This is the peer reviewd version of the followng article:

Liver involvement in Gaucher disease: A practical review for the hepatologist and the gastroenterologist /
Carubbi, F.; Cappellini, M. D.; Fargion, S.; Fracanzani, A. L.; Nascimbeni, F.. - In: DIGESTIVE AND LIVER
DISEASE. - ISSN 1590-8658. - 52:4(2020), pp. 368-373. [10.1016/j.d1d.2020.01.004]

Terms of use:

The terms and conditions for the reuse of this version of the manuscript are specified in the publishing
policy. For all terms of use and more information see the publisher's website.

26/01/2025 07:44

(Article begins on next page)




G Model
YDLD-4259; No.of Pages6

Digestive and Liver Disease xxx (2020) XXX—XXX

Contents lists available at ScienceDirect Digestive
andLiver
Disease

Digestive and Liver Disease

&

journal homepage: www.elsevier.com/locate/dld

Review Article

Liver involvement in Gaucher disease: A practical review for the
hepatologist and the gastroenterologist

Francesca Carubbi®*, Maria Domenica Cappellini®¢, Silvia Fargion¢,
Anna Ludovica Fracanzani ‘¢, Fabio Nascimbeni?

3 Regional Referral Centre for Lysosomal Storage Diseases, Division of Internal Medicine and Metabolism, Civil Hospital, AOU of Modena, University of
Modena and Reggio Emilia, Modena, Italy

b Rare Diseases Center, Department of Medicine, “Ca’ Granda” Foundation IRCCS, Policlinico Hospital, Milan, Italy

¢ Department of Clinical Sciences and Community Health, University of Milan, Milan, Italy

d “Ca’ Granda” Foundation IRCCS, Policlinico Hospital, University of Milan, Milan, Italy

¢ Department of Pathophysiology and Transplantation, Unit of Medicine and Metabolic Disorders, Milan, Italy

ARTICLE INFO ABSTRACT

Article history:

Received 27 October 2019
Accepted 12 January 2020
Available online xxx

Gaucher disease (GD), a rare lysosomal storage disorder caused by deficient glucocerebrosidase activity
and consequent accumulation of glycosphingolipids in the mononuclear phagocyte system, may progress
to disabling and potentially life-threatening complications when left undiagnosed and untreated. Unfor-
tunately, because of non-specific signs and symptoms and lack of awareness, patients with type 1 GD,
the most common non-neuropathic variant, frequently experience diagnostic delays. Since splenomegaly
and thrombocytopenia are the dominant clinical features in many GD patients leading to first medical
contact, the hepatologist and the gastroenterologist need to be aware of this condition. Liver involve-
ment has been reported in the majority of GD patients, and comprises hepatomegaly, with or without
liver enzymes alteration, fibrosis/cirrhosis, portal hypertension, focal liver lesions, and cholelithiasis.
Moreover, GD is associated with several biochemical alterations of potential interest for the hepatolo-
gist and the gastroenterologist, including hypergammaglobulinemia, hyperferritinemia and metabolic
abnormalities, that may lead to misdiagnoses with chronic liver diseases of common etiology, such as
primary hemochromatosis, autoimmune liver diseases or nonalcoholic fatty liver disease. This compre-
hensive review, based on the collaborative experience of physicians managing patients with GD, provides
practical information on the clinical, histological and radiological hepatic manifestations of GD aiming at
facilitating the diagnosis of GD for the hepatologist and the gastroenterologist.

© 2020 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Gaucher disease (GD) is a rare autosomal recessive disease
with an estimated incidence of 1:22.000 newborns due to defi-
cient lysosomal glucocerebrosidase (GBA) enzyme activity leading
to glycosphingolipid storage in cells of the mononuclear phago-
cyte system [1]. It is a chronic progressive multisystem disorder,
whose clinical spectrum encompasses hepato-splenomegaly, bone
marrow infiltration with thrombocytopenia and anemia, bleed-
ing diathesis, bone disease ranging from osteopenia/osteoporosis
to bone pain/bone crisis, lytic lesions/fractures, osteonecrosis
and skeletal deformities, and variable central nervous system
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involvement [2-5]. GD is conventionally categorized in three main
phenotypes on the ground of neurologic involvement: type 1 GD,
the most common, frequently adult-onset, non-neuropathic vari-
ant; type 2 GD, the lethal infantile, acute neuropathic form; and
type 3 GD, the severe chronic neuro-visceral form [2,4]. How-
ever, this classification is somewhat artificial, since GD actually
manifests as a clinical continuum; indeed, it is now clear that
also type 1 GD may be associated with neurologic manifesta-
tions, in particular movement disorders and Parkinson disease
[4,6]. Few genotype-phenotype correlations have been identi-
fied. The most recognized correlation concerns patients who carry
the common N370S mutation on at least one allele of the GBA
gene. N370S mutation is encountered only in subjects with type
1 GD and is protective for the development of the neurological
involvement characteristic of type 2 and type 3 GD. Subjects who
are homozygous for the N370S mutation can also remain poorly
symptomatic until adulthood and can escape medical attention
[7]. Other clinical features of GD are: immunological alterations,
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including polyclonal and monoclonal gammopathy, high preva-
lence of autoantibodies and increased risk of malignancies, notably
including multiple myeloma and hepatocellular carcinoma (HCC)
[8-10]. Metabolic abnormalities, due to chronic inflammation and
characterized by hypercatabolic state with growth retardation,
chronic fatigue and reduced body mass, dyslipidemia with low
high-density lipoprotein (HDL) cholesterol and hyperferritinemia
without significant iron overload could also be present [11,12].
Finally, cardio-pulmonary involvement, with interstitial lung dis-
ease, pulmonary hypertension and valvulopathies, has also been
described in most severe cases [13,14].

Since hepato-splenomegaly and thrombocytopenia are the
dominant clinical features in many GD patients leading to first
medical contact, the hepatologist and the gastroenterologist need
to be aware of this condition in their routine practice. Moreover,
misdiagnoses with other chronic liver diseases, such as primary
hemochromatosis, autoimmune liver diseases or nonalcoholic fatty
liver disease (NAFLD), may be possible due to the abovementioned
association of GD with hyperferritinemia, hypergammaglobuline-
mia and metabolic abnormalities [15,16].

Surveys of patients and medical specialists have clearly shown
that, because of non-specific symptoms and lack of awareness,
prolonged diagnostic delays are very common in GD and may
result in severe disease complications, disabilities and potentially
life-threatening manifestations [5,17,18]. Physician education may
increase the likelihood of prompt detection of GD and allow its
correct management with specific treatment, such as enzyme
replacement therapy (ERT) or substrate reduction therapy (SRT),
that are effective in preventing or reversing GD-related com-
plications. Three recombinant glucocerebrosidase preparations,
imiglucerase, velaglucerase alfa and taliglucerase alfa, are currently
available. These ERT, which are administered i.v. once every two
weeks, have been shown to improve hematological, visceral and
skeletal manifestations of GD, and the quality of life of affected
patients. The SRT eliglustat, based on the inhibition of glucosylce-
ramide synthase, is now an alternative oral first-line therapeutic
option, whose efficacy is comparable to that of ERT [19,20]. Screen-
ing strategies for GD by using simple diagnostic algorithms in
selected high-risk populations, such as pediatric or adult subjects
with splenomegaly and/or thrombocytopenia, have proven feasible
and effective in helping pediatricians and hematologists in pro-
moting a timely diagnosis [21,22]. Of note, due to the high GD
prevalence among Ashkenazi Jews, Mistry et al. have even proposed
to screen for GD as a first-line investigation in Ashkenazi patients
presenting with splenomegaly [2].

This comprehensive review, based on the collaborative expe-
rience of physicians managing patients with GD and chronic liver
diseases of various etiology, provides practical information on the
clinical, histological and radiological hepatic manifestations of GD
aiming at facilitating the diagnosis of GD for the hepatologist and
the gastroenterologist.

2. Hepatic manifestations of Gaucher disease

A certain degree of liver involvement with a wide variabil-
ity in clinical presentation has been reported in the majority of
GD patients [23]. Hepatic manifestations of GD comprise hep-
atomegaly, with or without liver enzymes alteration, fibrosis,
cirrhosis and portal hypertension, HCC and non-HCC focal liver
lesions and cholelithiasis. Moreover, GD is associated with sev-
eral biochemical abnormalities that may be of potential interest for
the hepatologists/gastroenterologists, such as hypergammaglob-
ulinemia and hyperferritinemia. Finally, concurrent chronic liver
diseases, such as liver steatosis, chronic viral hepatitis and vascular
liver diseases may be frequently found in GD patients, making the
diagnosis of GD more difficult.

2.1. Hepatomegaly and liver enzymes abnormalities

Liver volume, measured by imaging techniques, is convention-
ally reported in multiples of normal size predicted for body weight,
which is 2.5% of total body weight in kilograms [24]. Moderate hep-
atomegaly is defined as a liver volume >1.25 and <2.5 multiples of
normal and severe hepatomegaly as a liver volume >2.5 multiples
of normal [25]. Some degree of liver enlargement is found in nearly
all GD patients as a consequence of intra-hepatic accumulation
of Gaucher cells and secondary inflammatory response. However,
since liver enlargement is usually less severe than spleen enlarge-
ment, if hepatomegaly outweighs splenomegaly, then a careful
evaluation for other causes of liver disease is necessary. Data from
the International Collaborative Gaucher Group Registry show that
moderate or severe hepatomegaly is present in at least 80% of
patients with type 1 GD at the time of first infusion of ERT; of note,
in non-splenectomized subjects mean liver volume is 1.8 multiples
of normal whereas mean spleen volume is 19.4 multiples of normal
[25]. Liver volume is higher in patients with more severe GD and
in splenectomized patients. Therapy for GD, both ERT and SRT, is
effective in reducing or normalizing liver volume; however, hep-
atomegaly may persist despite treatment when severe and nodular
hepatomegaly, significant liver fibrosis or splenectomy are present
[19,20,25,26].

Liver enzymes, particularly aminotransferases and alkaline
phosphatase, may be elevated in GD patients. However, the
increase in liver enzymes is usually mild or moderate, and does
not correlate with hepatomegaly or severity of liver involvement
[27].

2.2. Liver histology in Gaucher disease

Only few studies have provided detailed histologic descriptions
of liver abnormalities in GD. James et al., who described the liver
histopathological findings of 22 untreated GD patients, showed a
wide range of pathologic changes spanning from the presence of
scattered foci of storage cells with little structural abnormalities
of the liver to cirrhosis with extensive replacement of the liver
by storage cells [28]. Storage cells, defined as Gaucher cells, are
sphingolipid-laden macrophages displaying small round vesicular
nuclei and abundant lightly eosinophilic cytoplasm with a wrinkled
or striated appearance, and may virtually be found in every liver
biopsy of GD patients. In the majority of GD patients, Gaucher cells
have a zonal distribution, with central zones (zone 3) showing the
highest abundance, portal and periportal regions (zone 1) showing
mild to moderate presence, and midzones presenting only occa-
sional scattered foci of storage cells [28]. Gaucher cells often present
a slight accumulation of iron. Hepatocytes, which do not accumu-
late the storage material, may present degenerative changes and
atrophy when are adjacent to or within large collections of Gaucher
cells. Inflammatory changes are mild to moderate and are closely
associated with Gaucher cells. At least pericellular liver fibrosis is
present in nearly all GD patients, and a significant proportion may
develop severe fibrosis with thick fibrous septa, predominantly
originating from the central zones where the storage of Gaucher
cells is more represented, or cirrhosis [28]. The severity of histo-
logic liver involvement is associated with the presence of severe
extra-hepatic complications of GD and splenectomy [28].

2.3. Liver fibrosis and cirrhosis

Liver fibrosis is a serious complication of GD, since its severity
is the main driver for the development of long-term liver-related
events, such as cirrhosis, portal hypertension and HCC [10,29].
Although cirrhosis has been only anecdotally reported, significant
liver fibrosis is largely underestimated and seems to be common
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in GD patients. In past years, the systematic evaluation of liver
fibrosis by liver biopsy in GD patients has been hampered by the
fear of an increased bleeding tendency. With the advent of imaging
techniques, such as ultrasound (US)-based elastography or mag-
netic resonance (MR) elastography, which allow a non-invasive and
accurate evaluation of liver fibrosis, recent studies were able to
provide some estimate of the prevalence of clinically relevant liver
fibrosis in GD, ranging from 20% to 50% [29-31]. These studies found
that splenectomy, the severity of extrahepatic manifestations of
GD, and non-N370S GBA genotypes (i.e. genotypes commonly asso-
ciated with more severe disease), were all associated with the
presence and severity of liver fibrosis [29-31]. The severe extreme
of the spectrum of GD-related liver involvement has been described
by Lachmann et al. in their case series of 4 splenectomized patients
with severe multi-organ involvement [32]. All these patients had
portal hypertension, decompensated liver failure and severe hep-
atic parenchymal disease histologically and radiologically charac-
terized by massive confluent fibrosis with focal calcifications occu-
pying the central region of the liver [32]. The mechanism of liver
fibrosis in GD may be multifactorial. In the early steps of fibrosis
development, the accumulation of Gaucher cells in the liver, which
is more marked in severe GD and may be worsened by splenectomy,
may act through local release of cytotoxic, proinflammatory and
fibrogenic factors. Subsequently, once dense fibrous bands have
developed, episodes of ischemia and infarction may play a part
in the pathophysiology of liver fibrosis progression, as substanti-
ated by the finding of calcifications within areas of massive fibrosis
[28,32]. Of note, one study found that the length of ERT is inversely
correlated with liver fibrosis [29], and another study showed that,
even when fibrosis is advanced, the institution of ERT can reduce
the numbers of Gaucher cells infiltrating the liver parenchyma,
ameliorate the severity of portal hypertension and prevent variceal
bleeding and hepatic decompensation [32], suggesting a beneficial
effect of ERT on progression of GD-related liver disease.

2.4. Portal hypertension

Portal hypertension may be a rare complication of severe cases
of GD and may become clinically significant with development
of esophageal varices and occurrence of life-threatening bleeding
[32]. Of note, gastrointestinal bleeding and liver failure were among
the leading causes of premature death of GD patients in the pre-
ERT era, but nowadays are increasingly rare with earlier diagnosis
and timely institution of appropriate GD treatment [33,34]. Por-
tal hypertension in GD is not just secondary to the presence of
liver cirrhosis, since the overflow in the portal system secondary
to splenomegaly or the massive infiltration of Gaucher cells in liver
parenchyma especially in splenectomized patients have also been
reported as potential underlying mechanisms [23]. Even if splenec-
tomy was performed in the past as a therapeutic option for massive
splenomegaly with life-threatening pre-hepatic portal hyperten-
sion, now this procedure should be discouraged since it may lead
to worsening of liver and bone disease and systemic GD compli-
cations. Here it is worth acknowledging that splenomegaly and
cytopenia in GD are not necessarily associated with chronic liver
disease and portal hypertension, rather they are the consequence
of the accumulation of Gaucher cells and chronic inflammatory
infiltrates in the spleen and bone marrow. As such, splenomegaly
and thrombocytopenia are almost invariably present in GD patients
independently of the presence of liver disease and portal hyperten-
sion.

2.5. HCC and non-HCC focal liver lesions

Focal splenic and hepatic lesions are common in GD patients
and are closely associated with GD severity. The reported preva-

lence of splenic lesions in several GD cohorts ranges from 18% to
33%; the vast majority of focal splenic abnormalities is represented
by Gaucheromas, benign clusters of Gaucher cells associated with
areas of fibrosis and iron accumulation [35,36]. The prevalence of
hepatic lesions is reported to be slightly lower ranging from 6%
to 25%; the differential diagnosis of focal liver abnormalities is
much more complex. Indeed, although focal liver lesions are mostly
Gaucheromas, they may represent a diagnostic challenge due to
the variable radiological features, which can mimic malignant liver
lesions, in particular HCC [35,37]. Of note, GD is associated with
an increased risk of malignancies, including HCC, as a consequence
of immune dysregulation and chronic macrophage activation with
increased release of cytokines and cellular dysfunction due to accu-
mulation of glycosphingolipids [38,39]. It has been shown that GD
patients with previous splenectomy, advanced fibrosis/cirrhosis,
iron overload and concurrent causes of chronic liver disease (i.e.
alcohol, viral hepatitis) are those at the highest risk of HCC occur-
rence and those who may benefit more from surveillance strategies
[10,37].

2.6. Cholelithiasis

Patients with GD have been found to have a 5-fold excess risk of
gallstones as compared to the general population [40]; the preva-
lence of cholelithiasis in several GD cohorts ranges from 25% to 46%
and is associated with age, female sex, previous splenectomy and
GD severity [40-43]. Of note, bile lipid analyses in GD patients with
cholelithiasis has revealed that gallstones are composed predom-
inantly of cholesterol, whereas pigment stones are an exception,;
moreover, bile lipid composition in GD patients is abnormal and
contains glucosylceramide [40].

2.7. Other GD-related alterations of potential interest for the
hepatologists/gastroenterologists

2.7.1. Hypergammaglobulinemia and autoantibodies

The presence of polyclonal gammopathy and autoantibodies is
quite common in GD patients, independently of GD severity and
splenectomy. The reported prevalence of hypergammaglobuline-
mia ranges from 14% to 64% [44,45]; similarly, the prevalence of
autoantibodies has been reported as much as 60% [46,47]. Impor-
tantly, the presence of autoantibodies is not associated with an
increased prevalence of clinically manifested autoimmune diseases
[47].

2.7.2. Hyperferritinemia

Hyperferritinemia is very common in GD patients, affecting up
to 87% of untreated subjects. Ferritin levels are correlated with
GD severity and splenectomy and significantly decrease during
GD treatment [48-50]. Hyperferritinemia is not associated with
systemic iron overload in GD, unless genetic (HFE mutations)
or acquired/environmental (splenectomy, alcohol, metabolic syn-
drome, chronic viral hepatitis, malignancies) concurrent causes
of iron storage are present [30,48]. The mechanisms underlying
hyperferritinemia, which are not yet completely defined, include
chronic low-grade inflammation, impaired macrophages functions
and local dysregulation in hepcidin-ferroportin axis [51].

2.7.3. Concurrent liver diseases

The presence of concurrent liver diseases in GD patients is com-
mon. Chronic viral hepatitis and vascular liver diseases are frequent
due to splenectomy, often required in the past for the manage-
ment of severe splenomegaly, other surgical procedures, including
gallbladder removal, and blood transfusions for cytopenia [23,29].
Historically, transfusional iron overload has been an important

Please cite this article in press as: Carubbi F, et al. Liver involvement in Gaucher disease: A practical review for the hepatologist and the
gastroenterologist. Dig Liver Dis (2020), https://doi.org/10.1016/j.d1d.2020.01.004



https://doi.org/10.1016/j.dld.2020.01.004

G Model
YDLD-4259; No.of Pages6

4 F. Carubbi et al. / Digestive and Liver Disease xxx (2020) XXx-XXX

cofactor for liver disease progression in GD patients. Liver steato-
sis is also a prevalent finding in GD patients due to metabolic
abnormalities, such as insulin resistance and increased adiposity,
associated with GD itself and unhealthy lifestyle habits [11,23].
Moreover, long-term treatment with ERT has been associated with
a significant weight gain [11,52].

3. Imaging characteristics of liver involvement in Gaucher
disease

As detailed above, liver involvement in GD exhibits a wide
clinical spectrum with variable severity and an unpredictable nat-
ural course. Furthermore, apart from the primary involvement of
the liver due to GD, patients may also suffer from other comor-
bidities involving the liver, thus making the diagnosis and/or the
assessment more difficult. Differently from the past, in which US,
computed tomography (CT) and/or MR imaging techniques were
mainly used to evaluate the increase in organ volume [24], currently
the indications to perform imaging techniques in the assessment
of liver involvement in GD are: 1) the identification of early tissue
damage and the evaluation of liver disease severity; 2) the differen-
tiation of Gaucheromas from other benign or malignant focal liver
lesions; 3) monitoring the response to ERT or SRT.

3.1. Identification of early tissue damage and evaluation of the
severity of liver disease

US-based methods are the cheapest and most widely avail-
able imaging techniques proposed to non-invasively evaluate the
degree of tissue damage in GD. US can recognize diffuse irreg-
ular liver texture, expression of chronic liver damage, as well
as hepatic steatosis. The latter can be frequently detected in GD
patients on long-term ERT and with concurrent metabolic syn-
drome and is probably related to the concomitant presence of
NAFLD, rather than being the consequence of glycosphingolipid
storage in macrophages[11,29,52]. Doppler US may help in evaluat-
ing the severity of liver disease and portal hypertension. Promising
results are provided by US-based elastography techniques, tran-
sient elastography with Fibroscan® being the most popular one.
Several studies have demonstrated the feasibility of Fibroscan® for
the evaluation of liver stiffness in GD patients and have suggested
that significant fibrosis is an overlooked complication of GD and
is strongly associated with GD severity [29-31]. Of note, an inter-
esting study showed that combined liver and spleen elastography,
using either Fibroscan® or 2-dimensional share wave elastography,
is a useful tool for differentiating GD patients from cirrhotic patients
of different etiology among subjects with splenomegaly [31].

MR imaging techniques outweigh the performance of US meth-
ods in identifying early tissue damage and evaluating the severity
of liver disease. Diffusion-weighted and chemical shift MR imaging
have been proposed for the detection and quantification of hepatic
and splenic infiltration in GD and have been associated with GD
severity [53,54]. Some MR imaging protocols, such as T2* and relax-
ation rate R2* measurements, or the Gandon methods, are able to
provide reliable estimates of liver iron concentrations. Bohte et al.
found an association between liver iron concentration measured
through MR and splenectomy in GD patients [30]. The use of whole-
body MR R2* measurements has also been proposed in GD patients;
a study showed that the presence of increased R2* values in liver,
bone marrow and splenic Gaucheromas was quite common in GD,
was associated with ferritin levels and presumably indicated ele-
vated tissue iron concentrations [55]. Liver stiffness measurement
by MR elastography is considered a reliable non-invasive tool to
quantify liver fibrosis in patients with chronic viral hepatitis or
NAFLD [56-58]; however, the use of these MR techniques in clin-

ical practice is still limited and data on GD patients are scanty. In
a small cohort of adult patients with GD, liver stiffness values, as
measured by both Fibroscan® and MR elastography, were associ-
ated with GD severity and splenectomy [30]. A larger recent study
confirmed that MR elastography may be a useful tool for monitoring
disease severity and progression by showing a positive correlation
with GD severity scoring system GD-DS3 [59].

3.2. Differentiation of Gaucheromas from other benign or
malignant focal liver lesions

The prevalence of focal liver lesions has been reported to range
from 6% to 25% [35,60], and is more frequent in patients with more
severe GD [35]. Further to the classic benign (hemangiomas, cysts,
focal nodular hyperplasia) and malignant focal liver lesions (HCC),
single or multiple nodules in GD patients may be the expression
of clusters of Gaucher cells conglomerated in the liver (Gauchero-
mas). Regenboog et al. [35] reported the imaging characteristics of
all focal lesions in liver and spleen in the Dutch GD cohort. Of 95
type 1 GD patients, 40% had focal splenic and/or hepatic lesions
(24% had splenic lesions, 25% had liver lesions and 9% patients had
both). Liver lesions identified as Gaucheromas had variable imag-
ing characteristics: hyper- or hypoechoic with calcifications on US,
hyper- to hypo-intense on MR, and hypodense on CT usually with-
out contrast enhancement [35]. These non-specific radiological
features make difficult to distinguish Gaucheromas from heman-
giomas, focal nodular hyperplasia or HCC by conventional US, CT
or MR. Dynamic contrast-enhanced studies and, in case of incon-
clusive results, percutaneous imaging-guided biopsy, are necessary
to further characterize indeterminate focal liver lesions. Given the
reported increased risk of HCC developmentin GD [10], US is widely
recommended for regular routine follow-up in high-risk patients
(i.e. those with liver cirrhosis, concurrent chronic liver diseases,
and/or splenectomy).

3.3. Monitoring the response to enzyme replacement therapy or
substrate reduction therapy

ERT and SRT are very effective in reducing hepatic and splenic
volumes within 1-2 years [20,25]. Imaging techniques that eval-
uate liver and spleen volumes are used for monitoring disease
activity and facilitating treatment decision-making. Although US is
not very accurate in evaluating organ volumes, a good correlation
between liver volume and hepatic longitudinal diameter evaluated
by US has been found in patients with GD, making this method
useful for routine monitoring when MR imaging techniques are
not available [23,61]. CT is not suitable for regular follow-up of
GD patients since it is associated with exposure to ionizing radi-
ation. Despite its high costs, MR is considered the gold standard
technique in assessing therapeutic efficacy since it allows to have,
at the same time, information on the reduction of organ volumes
and on the evolution of bone disease by evaluating the severity of
bone marrow infiltration and/or the presence of bone lesions or
osteonecrosis [62].

4. Diagnostic hints of GD for the hepatologist and the
gastroenterologist

Subjects with hepatomegaly or splenomegaly often consult the
hepatologist and/or the gastroenterologist for the suspicion of
chronic liver disease. Splenomegaly with or without hepatomegaly
is the most common feature of GD; however, this lysosomal disor-
der is rarely considered as a differential diagnosis in patients with
unexplained splenomegaly. To facilitate the potential diagnosis of
GD in adult patients presenting to the hepatologist and the gas-
troenterologist with splenomegaly (or previous splenectomy), here
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Table 1
Diagnostic hints of Gaucher disease for the hepatologist and the gastroenterologist.

Unexplained splenomegaly (or previous splenectomy) plus one or more of
these factors may increase clinical suspicion for Gaucher disease:

Thrombocytopenia

Anemia

Bleeding diathesis

History of growth retardation/chronic fatigue
Hepatomegaly

Spleen nodules/lesions

Gallstones

Low HDL cholesterol

Increased ferritin levels

Policlonal gammopathy

Monoclonal gammopathy, including MGUS
Bone involvement™

Parkinsonism

Family history of Parkinson disease

HDL: High-density lipoprotein; MGUS: Monoclonal gammopathy of unknown sig-
nificance.

" Includes: Reduction of bone mineral density, chronic bone pain, acute bone
crisis, pathologic fractures, lytic lesions, osteonecrosis, Erlenmeyer flask deformity.

we provide several hints based on the presence/absence of sev-
eral peculiar signs or symptoms of GD, which must be evaluated
when more common causes of splenomegaly have been excluded
(Table 1).

When GD is suspected, the first step in the diagnostic work-up
is the detection of a reduced GBA activity that can be evaluated
on dried blood spots (DBS). DBS assay is a quick, not expensive and
accurate screening test; it can be easily performed in any outpatient
service and it has been validated in a large number of patients [63].
A pathologic result on DBS should be confirmed by evaluating GBA
enzymatic activity in blood leukocytes or cell cultures and DNA
sequencing with evidence of biallelic GBA pathogenic mutations.

5. Conclusions and future perspectives

GD is a chronic and multisystem disease which may progress
to severe disabling and potentially life-threatening complications
when left undiagnosed and untreated [17,18]. Several diagnostic
algorithms for GD have previously been proposed for hematolo-
gists and pediatricians, with the aims of increasing awareness and
favoring an early diagnosis [21,22]. Liver involvement in GD is non-
specific and variable [11,23]; as a consequence, GD is frequently
misdiagnosed with other highly prevalent chronic liver diseases
of different etiologies [15,16]. Splenomegaly with or without hep-
atomegaly is a nearly universal finding; as such, GD should be
considered as a differential diagnosis in patients with unexplained
splenomegaly referred to the hepatologist or the gastroenterolo-
gist. Other peculiar findings that should increase the suspicion of
GD are the presence of bone involvement, gammopathy, hyperfer-
ritinemia, hepatomegaly, hepatic and splenic nodules, gallstones,
low HDL cholesterol, thrombocytopenia, anemia, bleeding diathe-
sis, chronic fatigue, familial or personal history of parkinsonism
[2,4,5].In this paper, we have provided a comprehensive and practi-
cal review of liver involvement in GD aimed at facilitating a prompt
diagnosis of GD for the hepatologist and the gastroenterologist.
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