. 2009, 32 (Suppl. 1), S265-5267. [CrossRef]


http://dx.doi.org/10.1097/MPH.0b013e31806451d3
http://www.ncbi.nlm.nih.gov/pubmed/17609622
http://dx.doi.org/10.1007/s00277-008-0441-8
http://dx.doi.org/10.1016/j.bcmd.2009.04.002
http://dx.doi.org/10.1002/ajh.21362
http://dx.doi.org/10.1016/j.bcmd.2010.07.015
http://dx.doi.org/10.1111/bjh.12335
http://dx.doi.org/10.1016/j.bcmd.2005.08.004
http://dx.doi.org/10.1001/archinte.167.11.1189
http://dx.doi.org/10.1182/blood-2014-09-600270
http://dx.doi.org/10.1056/NEJMoa1508808
http://dx.doi.org/10.1111/bjh.15659
http://www.ncbi.nlm.nih.gov/pubmed/30450574
http://dx.doi.org/10.1056/NEJMoa054494
http://www.ncbi.nlm.nih.gov/pubmed/16571879
http://dx.doi.org/10.1038/bcj.2017.97
http://www.ncbi.nlm.nih.gov/pubmed/29053158
http://dx.doi.org/10.1002/ajh.24057
http://www.ncbi.nlm.nih.gov/pubmed/26096744
http://dx.doi.org/10.1002/ajh.24491
http://dx.doi.org/10.1002/ajh.25074
http://dx.doi.org/10.1007/s10545-009-1207-8

Int. ]. Mol. Sci. 2020, 21, 1247 16 of 16

29. Stirnemann, J.; Vigan, M.; Hamroun, D.; Heraoui, D.; Rossi-Semerano, L.; Berger, M.G.; Rose, C.; Camou, E;
de Roux-Serratrice, C.; Grosbois, B.; et al. The French Gaucher’s disease registry: Clinical characteristics,
complications and treatment of 562 patients. Orphanet ]. Rare Dis. 2012, 7, 77. [CrossRef]

30. Szymanowicz, A.; Cartier, B.; Couaillac, J.-P.; Gibaud, C.; Poulin, G.; Riviere, H.; Le Carrer, D,;
Groupe de Travail du College National de Biochimie des Hopitaux. A proposal of ready-made interpretative
comments applicable to serum protein electrophoresis. Ann. Biol. Clin. (Paris) 2006, 64, 367-380.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1186/1750-1172-7-77
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Study Population 
	Prevalence of PG and MG 
	Risk Factors of PG and MG 
	Associations with Bone Events and Severe Thrombocytopenia 
	Evolution of PG and MG 
	Malignant Hemopathies 

	Discussion 
	Materials and Methods 
	The French GD Registry 
	Study Population 
	Baseline Characteristics and Collected Data 
	Outcomes 
	Statistical Analysis 

	Conclusions 
	
	References

