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Gaucher disease (GD) is a rare inherited autosomal recessive 
metabolic disorder, which if left untreated may be associated 
with significant morbidity and early mortality.[1] It is a lysosomal 
storage disease (specifically a sphingolipidosis) caused by mutations 
in the GBA1 gene located on 1q21 that codes for the enzyme 
acid beta-glucocerebrosidase. This lysosomal enzyme hydrolyses 
glucosylceramide into ceramide and glucose, but in GD its activity 
is markedly decreased, leading to accumulation of glucosylceramide 
in macrophages, which are hereafter referred to as Gaucher cells. In 
GD patients, residual enzyme activity ranges from 5% to 25% and, 
in rare cases, GD may be caused by mutations affecting the protein 
saposin C, an acid beta-glucocerebrosidase activator necessary for 
optimal enzyme activity.[1,2] Gaucher cells primarily infiltrate the 
bone marrow, spleen and liver, but can also infiltrate other organs, 
including the central nervous system. However, glucosylceramide 
and other sphingo- and phospholipids may also accumulate in the 

lysosomes of other phagocytic cells, outside of lysosomes in these 
and other cell types and in the plasma, and it is likely that a number 
of diverse processes, including a generalised systemic inflammatory 
response, contribute to the pathology and symptoms in patients with 
GD.[3-7]

Clinical phenotypes of GD represent a continuum of disease 
severity and progression, but are classically divided into three major 
subtypes (types 1, 2 and 3), which are differentiated depending on the 
presence or absence of primary central nervous system involvement, 
age of presentation and residual acid beta-glucocerebrosidase activity. 
Nevertheless, there is considerable phenotypic heterogeneity within 
each GD subtype.[8,9]

GD type 1 (GD1) is the most well-understood and well-
characterised form of GD.[10] Patients with GD1 have some residual, 
but markedly diminished, acid beta-glucocerebrosidase activity. They 
do not have primary involvement of the central nervous system, 
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but rather involvement of the hepatic, splenic, bone/bone marrow, 
haematological and pulmonary systems. The age of onset is variable. 
Although >50% develop symptoms before the age of 20 years, others 
become symptomatic only in adulthood or have minimal evidence of 
disease with few or no symptoms throughout their life.

Both liver and spleen may be massively enlarged. Hepatomegaly 
is a finding in 60 - 80% of patients, whereas splenomegaly is 
present in >90%, and asymptomatic splenomegaly is the most 
frequent presenting sign in GD1.[1] Hypersplenism and bone 
marrow infiltration are associated with pancytopenia (i.e. anaemia, 
leukopenia and thrombocytopenia), causing fatigue and increased 
risk of bruising and bleeding.[8,11] Clinical or radiographic evidence 
of bone disease occurs in 70 - 100% of individuals with GD1, 
ranging from asymptomatic osteopenia to focal lytic or sclerotic 
lesions and osteonecrosis. Acute and chronic bone pain, pathological 
fractures and subchondral joint collapse with secondary degenerative 
arthritis are a cause of considerable morbidity. Metaphyseal flaring, 
a deformity of the distal femur (Erlenmeyer flask deformity) as 
a result of undertubulation, may be visible on radiographs.[8,11] 
Bone infarction or bone crisis occurs in ~10% of subjects with GD 
and is especially common during childhood and adolescence.[8] 
Secondary neurological complications (e.g. spinal cord or nerve root 
compression) may occur consequent to bone disease or coagulopathy. 
In comparison with the general population, patients with GD may be 
at higher lifetime risk of several comorbidities, including Parkinson’s 
disease (PD), insulin resistance and diabetes, and malignancy, 
especially multiple myeloma and haematological cancers.[12-15] 
Respiratory complications (e.g. pulmonary hypertension, interference 
with mechanical lung function) may occur secondary to splenomegaly 
and hepatic involvement, whereas infiltration of the lungs by Gaucher 
cells can lead to pulmonary fibrosis, although this latter finding is 
uncommon.[1,11] Data from the International Collaborative Gaucher 
Group (ICGG) Gaucher Registry have shown that compared with 
healthy individuals, life expectancy of those with GD1 is shortened 
by ~9 years.[16]

The two neurological subtypes of GD are distinguished from each 
other based on the severity and rapidity of progression of neurological 
involvement. In GD type 2, early and severe neurological impairment 
is apparent by age 3 - 6 months and most patients die before 3 years 
of age. In comparison, juvenile or subacute neurological GD (type 3) 
is characterised by haematological and visceral signs and symptoms 
similar to those observed in type 1, combined with oculomotor 
neurological involvement. Disease onset is usually during childhood 
or adolescence, but approximately half present before 2 years of 
age. As in GD1, the presentation is heterogeneous. More severe 
neurological symptoms may include progressive myoclonus epilepsy, 
cerebellar ataxia or spasticity and dementia. In addition, there 
may be severe and progressive kyphosis, and the heart (with valve 
calcification) and cornea may be affected in some cases.[1]

Based on studies performed in North America and Western 
Europe, where GD1 is the most common form, the prevalence of GD 
in the general population is estimated at 1 per 100 000. However, it 
is higher among Ashkenazi Jews, affecting ~1 in 855 individuals.[1,2,8]

Although the prevalence of GD type 3 in Europe, North America 
and Israel is estimated at ~5%, in some areas of the world, including 
the Philippines, Korea, Egypt, Japan and China, type 3 is a common 
GD phenotype, accounting for between 12% and 50% of individuals 
in local GD registries. [17-22]

Management of GD should be individualised. Goals of therapy are 
to prevent or improve haematological, visceral and bone symptoms; 
reduce (to normal if possible) liver and spleen volume; maintain 
normal growth, bone density and mobility; reduce fatigue; and 

maintain good quality of life and participation in normal daily 
activities and social and functional roles. Long-term goals include 
prevention and early detection of complications such as pulmonary 
disease, malignancy, parkinsonism/PD and diabetes.[23,24]

Although bone marrow transplantation has been used to treat GD 
in the past, it has been largely superseded by enzyme replacement 
therapy (ERT), which is the gold standard for management of 
GD, and substrate replacement therapy.[11] There are currently 
three recombinant acid beta-glucocerebrosidase ERTs: imiglucerase, 
velaglucerase alfa and taliglucerase alfa. When administered 
intravenously, imiglucerase has been shown to be safe and effective 
in reversing signs and symptoms resulting from haematological 
and hepatosplenic involvement, and in improving bone outcomes 
over 20 years of treatment.[25] Although they may improve quality of 
life in patients with GD1 and 3, ERTs do not alter the prognosis of 
neurological disease.[26]

Symptomatic management is now reserved for a small subset 
of patients who continue to have severe disease manifestations on 
ERT, or those who do not receive ERT. Although ERT has virtually 
eliminated the necessity for splenectomy, partial or total splenectomy 
may be considered in patients with massive splenomegaly, splenic 
infarction or severe thrombocytopenia. Other considerations include 
blood transfusions for severe anaemia and bleeding; analgesia for 
bone pain; joint replacement surgery for relief from chronic pain and 
restoration of function; and supplemental treatment with calcium 
and vitamin D for patients with low bone density.[11]

Because it is a rare disease, it is difficult to collect data on the 
natural history of GD, diagnosis, management, and the safety and 
efficacy of therapeutic regimens. The ICGG Gaucher Registry 
(NCT00358943) was established in 1991 to address this need. This 
registry is an observational, longitudinal, international database that 
tracks the clinical, demographic, genetic, biochemical and therapeutic 
characteristics of patients with GD globally, irrespective of disease 
severity, treatment status or treatment choice. It is the largest GD 
registry in the world, and since its inception has enrolled >6 000 
patients with GD types 1, 2 and 3. The registry is supported by Sanofi 
Genzyme and is governed by a collaborative group of international 
physician experts in GD. The purpose of the registry is to collect 
observational longitudinal data from a real-world setting to describe 
phenotypic variability and the natural history of GD in untreated 
disease, age at presentation, indicators of disease and genotype. The 
data collected will help to guide recommendations for monitoring of 
patients, to evaluate short-, intermediate- and long-term effectiveness 
of treatment, and to inform hypothesis-driven research.[15,27]

To optimise the recognition, diagnosis and management of 
patients with GD in South Africa (SA), it is important to have an 
understanding of local patterns of presentation of the disease. In this 
article we describe the baseline pretreatment characteristics of an SA 
cohort of patients enrolled into the ICGG Gaucher Registry who were 
treated with imiglucerase.

Methods
The ICGG Gaucher Registry is a global observational database, which 
is governed by an international group of experts and supported 
by Sanofi Genzyme. It is open to all GD patients around the 
world, regardless of their treatment status or choice of treatment. 
Clinical assessments and care of patients enrolled in the registry are 
determined by their treating physicians. The only requirement for 
inclusion in the registry is a confirmed diagnosis of GD. Treating 
physicians voluntarily provide data on assessments currently used to 
monitor the clinical manifestations and disease progression of GD, 
and response to therapy.
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At the request of the authors, data were provided by the Sanofi 
Genzyme Registry Team. The study population included all SA 
patients reported in the ICGG Gaucher Registry as of 1 May 2020. 
Demographic and clinical baseline characteristics reported to the 
registry were evaluated among the patients who received imiglucerase 
as first primary GD therapy. Because they are therapeutically 
equivalent, the term imiglucerase was used to refer to treatment 
with either imiglucerase (Cerezyme; Sanofi Genzyme) or alglucerase 
(Ceredase; Sanofi Genzyme).[28] Baseline was defined as the data 
point closest to imiglucerase initiation using a window of no more 
than –3 months/+2 weeks from treatment initiation for haemoglobin 
and platelet count, a window of no more than –6 months/+6 weeks 
from treatment initiation for liver and spleen volume, and a window 
of no more than –2 years/+6 weeks from treatment initiation for bone 
manifestations. Categorical variables were reported using frequencies 
and percentages, whereas continuous variables were described using 
frequencies, means, standard deviations, medians, 25th percentiles, 
75th percentiles, and minimum and maximum values. To ensure 
patient privacy, data are not shown for subpopulations containing 
<5 patients, and where a genotype is reported for <5 patients, the 
frequency is reported as ‘<5’.

Results
In total, as of 1 May 2020, the registry included 49 SA GD patients, 
of whom 4 were never treated, 32 received imiglucerase as first 
primary GD therapy, and 13 initiated treatment with an alternative 

agent. Demographic information for the imiglucerase treatment 
cohort is given in Table 1. All the patients had GD1, and 59.4% were 
female. The mean and median ages at diagnosis were 14.7 and 9.8 
years, respectively. Genotype was documented for 16 patients, and 
the most common genotype was N370S/N370S (n=6/16; 37.5%). 
Other genotype subgroups included between 1 and 4 patients. Thirty 
percent (n=9/30) of the patients were splenectomised  at treatment 
initiation.

The data availability at baseline for the 32 South African GD 
patients varied across parameters: 23 had haematological assessment, 
3 had spleen volume assessment, 4 had liver volume assessment, and 
30 had bone manifestation assessment (Table 2). At baseline, reported 
mean haemoglobin concentrations were 11.2 g/dL and 12.4 g/dL 
for patients with (n=15) and without (n=8) a spleen, respectively. 
While the majority of patients in both groups were not anaemic, 
the proportion of patients who had anaemia was greater among 
non-splenectomised patients than splenectomised patients (33.3% 
(n=5/15) and 12.5% (n=1/8), respectively). The mean platelet count 
was 112.7 × 109/L and 288.9 × 109/L among non-splenectomised 
and splenectomised patients, respectively. Moderate or severe 
thrombocytopenia (platelet count <120 × 109/L) was reported in 
66.6% (n=10/15) of non-splenectomised patients, whereas mild or 
no thrombocytopenia (platelet count ≥120 × 109/L) was reported 
in all patients in the splenectomised group (n=8/8). Among the 3 
and 4 patients with baseline data available for splenomegaly and 
hepatomegaly, respectively, moderate or severe splenomegaly (spleen 

Table 1. Demographic and disease characteristics of South African patients on the ICGG Gaucher Registry treated with 
imiglucerase as first primary GD therapy (N=32)*
Sex, n (%)

Male 13 (40.6)
Female 19 (59.4)

GD type, n (%)†

Type 1 32 (100)
Type 2 0
Type 3 0

Age at GD diagnosis (years)
Mean (SD) 14.7 (13.86)
Median (25th; 75th) 9.8 (6.3; 16.1)
Minimum; maximum 0.7; 56.5

Age at initiation of imiglucerase (years)
Mean (SD) 25.0 (19.83)
Median (25th; 75th) 13.5 (9.4; 42.2)
Minimum; maximum 0.8; 67.8

Genotype, n (%)‡

N370S/N370S 6 (37.5)
N370S/rare allele§ <5 (<15.6)
N370S/L444P <5 (<15.6)
Rare allele§/rare allele§ <5 (<15.6)
N370S/84GG <5 (<15.6)
N370S/unknown mutation¶ <5 (<15.6)
Unknown mutation¶/unknown mutation¶ <5 (<15.6)

Splenectomy status at treatment initiation, n (%)||

No splenectomy 21 (70.0)
Splenectomy 9 (30.0)

ICGG = International Collaborative Gaucher Group; GD = Gaucher disease; SD = standard deviation.
*Total includes all patients who met inclusion criteria for analysis and were reported in the ICGG Gaucher Registry as of 1 May 2020.
†Reported by physician.
‡Data for genotype were missing for 16 patients; the denominator for genotype frequency is the 16 patients with non-missing genotype.
§Rare allele is any known allele which is not N370S, L444P, IVS2+1, D409H or 84GG.
¶Results of genotype test did not match any tested mutations.
||Data on splenectomy were missing for 2 patients.
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size >5 times normal) was reported in 2 patients, and moderate or 
severe hepatomegaly (liver size ≥1.25 times normal) was reported in 
3 patients.

Presence or absence of bone manifestations at baseline was 
reported for 21 patients in total. In non-splenectomised patients, bone 
pain was present in 30.8% (n=4/13) and absent in 69.2% (n=9/13). In 
the splenectomy group, bone pain was present in 57.1% (n=4/7) and 
absent in 42.9% (n=3/7). There were no patients with bone crises 
among patients with data available (n=0/20). Among 3 patients with 
marrow infiltration data available at baseline, marrow infiltration 
was present in 2 (n=1 splenectomised and 1 non-splenectomised). 
Data relating to avascular necrosis, bone infarction, fractures and 
Erlenmeyer flask deformity were available for only 1 patient each, all 
of whom were in the splenectomy group.

There were no data available at baseline for lytic lesions. Only 
2 patients had data available relating to orthopaedic surgery. One 
had had 1 hip surgery, ~11 years before treatment initiation. The 
other patient had had 7 hip surgeries (joint replacement or revision) 
involving both hips, 3 before treatment initiation and 4 after. The 
first hip surgery was performed ~7 years before starting treatment 
for GD.

Discussion
The present study is the first description of the SA cohort in the 
ICGG Gaucher Registry. All the patients had GD1. The median age 
at diagnosis was 9.8 years, and the majority (75%) of the patients 
were diagnosed before 17 years of age. These figures are consistent 
with data from the overall international GD1 cohort, of whom the 
majority had onset (onset/diagnosis/recognition) in the first and 
second decades of life; 68% were diagnosed before age 10 years and 
only 28% after age 20 years.[10] The most frequent genotype in our 
cohort was homozygous N370S/N370S. Nevertheless, this genotype 
represents only approximately one-third of patients for whom 
genotyping was performed. Other genotypes reported were present 
in a limited number of patients (<5 per genotype) and were not 
further detailed, in order to preserve patient confidentiality. At the 
global level in the ICGG Gaucher Registry, a little over one-third of 
patients with the N370S allele are homozygotes, whereas the majority 
are heterozygous with the L444P, 84GG or another allele.[10] Previous 
studies have suggested that N370S/L444P is likely to be the most 
frequent genotype in GD1 populations of European descent, and 
generally this genotype leads to more severe disease compared with 
homozygous N370S.[24]

Table 2. Baseline haematological and visceral characteristics of South African patients on the ICGG Gaucher Registry treated with 
imiglucerase as first primary GD therapy*
Parameter No splenectomy Splenectomy
Haemoglobin concentration (g/dL) n=15 n=8

Mean (SD) 11.2 (2.73) 12.4 (1.11)
Median (25th; 75th) 12.2 (8.2; 13.0) 12.1 (11.8; 13.0)
Minimum; maximum 7.4; 15.6 10.9; 14.5

Platelet count (× 109/L) n=15 n=8
Mean (SD) 112.7 (49.82) 288.9 (82.62)
Median (25th; 75th) 107.0 (70.0; 134.0) 276.0 (245.0; 342.5)
Minimum; maximum 37.0; 220.0 160.0; 424.0

Spleen volume (multiples of normal) n=3 n/a
Mean (SD) 10.8 (5.61)
Median (25th; 75th) 12.1 (4.7; 15.7)
Minimum; maximum 4.7; 15.7

Liver volume (multiples of normal) n=3 n=1
Mean (SD) 1.5 (0.66) 1.4 (NA)
Median (25th; 75th) 1.5 (0.9; 2.22) 1.4 (1.4; 1.4)
Minimum; maximum 0.9; 2.2 1.4; 1.4

Anaemia, n (%)† n=15 n=8
No 10 (66.7) 7 (87.5)
Yes 5 (33.3) 1 (12.5)

Thrombocytopenia (platelet count × 109/L), n (%) n=15 n=8
Mild or none (≥120) 5 (33.3) 8 (100.0)
Moderate (60 - <120) 8 (53.3) 0
Severe (<60) 2 (13.3) 0

Splenomegaly (multiples of normal), n (%) n=3 n/a
Mild or none (≤5) 1 (33.3)
Moderate (>5 - ≤15) 1 (33.3)
Severe (>15) 1 (33.3)

Hepatomegaly (multiples of normal), n (%) n=3 n=1
Mild or none (≤1.25) 1 (33.3) 0
Moderate (>1.25 - ≤2.5) 2 (66.7) 1 (100)

Severe (>2.5) 0 0

ICGG = International Collaborative Gaucher Group; GD = Gaucher disease; SD = standard deviation; n/a = not applicable.
*n values are the number of patients for whom data were available. Data are as reported in the ICGG Gaucher Registry as of 1 May 2020.
†Anaemia is defined according to age and gender norms for haemoglobin concentrations as follows: <12 g/dL for males aged >12 years; <11 g/dL for females aged >12 years;  
<10.5 g/dL for children aged >2 - 12 years; <9.5 for children aged 6 months - 2 years; <10.1 g/dL for children aged <6 months.
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More than two-thirds of the treated patients in our cohort were 
not splenectomised at treatment initiation. The proportions 
of patients reporting anaemia (33% v. 12%) and moderate or 
severe thrombocytopenia (67% v. 0%) were greater among non-
splenectomised v. splenectomised patients. The proportion of 
patients reporting bone pain was smaller among non-splenectomised 
patients compared with splenectomised patients (31% v. 57%). While 
numbers are small and should be interpreted with caution, this 
is not an unusual finding in GD. Splenectomy will ameliorate the 
cytopenia caused by hypersplenism, but it may be associated with 
worsening disease, including accelerated bone involvement, severe 
hepatic fibrosis and liver failure, lung infiltration and increased 
risk of infection.[3] The haematological findings in this group are 
very similar to those in the global ICGG Gaucher Registry cohort, 
of whom ~20 - 30% at baseline were anaemic and 50 - 70% were 
thrombocytopenic.[10]

The majority (n=20/32) of SA patients had bone pain and 
bone crisis assessment available at baseline. Among these, only 
8  patients had bone pain present and no patients had bone crisis. 
Other bone manifestation assessments (i.e. marrow infiltration, 
avascular necrosis, infarction, Erlenmeyer flask deformity, fracture) 
at baseline were available for only a few patients (≤3), which limits 
interpretation of these data. This finding contrasts with the global 
ICGG Gaucher Registry cohort of GD1 patients, among whom more 
than half reported bone pain, and radiographic evidence of avascular 
necrosis in any bone or evidence of infarction was found in ~10  - 
20%. Erlenmeyer flask deformities occurred in ~40% of all GD1 
patients and in 63% of those aged ≤10 years at onset.[10] Fractures 
were recorded in 15%.[2] It is unclear whether this difference reflects 
a genuinely low incidence of these complications in the SA cohort, or 
under-reporting.

Goals of treatment for GD1 are to eliminate or reduce anaemia-
related symptoms, bleeding and visceral complications, and to 
maintain mobility, general wellbeing and normal growth, and 
participation in school, work and social activities.[23] Management 
requires an individualised multidisciplinary approach, and ERT 
is the pharmacotherapeutic treatment of choice for symptomatic 
patients. [23,24,29-31] Imiglucerase is the most widely used ERT worldwide. 
It has revolutionised the treatment of GD and markedly improved the 
prognosis of patients with non-neuropathic forms of the disease, 
while virtually eliminating the need for therapeutic splenectomy. [25,26] 

We hope that this report of the SA cohort in the ICGG Gaucher 
Registry will contribute to the understanding of local patterns of GD 
and thereby help to improve recognition and diagnosis of patients 
with GD, and guide appropriate and effective use of treatment for 
SA patients.

Study limitations
This analysis has some limitations. Inherent to the analysis of a 
rare disease, there are a limited number of patients at a country 
level. Nevertheless, the ICGG Gaucher Registry provides the most 
extensive information available about GD patients in SA treated in 
a real-world setting. We have presented baseline data for 32 patients 
from SA sites in the Gaucher Registry who have been treated with 
imiglucerase, and the report excludes 4 untreated patients and 
13 who were treated with non-imiglucerase therapy as primary 
treatment. Although we cannot comment on these excluded patients, 
we have included baseline data for approximately two-thirds of the 
SA cohort, which is a substantial proportion of the SA GD patients in 
the registry and is likely to be representative of the group as a whole.

Owing to the observational nature of the study, the registry is 
reliant on voluntary and accurate recording of data by physicians. 

Data availability varies across clinical practice. Although there is 
a recommended schedule of assessment, each physician is solely 
responsible for determining the appropriate clinical care for each 
patient.

Conclusions
In patients with GD, early diagnosis and appropriate treatment are 
essential for reducing complications, improving quality of life and 
avoiding inappropriate procedures.[26,32] In presenting the baseline 
data for this SA cohort of the ICGG Gaucher Registry, we aim to 
raise awareness of the condition. Given that the most common 
early manifestations of the disease are haematological, GD should 
be included in the differential diagnosis of patients with anaemia 
or thrombocytopenia where an alternative aetiology cannot be 
ascertained.

The observational registry operates under real-world clinical 
practice conditions and there are no imposed protocol visits or 
procedures. Furthermore, data entry in the registry is voluntary and 
depends on personnel resources at physician sites. As a result, data 
availability varies across geographical and clinical sites. We would 
encourage physicians who manage patients with GD to enrol their 
patients into the registry and to provide and maintain accurate, 
complete and up-to-date information so that comprehensive data for 
the subset of SA GD patients can be maintained. This will help to 
enhance understanding about GD and its management in SA, and 
thereby benefit the whole GD community.
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