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Gaucher disease is the most common of the lysosomal storage
disorders, a subgroup of the inherited metabolic diseases. This
disorder is caused by deficient activity of a lysosomal enzyme,
glucocerebrosidase, due to mutations in the encoding geneGBA.

In the main degradative pathway for complex glycosphingolipid
components of cell membranes, glucocerebrosidase catalyzes
the cleavage of glucose and ceramide from glucocerebroside.
In Gaucher disease, due to a heavy substrate burden from
phagocytosis and degradation of senescent blood cells rich in
glycosphingolipid, glucocerebrosidase deficiency leads to
the accumulation of glucocerebroside primarily but not
exclusively in macrophages. These macrophages, engorged with
glucocerebroside-laden lysosomes, have a distinctive
histomorphology and are commonly called Gaucher cells.1,2 The
widespread accumulation of Gaucher cells, especially in organs
of the reticuloendothelial system, leads to the classic Gaucher
disease manifestations of massive hepatosplenomegaly, bone
marrow infiltration, pancytopenia, skeletal disease, and less
frequently, primary lung involvement.

Since the development of the glucocerebrosidase biochemical
assay and mutation analysis, histologic detection of Gaucher
cells through bone marrow aspiration, liver biopsy, or
splenectomy is no longer necessary or encouraged for the sole
purpose of disease diagnosis. Rather, Gaucher disease is
preferably confirmed through a finding of less than 15% of mean
normal glucocerebrosidase enzyme activity in peripheral blood
leukocytes or other nucleated cells.3,4 Demonstration of casual
mutations is also generally undertaken as a complimentary
means of establishing the diagnosis.

Based on the presence or absence of primary neurologic
involvement and its progression, Gaucher disease can be
divided into 3 clinical subtypes: type 1 (non-neuropathic), type
2 (acute neuropathic), and type 3 (chronic neuropathic).5 Type
2Gaucher disease is the most severe, with fatal central nervous
system involvement in the first 2 years of life. Type 3 Gaucher
disease typically presents early in childhood with severe systemic
manifestations similar to type 1, with the onset of neurologic

disease in the first decade of life or later. Abnormal eye
movements (saccades) are a frequent early finding in patients
with type 3 disease and should be routinely looked for in patients
with genotypes commonly associated with neuropathic disease.

More than 95% of patients who have Gaucher disease exhibit
the type 1 form, which is highly variable in terms of age of onset
and symptomatic presentation.6 However, its clinical heterogeneity,
in terms of genotype-phenotype dissociation, disease severity,
rate of progression, patterns of organ involvement, and
prognosis, is less well-recognized and still poorly understood.7

Often, the patient appears to be asymptomatic but significant
abnormalities can be discovered with routine physical
examination or with laboratory testing and imaging. Other
patients with significant manifestations may have delays in
diagnosis because their symptoms mimic other, far more
prevalent disorders.

A survey of hematology/oncology specialists revealed that,
when all of the classic symptoms of anemia, thrombocytopenia,
hepatomegaly, splenomegaly, and bone pain were presented,
Gaucher disease was considered in the differential diagnosis
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Identifying Patients With Type 1 Gaucher Disease for Early Diagnosis
and Intervention

[It is important to use] the widely available WBC
glucocerebrosidase test for the diagnosis of Gaucher
disease. Physicians should have a low threshold for ordering
this test when clinical circumstances suggest consideration
of Gaucher disease in the differential diagnosis.

Neal J. Weinreb, MD

Patients with splenomegaly, including those with
Gaucher disease, classically complain of early satiety,
abdominal fullness, and left abdominal pain that may be
occasionally severe if associated with splenic infarction.
Less commonly, as was true for this patient, the abdominal
symptoms of Gaucher disease may be nonspecific, such as
general bloating, cramping, poorly defined abdominal pain,
bowel irregularities, and intermittent nausea. Such
symptoms often lead to assignment of diagnoses of
irritable bowel syndrome, gastroenteritis, regional
enteritis, and atypical celiac disease, among others.

Neal J. Weinreb, MD

Radiologists are sometimes unaware that splenic
imaging in patients with Gaucher disease, particularly with
MRI or CT, commonly shows the presence of solitary or
multiple splenic nodules that represent focal collections of
Gaucher cells. When such nodules are detected, especially
in a patient in whom Gaucher disease has not yet been
diagnosed, further studies for diseases such as lymphoma
or metastatic cancer are often suggested. This may lead
to tests that confound and delay the correct diagnosis.

Neal J. Weinreb, MD
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by only 20% of physicians, and most physicians were more
likely to consider leukemia, lymphoma, or multiple myeloma.8 In
addition, physicians may not consider a diagnosis of Gaucher
disease because they believe that it is highly improbable that
they will encounter a patient with the rare disease.

Because Gaucher disease is potentially a progressive,
multisystemic disorder,9 late diagnosis and failure to institute
treatment when indicated may lead to substantial disability
and/or premature death from bleeding complications, progressive
liver disease, sepsis, lung disease, pulmonary hypertension, and
pathological fractures resulting from advanced bone disease.

3
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A significant proportion of untreated children,
adolescents, and young adults with Gaucher disease have
abnormally low bone mineralization and never achieve
peak bone mass. It appears that this phenomenon in
Gaucher disease may be determined more by poor bone
formation than by increased bone resorption.

Neal J. Weinreb, MD

Bone Marrow Transplantation Successful engraftment of allogeneic bone marrow before the
development of irreversible skeletal and organ changes may
correct the non-neurologic manifestations of the disease (eg,
repair metabolic defect, improve blood counts, and reduce liver
volume) by replacing the defective macrophages with those of
healthy donor origin. In a few individuals thus treated, stabilization
of neurologic and bone disease has occurred. However,
hematopoietic stem cell or bone marrow transplantation is rarely
performed in patients with Gaucher disease, not only because
of the shortage of human leukocyte antigen-matched donors and
the significant procedural risks, but also because the introduction
of successful enzymatic augmentation (Figure 1) has superseded
this treatment worldwide.3

Choosing an Optimal Continuous Therapeutic Approach for Appropriate Patients
With Type 1 Gaucher Disease

In cases when the patient is deemed to be mildly
affected and has no acute medical complaints, it may not be
unreasonable to suggest the patient be followed with no
therapy at the current time. In patients judged to be
moderately to severely affected, or when there is an active
problem (eg, bleeding tendency or bone pain), treatment may
be recommended, and the test results establishing disease
severity would constitute the basis for recommendations.

Gregory M. Pastores, MD

Enzyme Replacement Therapy

Enzyme replacement therapy (ERT), considered the standard of
care for Gaucher disease, aims to overcome the block in the
catabolic pathway and effect the clearance of the stored substrate

glucocerebroside by providing exogenous glucocerebrosidase.
Two recombinant forms of the enzyme, imiglucerase and
velaglucerase alfa, are approved by the US Food and Drug
Administration and commercially available; they are distinguished
according to the cell type (Chinese hamster ovary cells or human

Figure. Pharmacologic Approaches to Gaucher Disease Management
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cells) involved in their production. Both are glycoproteins and
require in vitro post-translational modification to expose mannose
residues to allow selective delivery of the protein to macrophage-
rich tissues, where the degradation of glucocerebroside is
catalyzed. ERT is administered via intravenous infusion, typically
biweekly, and is usually well-tolerated, with mild to moderate
adverse events (AEs) that are transient in nature.

In general, imiglucerase, commercially available in the United
States for 17 years, is highly effective in reversing the visceral
and hematologic manifestations of Gaucher disease, improving
anemia and thrombocytopenia, reducing spleen and liver
volumes, and alleviating cachexia and pediatric growth
retardation.10 Bone pathologies are considered among the most
painful, debilitating, and common manifestations of type 1
Gaucher disease.11-13 In patients with a history of bone crises,
recurrence is extremely rare after initiation of imiglucerase.
Chronic bone pain that is not attributable to irreversible skeletal
complications, such as osteonecrosis and joint destruction, often
improves as well.14 However, osteopenia/osteonecrosis typically
responds more slowly15,16 and in a dose-dependent manner.17

Imiglucerase has also not shown any direct therapeutic effect
on neurologic manifestations of Gaucher disease.18,19

Patients with type 1 Gaucher disease treated with imiglucerase
who enrolled in the International Collaborative Gaucher Group
(ICGG) Gaucher Registry typically demonstrated attainment of
multiple treatment goals. The proportion of patients meeting
specific therapeutic goals increased for all parameters (ie,
platelet count, hemoglobin level, spleen and liver volumes, bone
pain, and bone crises) from therapy initiation to 4 years of
treatment, with 76% achieving at least 5 of 6 goals.20

Immunoglobulin G (IgG) antibodies to the enzyme protein
develop in up to 15% of patients with Gaucher disease treated
with imiglucerase, but few experience a significant allergic
reaction, which is usually controlled with premedication with
hydrocortisone, antihistamines, or both.21,22

Long-term evaluation of velaglucerase alfa in several clinical
trials demonstrated significant mean changes from baseline to
48 months for hemoglobin level (+21.7%), platelet count
(+157.8%), and liver and spleen volumes (-42.8% and -79.3%,
respectively)23 and significant improvements in bone mineral
density (BMD) Z-scores by 24 and 33 months in the lumbar
spine and femoral neck, respectively, that continued through 69
months.16 In addition, antibody production in patients treated
with velaglucerase alfa has been reported in less than 10%.
Worldwide, several hundred patients are being treated with
commercially available velaglucerase alfa.

Taliglucerase alfa, an alternative recombinant glucocerebrosidase
expressed in genetically engineered plant (carrot) cells, is in late-
phase clinical development for Gaucher disease.24 Taliglucerase
alfa is structurally similar to and has enzymatic activity comparable
to imiglucerase. Unlike complex glycans in mammalian cells
that must be modified in vitro to expose the mannose residues
for enhanced uptake of the enzyme into macrophages, this
plant-derived glucocerebrosidase preparation contains naturally
exposed mannose residues generated in vivo, precluding the
requirement for post-production remodeling.25 The high batch-
to-batch reproducibility of this plant cell-based protein expression
system produces recombinant proteins that increase the
effective consistency of therapeutic potency.26 In fact, the
uptake into macrophages and cellular activity of taliglucerase
alfa was found to be greater than that of imiglucerase.24

A randomized, double-blind, parallel-dose phase 3 study
assessing the safety and efficacy of taliglucerase alfa (60
units/kg) in patients with Gaucher disease demonstrated
achievement of all study endpoints at 9 months compared with
baseline, including mean decreases in spleen and liver volumes
(-38% and -11%, respectively) and chitotriosidase (-58%) and
increases in hemoglobin level (+22%) and platelet count (+72%).
All AEs were mild or moderate, and neutralizing antibodies were
not detected. However, a hypersensitivity reaction occurred in
6% of treated patients.27

Preliminary results of a 9-month study evaluating 15 patients
with stable Gaucher disease switched from imiglucerase to an
equivalent dose of taliglucerase alfa showed that hematologic
and visceral stability was maintained and no additional safety
concerns arose for the study duration.28 Non-neutralizing IgG
antibodies to taliglucerase alfa developed in one patient.

Substrate Reduction Therapy

The goal of substrate reduction therapy (SRT) is to reduce the
rate of glucocerebroside production by inhibiting glucosylceramide
synthase, the initial enzyme in a series of reactions in the
glycosphingolipid synthesis pathway, to a level that allows for
effective clearance by endogenous glucocerebrosidase with

Evolving Paradigm for Mild to Moderate Type 1 Gaucher Disease: Earlier Diagnosis and Treatment Choices
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In June 2009, difficulties in production of imiglucerase
caused a supply reduction. In the United Kingdom, a list
of Gaucher disease sufferers was produced, prioritized
according to transparent peer-reviewed criteria. Patients
were switched to other products in a systematic fashion,
and maximum use was made of the available imiglucerase
at reduced doses. The commercial availability of velaglucerase
alfa and compassionate use of taliglucerase alfa in Europe,
Australia, and the United States were valuable for many
patients who were able to receive these agents. A number
of patients switched to miglustat during this shortage and
opted to remain on that therapy despite eventual recovery
of imiglucerase supplies to virtually normal levels.

Atul Mehta, MD
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residual enzymatic activity in patients with Gaucher disease.29

Unlike recombinant enzymes, SRT agents are small molecules
that can penetrate tissues inaccessible by ERT, including the
blood-brain barrier.30

Miglustat is the only commercially available SRT approved for
use in patients with type 1 Gaucher disease for whom ERT is
not a therapeutic option because of allergy, hypersensitivity, or
poor venous access. This commercially available oral
iminosugar inhibitor of glucosylceramide synthase significantly
reduces spleen and liver volumes and increases hemoglobin
level and platelet count in patients who either were naive to or
had discontinued ERT.31,32

Short- and long-term studies ranging from 12months to 5 years
have reported positive effects of miglustat in patients with type 1
Gaucher disease. With up to 12 months of treatment with
miglustat, liver and spleen volumes decreased significantly, by
12% and 19% (each P<.001), respectively, and a 16.4%
reduction (P<.0001) in chitotriosidase concentrations was
observed.33 In a prospective, open-label investigational study
evaluating SRT with miglustat 100 mg three times a day as
maintenance therapy in patients with type 1 Gaucher disease
who were treatment-naive or had been switched from previous
ERT, improvement in or maintenance of hematologic parameters
in treatment-naive patients was experienced after 6 months of
therapy.34 In patients who had switched from ERT to miglustat,
disease severity biomarkers improved up to 48 months after
initiation of miglustat, while other disease parameters (eg, organ
size, blood counts, bone marrow infiltration, overall clinical
status, and safety and tolerability) remained stable.35 Miglustat
showed an acceptable profile of safety and tolerability
throughout the treatment period, as reinforced in a 5-year post-
authorization study,36 suggesting that it is safe and effective for
long-term maintenance in patients with type 1 Gaucher disease
who were previously stabilized with ERT (currently an off-label
use of miglustat).35-37

Therapy-naive patients with Gaucher disease treated with
miglustat for 3 years demonstrated significantly increased high-
density lipoprotein and apolipoprotein AI without significant
increases in low-density lipoprotein and apolipoprotein B, which
was similar to ERT.38 In addition, significant reductions in high-

sensitivity C-reactive protein (hsCRP) were seen in treatment-naive
patients (52%) and those switched from ERT to miglustat
(41%). These data suggest miglustat may result in an improved
atherogenic lipid profile, which in turn may have a beneficial
effect on cardiovascular risk status.

A retrospective analysis of 3 open-label studies found significant
increases in BMD Z-scores at the lumbar spine (mean, 0.15;
P=.022) and femoral neck (mean, 0.23; P<.001) as early as 6
months following initiation of miglustat therapy and maintained
through 24 months (mean, 0.21; P=.015, and mean, 0.18;
P=.039, respectively).39 Based on experience with ERT using
imiglucerase, therapeutic goals for type 1 Gaucher disease
have been proposed.32

Gastrointestinal and neurologic disturbances were the most
common miglustat-related AEs reported in clinical studies.
Gastrointestinal AEs were diarrhea, moderate weight loss of
less than 10% of body weight, and flatulence, all of which
tended to improve over time. In addition, gastrointestinal
disturbances resolved in patients who complied with
recommendations to follow a low-carbohydrate diet during the
first few weeks of treatment with miglustat. Mild, transient cases
of tremor have been reported in patients treated with miglustat
in whom there was no corresponding functional impairment and
no impact of tremor on dexterity.31,33,35 The most common
serious adverse reaction was peripheral neuropathy.40 Patients
should undergo neurologic examination at the start of treatment
and every 6 months thereafter; miglustat treatment should be
reassessed if symptoms of peripheral neuropathy develop.
Miglustat may cause fetal harm if administered to a pregnant
woman. Men should maintain reliable contraceptive methods
and not plan to father a child while taking miglustat and for 3
months after discontinuing treatment. Longer-term studies and
clinical experience will help define the overall safety and efficacy
of miglustat in the management of type 1 Gaucher disease.

Eliglustat, a ceramide analogue inhibitor of glucosylceramide
synthase in phase 3 clinical trials, demonstrated effectiveness

5
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ERT and SRT are currently available options. Patients
who have opted for oral SRT have typically made their
choice on the basis of concerns about the need for chronic
intravenous therapy or needle phobia (albeit rare) or as
maintenance treatment after a period of ERT.

Gregory M. Pastores, MD

Gastrointestinal problems represent the most common
tolerability concerns patients have when initiating
miglustat therapy. With attention to diet, most of
these complaints are diminished or eliminated and
the need for antimotility agents (eg, loperamide)
becomes unnecessary. Although some patients show
a decrease in weight after starting miglustat, this may
be partly due to changes in dietary habits and the
weight loss is not a progressive or major problem.

Gregory M. Pastores, MD
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in reversing hematologic, visceral, and skeletal manifestations of
Gaucher disease, notably improving hemoglobin level, platelet
count, spleen and liver volumes, and lumbar spine BMD over 2
years.41,42 Eliglustat is metabolized by CYP345, which indicates
a potential for drug interactions, thus requiring monitoring not
undertaken with available therapies for Gaucher disease. Animal
studies indicate eliglustat reverses insulin resistance and other
elements of metabolic syndrome in mice with diet-induced
obesity.43 If this is a class effect that extends to other substrate
reduction treatments, such as miglustat, in the context of a low–
complex-carbohydrate, weight-loss–promoting diet that is
essential for control of miglustat-associated diarrhea, miglustat
treatment may be uniquely advantageous for the metabolically
challenged patient by virtue of a double effect.44

Investigative Treatment Modalities

In chaperone-mediated enzyme enhancement therapy, small
molecules selectively bind to and stabilize defective enzymes,
facilitating proper protein folding and trafficking to the lysosome
and restoration of enzyme activity. Preclinical studies of
isofagomine, which binds to destabilized glucocerebrosidase
enzyme to restore its intended biological function of clearing
glucocerebroside substrate from lysosomes, demonstrated it
increases uptake of glucocerebrosidase and its ex vivo activity
in patients with type 1 Gaucher disease.45-47

Alfonso and colleagues reported results that suggest that
miglustat, in addition to the inhibitory effect on glucocerebroside
synthesis, also works as an active site-specific chaperone to
inhibit glucocerebrosidase degradation.48 Miglustat is able to
occupy the active site of wild-type and certain mutant
glucocerebrosidase proteins, enabling the appropriate
refolding and delivery to the lysosome, where it remains
functional. The clinical relevance of these observations is yet
unknown. Long-term outcome studies are essential to
establishing the extended safety and benefit profile of miglustat.

In gene therapy, the normal glucocerebrosidase gene is
introduced into hematopoietic stem cells.49 In limited trials, some
enzyme has been produced by transduced cells, but only transient
gene-containing cells were found and at very low levels.50,51

Therapeutic Monitoring

Using data from the ICGGGaucher Registry, recommendations
have been developed to monitor Gaucher disease severity and
rate of progression.52-54 The initial assessment should include
confirmation of deficiency of glucocerebrosidase, genotyping,
and a complete family medical history. Other assessments to
be performed initially and regularly thereafter include a thorough
physical examination, pain and fatigue scoring, patient-reported
quality-of-life assessment using the 36-itemMedical Outcomes
Study Short-Form General Health Survey (SF-36) or other
appropriate instrument, and evaluation of hematologic (hemoglobin
level and platelet count), visceral, neurologic, pulmonary, and
skeletal involvement and biomarkers. Visceral and skeletal
pathology should be evaluated using specific radiologic
imagery. The frequency of comprehensive regular assessments
is based on treatment status and whether therapeutic goals
have been achieved. In addition, reassessment should be
performed whenever the dosage or modality of therapy has
been modified or a significant clinical complication has occurred.

Conclusion
Gaucher disease is a progressive disorder that may cause
serious disabling and life-threatening complications. Timely
diagnosis and early initiation of appropriate therapy are crucial
to prevent detrimental complications, such as bone-related
disability, and improve the patient’s quality of life as quickly as
possible. The treatment of Gaucher disease should follow an
individualized approach that considers the relative benefits,
safety profiles, and costs of therapies. All patients receiving ERT
or SRT require monitoring according to recommended steps to
resolve Gaucher disease-related problems and improve their
physical and functional well-being.

Evolving Paradigm for Mild to Moderate Type 1 Gaucher Disease: Earlier Diagnosis and Treatment Choices
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Patients newly diagnosed with Gaucher disease should
be subjected to a comprehensive assessment to establish
disease burden. In most cases, this entails measurement of
blood counts and biomarkers (eg, chitotriosidase), liver and
spleen volumes, and bone density and an MRI to assess
pattern of marrow infiltration and skeletal involvement.

Gregory M. Pastores, MD

Several scoring systems, such as the Zimran score
and the Gaucher Disease Severity Score Index—Type 1
(GauSSI-I), enable the treating physician to assess mild,
moderate, or severe involvement.

Gregory M. Pastores, MD
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Case Study 1
Atul Mehta, MD

The patient’s brother presented at age 12 years with easy bruising. Blood tests showed thrombocytopenia, and physical
examination revealed an enlarged spleen. Bone marrow testing was undertaken, and type 1 Gaucher disease was
diagnosed.

The patient is a female; date of birth, January 22, 1985. She demonstrated easy bruising by age 15. Her spleen was
enlarged and palpable 7 cm below the left costal margin.

Test results at diagnosis
Hemoglobin, 13.2 g/dL—normal
White cells, 3.2 x109/L—slightly reduced
Platelets, 76 x109/L—markedly reduced
Liver function—normal
Glucose—normal
Cholesterol—normal
Chitotriosidase, 8642 nmol/h/mL
Genotype—N370S/N370S
Skeletal magnetic resonance imaging—early changes of Gaucher disease in the lower end of the femurs bilaterally;
no bony infarcts; no evidence of avascular necrosis affecting either hip

She commenced treatment with imiglucerase 20 units/kg body weight in Australia in January 2004. She tolerated the
treatment well.

In January 2010, the patient came to the United Kingdom to work. She had been receiving only intermittent treatments
(one infusion every 6 to 8 weeks) since June 2009 as a result of an interruption in the supply of imiglucerase. When she
arrived, her disease status was as follows:
Hemoglobin, 13.1 g/dL
White cells, 5.5 x109/L
Platelets, 169 x109/L
Chitotriosidase, 1600 nmol/h/mL
Spleen—not palpable

Treatment with taliglucerase 1600 units every 2 weeks was initiated. The drug (currently in late stage of development)
was provided through a compassionate use program by Protalix Biotherapeutics, which was subsequently assumed by
Pfizer Inc. She tolerated the treatment extremely well.

When the patient was assessed in July 2010, her chitotriosidase level had reduced to 660 nmol/h/mL, and treatment was
continued. She returned to Australia in July 2011. Assessment at that time showed the following:
Hemoglobin, 13.9 g/dL
White cells, 5.64 x109/L
Platelets, 211 x109/L
Chitotriosidase, 163 nmol/h/mL

9

Return to table of contents

Gaucher monograph 09 22 11 9/23/11 8:55 AM Page 9



10

Evolving Paradigm for Mild to Moderate Type 1 Gaucher Disease: Earlier Diagnosis and Treatment Choices

Return to table of contents

Case Study 2
Gregory M. Pastores, MD

A 54-year-old woman presenting for follow-up was initially seen at age 44, after a diagnosis of Gaucher disease was
made as a result of family screening. At that time, evaluation revealed she was homozygous for the N370S mutation.
Hemoglobin level (12 g/dL) was normal, but platelet count was decreased (97,000/mm3). Liver (1.6 MN) and spleen (7.6
MN) were both mildly enlarged. Although she had no active bone complaints, magnetic resonance imaging (MRI) revealed
marrow infiltration in the spine and femurs. Bone density also showed decreased values (femoral neck T-score, -1.94).

The patient was offered conservative management, with monitoring, or Gaucher disease-specific therapy. The patient
elected therapy and indicated a preference for oral substrate reduction versus intravenous enzyme replacement therapy.
The main reasons making her hesitant to commit to chronic intravenous therapy were lifestyle and business travel schedule.
The patient was also given adjunctive therapy (bisphosphonate) for osteoporosis.

During her most recent follow-up, during therapy with miglustat, her blood count (hemoglobin, 12.4 g/dL; platelets,
211,000/mm3) and liver volume were normal. Spleen volume was also decreased (to 3 MN). MRI showed decreased
marrow infiltration, and bone density was low but stable (femoral neck T-score, -2.1). Although she experienced some
gastrointestinal discomfort and diarrhea at the time miglustat was started, these problems cleared with attention to diet.
She has no active complaints and has not experienced any Gaucher disease-related complication.
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Case Study 3
Neal J. Weinreb, MD

A 35-year-old woman of Ashkenazi Jewish ethnicity was admitted to a hospital 4 years earlier with abdominal pain, diarrhea,
back pain, myalgia, and headache. Throughout childhood and early adolescence, the patient was short and slender, with
a protuberant abdomen. However, there was no history of any acute or chronic bone pain.

Menarche occurred at age 10, followed by irregular menstrual cycles and severe menorrhagia. From age 17, the patient
had progressive weight gain with evidence of metabolic syndrome and insulin resistance and was found to have polycystic
ovary syndrome (POS). She was treated with hormone therapy and an intrauterine device and became amenorrheic.
Laboratory studies revealed leucopenia, platelet count of 60,000/µL, decreased serum iron, and negative blood and stool
cultures. Abdominal ultrasound revealed only splenomegaly. Diagnoses such as mononucleosis, lupus, and hairy cell
leukemia were considered, and the patient ultimately was told she had acute gastroenteritis and was discharged.

Over the next several weeks, she continued to be symptomatic and lost 10 kg in body weight. Abdominal computed
tomography (CT) scan confirmed an enlarged spleen and multiple splenic nodules. Hematology consultation was obtained.
Gaucher disease was apparently included in the differential diagnosis, but white blood cell (WBC) glucocerebrosidase
testing was not performed. Instead, a bone marrow aspiration was performed that reportedly did not reveal the presence
of any Gaucher cells. Positron emission tomography (PET) scanning showed “hot spots” in the spleen and in mesenteric
lymph nodes, suggesting a possible diagnosis of low-grade lymphoma. However, a diagnosis of lymphoma was never
confirmed histologically.

The patient was followed for 4 years without a definite diagnosis and without treatment. Splenectomy was contemplated
because of the persistent symptoms of early satiety, abdominal discomfort, and pain under the anterior left rib cage, but
the surgery was not performed because of a determination of high risk related to the patient’s excess weight and POS-
associated metabolic syndrome.

Consequent to the prolonged period of unexplained symptoms, the patient experienced anxiety and depression. She was
started on a combination of selective serotonin reuptake inhibitors (SSRIs) and anxiolytic medication.

Eventually, after the patient’s younger sister, living in a different locale, was diagnosed with N370S homozygous Gaucher
disease, the patient was referred to our Gaucher treatment center. In anticipation that enzyme replacement therapy (ERT)
would be started and because of poor venous access, a port was implanted prior to our seeing her.

Comment
The patient presented at least 4 years prior to diagnosis with historical information and clinical manifestations that should
have provoked consideration of Gaucher disease in the mind of an astute physician. Signs included pancytopenia and
splenomegaly coupled with a history of a chronically protuberant abdomen predating the patient's obesity and relatively
short stature for an individual of Ashkenazi Jewish descent.

Although a diagnosis of Gaucher disease is commonly overlooked in many patients, this case had some distinctly unusual
features that undoubtedly contributed to the diagnostic delay. Patients with splenomegaly, including those with Gaucher
disease, classically complain of early satiety, abdominal fullness, and left abdominal pain that may be occasionally severe
if associated with splenic infarction. Less commonly, as was true for this patient, the abdominal symptoms of Gaucher
disease may be nonspecific, such as general bloating, cramping, poorly defined abdominal pain, bowel irregularities, and
intermittent nausea. Such symptoms often lead to assignment of diagnoses of irritable bowel syndrome, gastroenteritis,
regional enteritis, and atypical celiac disease, among others.

Radiologists are sometimes unaware that splenic imaging in patients with Gaucher disease, particularly with magnetic
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resonance imaging (MRI) or CT, commonly shows the presence of solitary or multiple splenic nodules that represent a
focal collection of Gaucher cells. When such nodules are detected, especially in a patient in whom Gaucher disease has
not yet been diagnosed, further studies for diseases such as lymphoma or metastatic cancer are often suggested. In our
case, this led to the two tests that most confounded and delayed the correct diagnosis: the PET scan and the bone
marrow aspiration.

In my limited experience, conventional PET scanning usually does not reveal foci of increased uptake, even in patients with
untreated and overtly symptomatic Gaucher disease. In this case, however, the PET scan apparently revealed an
abnormality suggesting the possibility of low-grade lymphoma. It has not yet been repeated, although that will be done
in the near future.

Several case reports describe patients presenting with histologically proven non-Hodgkin lymphoma who, in the course
of their staging evaluations, were coincidentally found to have Gaucher disease.1-3 Additionally, in comparison to the
general population, the risk that a patient with Gaucher disease will at some time be diagnosed with lymphoma is
somewhat increased.4 Although I believe that concurrent lymphoma is unlikely in this patient, it is not yet resolved.

The failure to identify the presence of Gaucher cells in the bone marrow specimen was certainly the critical factor leading
to the diagnostic delay. With no other infiltrative process present, it is highly unusual for Gaucher cells not to be detected
in affected patients from whom adequate bone marrow biopsy specimens are obtained. In fact, prior to the institution of
neonatal screening programs, a positive bone marrow test was probably the most common reason for a serendipitous
diagnosis of Gaucher disease. In this regard, misdiagnosis due to the presence of pseudo-Gaucher cells (as reported in
non-Gaucher patients with chronic myelocytic leukemia and other hematologic malignancies as well as in patients with
thalassemia and other hemolytic anemias) should be borne in mind.5

Because the original bone marrow biopsy was not available for review in our case, I cannot comment about its technical
adequacy. In an office setting, obtaining a satisfactory bone marrow biopsy from the posterior iliac crest of a very obese
patient can be a significant challenge. Nevertheless, the literature does include sporadic reports of bona fide negative bone
marrow specimens in untreated patients with Gaucher disease. Our case, therefore, underscores the importance of using
the widely available WBC glucocerebrosidase test for the diagnosis of Gaucher disease as well as for defining a low
threshold for ordering this test when clinical circumstances should dictate consideration of Gaucher disease in the
differential diagnosis.

Physical findings
Obesity—weight, 124 kg; height, 1.63 m; body mass index (BMI), 46.9 kg/m2

Hypertension—blood pressure, 162/100
Eye movements—normal
Cardiac auscultation—normal
Left upper quadrant tenderness with spleen tip 4 cm below the left costal margin
No obvious skeletal deformities
Neurologic examination—normal

Laboratory findings
WBC glucocerebrosidase, 0.323 nmol/h/mg protein (2.9% of normal)
Genotype—N370S/N370S
Hemoglobin, 11.3 g/dL
Mean cell volume (MCV), 75.9 fL
WBC, 4000/µL
Platelets, 89,000/µL
Liver function tests—normal
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Fasting blood sugar, 101 mg/dL
Glycosylated hemoglobin, 5.5%
Ferritin, 43 ng/mL
Serum iron, 28 µg/dL
Transferrin saturation, 7%
Chitotriosidase, 1015 nmol/h/mL (genotype unknown)
Angiotensin-converting enzyme (ACE), 115 U/L
Tartrate-resistant acid phosphatase (TRAP), 18.7 U/L
Immunofixation—normal without monoclonal or polyclonal gammopathy
β2-microglobulin—normal
Lactate dehydrogenase—normal
Serum vitamin B12—borderline low
Methylmalonic acid—normal
25-hydroxyvitamin D, 16 ng/mL—decreased
Thyroid-stimulating hormone and thyroid profile—normal

Imaging findings
Spleen volume, 1830 mL (13 MN based on normal body weight of 70 kg; 7.4 MN based on actual body weight)
Multiple small splenic lesions noted
Liver volume, 2539 mL (1.45 MN based on normal body weight of 70 kg; 0.82 MN based on actual body weight)
No evidence for any retroperitoneal lymphadenopathy

MRI and x-ray skeletal studies
Bone marrow infiltration throughout both femora and proximal tibiae with sparing only of the distal femoral epiphysis
Lumbar marrow appeared normal
No evidence for osteonecrosis, medullary infarction, osteolytic lesions, or fractures
Incidental note made of a 3-cm right ovarian cyst

BMD studies
Bone mineral density (BMD) (dual-energy x-ray absorptiometry [DEXA])—normal at the left spine and left hip

Comment
Quantitating spleen and liver volumes in patients who are substantially obese is challenging. It stands to reason that the
relationship between organ volumes and body weight is not likely linear beyond the range of a body weight of 70 to 80
kg. For this reason, I believe that the true spleen and liver volumes in this patient are larger than would be derived from
the traditional calculation. This is a matter of importance in determining eligibility for clinical trials as well as for calculating
severity scores that may be used for clinical decisions.

Although there is a body of opinion that the magnitude of chitotriosidase elevation correlates with disease severity,6 in this
patient, the modest increase in chitotriosidase is difficult to interpret in the absence of knowledge of the chitotriosidase
genotype. For this case, I found it irrelevant to the decision as to whether to recommend initiation of specific treatment
for Gaucher disease. Rather, the combination of symptomatic hepatosplenomegaly and significant hematologic cytopenia
with additional subjective factors, including marked fatigue, poor health-related quality of life, depression, and anxiety
was compelling.

Because of limited gastric capacity associated with splenomegaly and a hypermetabolic state with increased oxygen
consumption,7 most symptomatic and untreated patients with Gaucher disease are not overtly obese. The BMI of this
patient, who had concurrent POS, was markedly elevated. POS is frequently associated with insulin resistance and
features of metabolic syndrome. Untreated patients with Gaucher disease have also been shown to have insulin
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resistance, a phenomenon that may be related to increases in the cellular and plasma content of the glycosphingolipid
GM38 and abnormalities in other complex glycosphingolipids that, as components of lipid rafts, are constitutively integral
to the organization and structure of the insulin receptor.9 POS and Gaucher disease may be acting in tandem to contribute
to this patient’s obesity and metabolic abnormalities.

POS patients also may have hyperandrogenism. If present in this patient, because of the anabolic effect on bone, it may
have been protective in terms of her BMD. A significant proportion of untreated children, adolescents, and young adults
with Gaucher disease have abnormally low bone mineralization and never achieve peak bone mass.10 It appears that this
phenomenon in Gaucher disease may be determined more by poor bone formation than by increased bone resorption.11,12

There is virtually no published information on the use of bone anabolic agents to correct osteopenia/osteoporosis in
patients with Gaucher disease. In this regard, our case may constitute an interesting biological “experiment.” Although the
patient’s BMD was normal, her vitamin D levels were persistently low. Vitamin D absorption may be impaired in some
patients with Gaucher disease.

Most patients with Gaucher disease have hyperferritinemia and normal serum iron. This patient had low-normal serum
ferritin and decreased serum iron and transferrin saturation that directed attention at iron deficiency rather than Gaucher
disease as the cause of her anemia, an observation that was at least partly correct. Correction of concurrent causes of
anemia, such as iron deficiency, is a crucial step in assessing this patient's eventual response to specific treatment for
Gaucher disease.

Patient course

After reviewing potential therapeutic options, both commercial and investigational, the patient opted to begin biweekly
treatment with imiglucerase 30 U/kg. She was prescribed oral iron and vitamin D supplementation.

She tolerated the infusions well during the first 5 months of treatment. Baseline imiglucerase antibodies were not detected.
Hemoglobin increased to 12.6 g/dL, MCV to 81.2 fL, and platelets to 124,000/µL. Chitotriosidase decreased to 243
nmol/h/mL, and ACE and TRAP normalized. Spleen volume decreased to 1111 mL (39.3% decrease), although the
splenic nodules were unchanged. Liver volume decreased to 2208 mL (13%).

During the fifth month of treatment, the patient had a moderately severe infusion reaction characterized by back pain,
abdominal pain, nausea, vomiting, tachycardia, and exacerbated hypertension. She had no respiratory distress or urticaria.
Imiglucerase antibodies had earlier been negative. Tryptase was normal. The result of new imiglucerase antibody testing
is pending.

Two weeks later, despite premedication with antihistamines and corticosteroids and a marked reduction in infusion rate,
the patient had an even more severe reaction that included chest tightness, flushing, shortness of breath, cough, diarrhea,
vomiting, and generalized pain. She was transferred to the emergency department, where she recovered after overnight
treatment and observation.

She was subsequently started on miglustat 100 mg three times a day for treatment of Gaucher disease. After 8 weeks
of miglustat and despite careful adherence to the recommended diet, the patient still has some diarrhea. Her weight has
decreased by 7 kg. Overall, however, the patient is satisfied with the current regimen.

Comment
The patient’s response to imiglucerase was excellent. Although the initial chitotriosidase level was not useful in assessing
disease severity, the substantial reduction in chitotriosidase after 4 months of treatment was very useful information in
conjunction with the other parameters of response.
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The progressively severe infusion reactions this patient experienced are quite unusual. In approximately 15% of patients
who are treated with imiglucerase, non-neutralizing IgG antibodies develop, usually within the first 3 to 6 months of
treatment.13 Although the presence of antibodies is associated with an increased risk of infusion reactions, most are
easily controlled with adjustment of infusion rate and premedication. Many patients eventually tolerize. During my 20-year
experience with imiglucerase, ERT had to be discontinued in only 6 patients because of repeated severe infusion
reactions.

In this case, rather than attempting an alternative ERT, such as velaglucerase, continuing treatment with miglustat seemed
prudent. Two studies show that patients with a good response to ERT who are switched to miglustat continue to be well-
maintained over periods up to 2 to 3 years.14,15 Although miglustat is not approved by the US Food and Drug
Administration for maintenance treatment, it seemed to be a reasonable and on-label approach for this patient with a
demonstrated inability to tolerate imiglucerase.
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