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A B S T R A C T   

Objective: To provide strategies for monitoring and treating severe lung involvement in Gaucher disease. 
Study design: We reviewed the chart of a 5-year-old boy who developed rapidly progressive, severe infiltrative 
lung involvement of Gaucher disease (GD) and improved after allogeneic hematopoietic stem cell transplant 
(HSCT), along with other case studies reported before December 2019. He was diagnosed with GD (homozygous 
mutation at c.1448 T  >  C, p.L483P), and started receiving enzyme replacement therapy (ERT) at 17 months 
old. He developed respiratory distress symptoms after 45 months of ERT; chest imaging reported diffuse in-
terstitial infiltration of the bilateral lungs and consolidations at the right lungs. Allogeneic HSCT using cells from 
a matched unrelated donor was performed four months upon progressive respiratory symptoms. 
Results: His respiratory symptoms subsided in one month; chest imaging improvement, pulmonary function test 
improvement, and normalized activity of β-glucocerebrosidase were reported in three months. 
Conclusion: This is the first report of a patient who received early and regular ERT but developed severe in-
filtrative lung involvement and recovered after allogeneic HSCT. Based on study results, we suggest regular chest 
imaging, even for asymptomatic patients. For patients with severe lung involvement, rapid deterioration, and 
unresponsive to higher ERT dosages, allogeneic HSCT should be considered.   

1. Introduction 

Gaucher disease (GD) (OMIM nos. 230800, 231000, and 230900) is 
an autosomal recessive disorder resulting from mutations in the glu-
cocerebrosidase 1 (GBA1) gene located on chromosome 1q21. The 
deficiency of lysosomal enzyme glucocerebrosidase (GCase) leads to the 
accumulation of glucocerebroside and other glycolipids within the ly-
sosomes of macrophages, transforming macrophages into storage cells 
named Gaucher cells. Subsequently, hyperplastic cellular responses and 
inflammatory responses arise in the surrounding tissues. Gaucher cells 
mainly infiltrate the spleen, liver, bone marrow, and the nervous 
system, and also activate a wide spectrum of cytokines that results in 
bone pain and crises. Less commonly, Gaucher cells also affect the lung 
[1]. 

GD is classically divided into three main subtypes according to the 
presence of neurological involvement, age at determination and 

progression rate. Currently, GD is viewed as a continuum of pheno-
types, and genetic testing is required for diagnosis and treatment 
planning. Specifically, the combination of four allele variants L483P 
(previously L444P), 84GG, N409S(N370S), and IVS2, account for 80% 
of the reported phenotypes worldwide [1]. 

In all GD types, major clinical manifestations include splenomegaly, 
hepatomegaly, thrombocytopenia, anemia, osteopenia, bone pain, and 
bone crises [2]. The initiation of enzyme replacement therapy (ERT) 
dramatically improved the hematologic and visceral manifestations 
within the first two years of ERT [2]. Results of a 10-year follow-up in 
non-splenectomized patients were also significant: increase in he-
moglobin levels and platelet count, decrease in liver and spleen vo-
lumes, improvement in DXA Z-scores, and reduction in bone crises [3]. 

Pulmonary involvement in Gaucher disease (GD) includes inter-
stitial lung disease, alveolar/lobar consolidation, pulmonary hy-
pertension, and hepatopulmonary syndrome [4]. It is less common than 
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visceral, hematologic, and bone manifestations. In type 1 GD, clinically 
significant lung disease is rare and pulmonary infiltration progresses 
slow, although it has been reported that 68% of the patients had mild 
lung function decreases [5,6]. Many GD type 2 and type 3 patients 
develop infiltrative lung disease over time [7], and 50% of fatal GD type 
2 cases are caused by GD-pneumopathy, GD-related aspiration, and 
aggravation of respiratory conditions [8]. Clinically significant lung 
involvement also seems more prevalent in homozygous L483P mutation 
[9,10], and patients with L483P/L483P mutation generally produce 
more severe early-onset disease that progresses rapidly if untreated 
[5,11]. 

Early application of ERT has averted many irreversible complica-
tions that are now less common such as; pulmonary hypertension, 
which is frequently seen in splenectomized patients, and hepato-
pulmonary syndrome, a complication of long-standing liver disease 
[12,13]. Infiltrative lung involvement, including interstitial lung dis-
eases and rapidly progressive lung consolidation, is caused by Gaucher 
cells infiltrating the perivascular, peribronchial, septal regions, and 
alveolar air spaces [5,14,15]. Currently, the disease course of in-
filtrative lung involvement is unclear. The treatment effect of ERT in 
reversing lung disease is generally poor, and its ability to prevent pa-
tients from developing lung involvement is unclear. The alternative 
treatment for GD, Eliglustat, a substrate reduction therapy (SRT), was 
only indicated for adult patients with GD type 1. Miglustat, another 
SRT, may have positive results on pulmonary function but failed to 
show improvement in neurological manifestations [16]. Allogeneic 
hematopoietic stem cell transplantation(HSCT), the only curative 
treatment for GD, is effective in alleviating most GD manifestations: 
improvements in hematological profile, regressing the size of re-
ticuloendothelial organs, reducing skeletal problems, and even ar-
resting neuropsychological deterioration in some [17,18]. Nevertheless, 
HSCT is less considered as a treatment option for GD type 1 and even 
GD type 3 because of the substantial risk and the general success of ERT 
and SRT for controlling the common clinical manifestations of GD. In 
severe lung involvement of GD which has suboptimal response to ERT 
and SRT, however, the effect of HSCT has not been well documented, 
despite that Starer et al. in 1987 discussed a GD type 1 patient whose 
clinical symptoms subsided and pulmonary infiltrates were cleared in 
18 months after allogeneic HSCT [19]. Also, no other published studies 
have presented the outcome of allogeneic HSCT for GD with severe lung 
involvement despite regular and early ERT. 

Here, we describe the first patient that developed rapidly pro-
gressive symptomatic lung involvement while receiving ERT regularly 
from the age of 17 months. He was previously described in a case report 
in MGM Reports in 2019 [20], and the later development of ERT-re-
sistant lung disease treated successfully with allogeneic HSCT will be 
discussed in this report. We also describe a younger brother of the 
patient with GD who was started on ERT earlier and in higher dose than 
his brother and in whom, despite the presence of radiologic lung ab-
normalities continues free of respiratory symptoms. 

2. Methods 

We assessed two GD brothers (patients A and B) with biallelic mu-
tations at c.1448 T  >  C, p.L483P, who developed infiltrative lung 
disease while being treated with ERT early and regularly. We compared 
their normalized hemoglobin and platelet levels, growth development 

percentile (before the HSCT of patient A who developed severe lung 
involvement), liver, and spleen sizes. We also evaluated the lung biopsy 
pathology, follow-up chest X-ray (CXR), and high-resolution computed 
tomography (HRCT) images. We reviewed and summarized outcome 
studies before October 2019 of all patients with GD infiltrative lung 
disease, including interstitial and alveolar involvement, who had been 
treated with ERT. The review was based on the search through PubMed 
with the query “Gaucher disease AND pulmonary” and references in 
retrieved published studies, with the exclusion of patients reported to 
be GD type 2. 

3. Results 

As previously reported, patient A was diagnosed with Gaucher 
disease at the age of 17 months, with a genetic study showing homo-
zygous mutation at c.1448 T  >  C, p.L483P. He initially presented with 
hepatosplenomegaly, anemia, thrombocytopenia, and delayed devel-
opmental milestones. A leukocyte enzyme assay showed decreased β- 
glucocerebrosidase activity (1.5 μmol/L/h; reference, > 7.5 μmol/L/h). 
The bone marrow cytology revealed the typical feature of wrinkled- 
paper cytoplasm in CD68+ histiocytes. 

After six months of ERT (imiglucerase 60 IU/kg) given every two 
weeks, his clinical signs and lab data improved: decrease spleen volume 
(24.3 to 8 times the normal spleen volume by age), decreased liver 
volume (3.9 to 2.3 times the normal liver volume by age), increased 
hemoglobin (8.8 g/dL to 11.6 g/dL), increased platelet count (85,000 
/μL to 118,000 /μL), and increased body weight from < 3rd percentile 
to the 15–50 percentile range. The repeated bone marrow smear re-
vealed restoration of cellularity and moderately decreased infiltration 
of Gaucher cells. No neurological signs were observed at that time. 

At the 20th month of ERT when he was 3 years 1 month old, a 
regular abdominal Magnetic Resonance Imaging (MRI) reported a 
3.5 × 2.3 cm hypointense lobulated mass at liver S5 and S6 under T1 
weighted MRI scan, and clustered enlarged lymph nodes at the me-
senteric and inguinal regions. The repeated bone marrow examination 
showed no evidence of a concurrent hematologic malignancy. The pe-
diatric surgeon suggested a liver wedge resection of the S7 and S8 
segment, and lymph node sampling and the pathology report identified 
Gaucheromas and Gaucher cell infiltrated lymphadenopathy. Upon di-
agnosis of Gaucheroma, the ERT dosage was doubled to 120 IU/kg/ 
2 weeks. After eight months of ERT 120 IU/kg/2 weeks, all 
Gaucheromas remained the same size and we reverted to the dosage of 
60 IU/kg/2 weeks, according to the reimbursement policy of National 
Health Insurance in Taiwan. 

Unfortunately, at the age of 5 years 2 months, after receiving 
45 months of ERT treatment, he presented with mild tachypnea and 
persistent productive night cough. His body weight also dropped below 
the 15th percentile. CXR showed diffuse reticular interstitial infiltration 
over both lung fields and consolidative patches over the right lung field 
and left lower lung field (Fig. 1. A-2). He received Augmentin for a 
positive urine streptococcus antigen. Bronchoalveolar lavage by flexible 
bronchoscopy was completed to rule out Gaucher disease with pul-
monary involvement, and the cytology study of the lavage was negative 
for Gaucher cells. However, the disease progresses rapidly in sub-
sequent months (Fig. 1. A-3). Pulmonary function tests reported mod-
erate restrictive lung disease (FVC 53.1%, FEV1 53%, PEF 32.7%, 
FEF25-75% 35.9%). The HRCT image displayed diffuse interstitial 

Fig. 1. CXR of patient A. 
A-1: Two years before the discovery of lung 
involvement. 
A-2: Discovery of lung involvement. 
A-3: Three months after the discovery of 
lung involvement. 
A-4: One month after allogeneic HSCT. 
A-5: Three months after allogeneic HSCT. 
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infiltration at bilateral lungs with geographic ground-glass opacities 
and thickening of the bronchovascular bundle and interlobar fissure, 
and also consolidations mainly at the right upper and lower lungs 

(Fig. 2. A-6 and A-7). Therefore, a right lower lung wedge biopsy re-
section was performed, and the pathology report indicated an accu-
mulation of histiocytes in alveolar spaces as well as in interstitium 
connective tissue, compatible with pulmonary involvement of Gaucher 
disease. The histiocytes contained pale to lightly eosinophilic cytoplasm 
with a wrinkled-paper appearance and were immunoreactive for CD68- 
PGM1 and CD163, and positive with Periodic acid–Schiff stain (PAS) 
(Fig. 3.). Four months after pulmonary involvement was discovered, 
allogeneic HSCT using the bone marrow from a 10/10 HLA-matched 
unrelated donor was performed to control the accelerated deterioration 
of the lung (Fig. 1., A-2 to A-3). He was conditioned with a myeloa-
blative chemotherapy regimen of busulfan, cyclophosphamide, anti- 
thymocyte globulin, cyclosporin A, and short-course methotrexate, 
which were used as graft-versus-host disease (GVHD) prophylaxis. 
Neutrophils and platelets were grafted on day 16 and day 30, respec-
tively. Despite gut GVHD and Cytomegalovirus (CMV) antigenemia 
complications, which resolved after steroid and anti-viral agents usage, 
the intractable cough and shortness of breath dramatically subsided one 
month after allogeneic HSCT, while pulmonary alveolar infiltration and 
ground-glass opacity remarkably improved in three months (Fig. 1., 
CXR A-4 to A-5). However, the gaucheroma in liver remained the same 
size. No CNS involvement was observed. Pulmonary function tests im-
proved significantly seven months post-HSCT, with the following re-
sults reported: FVC 53.1% ➔ 71.2%, FEV1 53% ➔ 64%, PEF 32.7% ➔ 
42.1%, FEF25-75% 35.9% ➔ 40.5%. β-glucocerebrosidase (acid beta-D- 
glucosidase, ABG) levels also confirmed that disease activity had 
markedly decreased: 0.42 μmol/L/h before HSCT, and 33.01 μmol/L/h 
two months after HSCT (reference range: > 7.5 μmol/L/h). The Lyso 
GL1 level was 100 ng/ml at the 50th month of ERT, and was 35 ng/ml 
eight months after HSCT (reference range: < 1.0 ng/ml). 

Patient B, the younger brother of patient A, was also found to have a 

Fig. 2. Chest CT of patient A. 
A-6, A-7: Discovery of infiltrative lung involvement. 
Diffuse interstitial infiltration at bilateral lungs, with geographic ground glass 
opacities at bilateral lungs, consolidations mainly at RUL and RLL, and thick-
ening of bronchovascular bundle, interlobar fissure at bilateral lungs. 
Infiltrative soft tissue lesions at right upper paratrachea, bilateral lower para-
trachea, prevascular space, subcarina, AP window, bilateral pulmonary hilum, 
paraesophageal space, and along the proximal bronchovascular bundle. 

Fig. 3. The lung tissue from open biopsy showed accumulation of histiocytes in alveolar spaces as well as in interstitium connective tissue. The histiocytes contain 
pale to lightly eosinophilic cytoplasm with wrinkled-paper appearance. The histiocytes are immunoreactive for CD68-PGM1 and CD163 and positive with PAS. 
1. H&E staining 200×: accumulation of histiocytes in the alveolar spaces and interstitium. 
2. H&E staining 400×: accumulation of histiocytes in the alveolar spaces and interstitium. 
3. CD163 400×: positive. 
4. CD68 400×: positive. 
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homozygous mutation of L483P at gestational age 19 weeks by am-
niocentesis when his elder brother was diagnosed with Gaucher disease. 
A leukocyte enzyme assay also showed a decreased β-glucocer-
ebrosidase activity of 0.01 μM/L/h after birth. His hematologic profile 
was normal at five months of age, but hemoglobin 6.6 g/dl and platelet 
count 104,000 /μL were reported at nine months old (normal range: 
hemoglobin > 9.5 g/dl, platelet count > 150,000 /μL). ERT was started 
promptly thereafter. 

At the 30th month of ERT when he was 3 years and 5 months old, 
his CXR showed reticular infiltration over bilateral lung fields, with 
increased perihilar infiltration and suspicious consolidative patchy over 
bilateral lower lung fields (Fig. 4. B-1). HRCT reported peribronchial 
consolidations and opacities at the posterior segment of right upper 
lung (Fig. 5. B-3 and B-4). Abdominal MRI reported hepatomegaly and 
splenomegaly, but no gaucheroma was evident. No neurological signs 
were observed. Thus, we increased the ERT dosage to 100 IU/kg/ 
2 weeks, and his 11-month follow-up CXR showed mild regression in 
interstitial infiltration (Fig. 4. B-2). Throughout the treatment course, 
he denied any respiratory symptoms and had normal pulmonary func-
tion tests (FVC 97.3%, FEV1 96.6%, FEV 0.5/FVC % = 95.97%). 

4. Discussion 

This is the first GD patient who received early and regular treatment 
with the standard ERT dose and still developed a rapidly progressive 
severe infiltrative lung disease that resolved completely after successful 
allogeneic HSCT from a matched unrelated donor. 

We also reviewed GD patients with infiltrative lung disease before 

October 2019. A synopsis of all patients who received ERT, excluding 
those reported to be GD type 2 is presented in Table 1 [21–23]. 

ERT effects of the GD type 1 patients that underwent splenectomy 
varied [24–28]. The 19 non-splenectomized patients who were 
asymptomatic but revealed infiltrative findings on CXR or HRCT re-
mained stable both clinically and radiologically with ERT treatment in 
the follow-up time up to eight years, regardless of prior-ERT receipt 
[13,29–31]. Among symptomatic non-splenectomized patients that 
started ERT after lung involvement was diagnosed, seven reported 
stable disease condition or partial improvements with ERT [13,32,33], 
and only one patient had disease progression [32]. Khalifa et al. re-
ported seven symptomatic patients and suggested initial improvement 
by increasing dosage to 120 U/kg/2 weeks, although the commence-
ment of ERT before lung involvement was not reported in the paper 
[34]. The three symptomatic patients who developed lung involvement 
while receiving ERT, however, reported deteriorated pulmonary func-
tion with ERT and one of them died after a year [35,36]. 

Previous research had suspected poorer accessibility of the infused 
enzyme to lungs according to autopsy findings in some patients. Burrow 
et al. reported a 12.5-year-old GD type 3 patient with 11 years of ERT 
whose autopsy revealed clusters of macrophages and very elevated 
glucosylceramide (GluCer) and glucosylsphingosine (GluS) levels in the 
lungs and lymph nodes, while the liver and spleen were clear of storage 
cells and had nearly normal GluCer and GluS levels [36]. Most autopsy 
cases in pathological studies reported Gaucher cells in the interstitial 
tissue and alveoli lumen, including patients who received enzyme 
therapy with relative systemic efficacy [8]. A study with a GD type 1 
mouse model also reported a decrease from pre-ERT GL-1 levels in liver, 
spleen and lung of 80%, 60%, and 30% respectively. Thus, the lung 
response was less robust than in either liver or spleen. Additional de-
ployment of an experimental SRT following ERT markedly enhanced 
the response in lung [37]. 

The effectiveness of ERT in the lungs should be further studied since 
there are symptomatic patients that developed infiltrative lung disease 
while receiving ERT, and some deteriorated rapidly even with increased 
ERT dosages. It would also be worthwhile to research ERT's pharma-
cologic mechanism and clarify the turnover of exogenous enzyme and 
the residual catalytic activity of unstable enzyme variants in the lung 
[5,25]. Zimran et al. also recommended future improvements in ERT, 
such as increasing delivery to the storage cells, blocking enzymes from 
being diverted to other cells, and increasing longevity of enzymes [38]. 
Additionally, since many patients possessed at least one L483P muta-
tion, we suggest that future studies identify genetic, ethnic, and en-
vironmental factors to advance the treatment consensus for GD in-
filtrative lung diseases, especially symptomatic and fast-deteriorating 
infiltrative lung involvement, for which further evaluation and longer 
follow-up will be needed. 

Based on our patient, we suggest that allogeneic HSCT should be 
considered as a treatment option for patients with rapidly progressive, 
severe infiltrative lung involvement who have already received stan-
dard or higher doses of ERT. 

Most importantly, it might be helpful to regularly follow up lung 
image in GD patients, possibly twice a year, regardless of the presence 
of clinical symptoms or signs. The previous reports show that patients 
without respiratory symptoms remained clinically stable for years, 
while symptomatic patients might have accelerated deterioration of 
lung involvement even when treated with ERT and subsequently de-
velop a lethal condition within months. The presence of lung imaging 
and histological changes in the lung would guide medical providers to 
proactively intervene with alternate treatments. 

5. Conclusions 

This is the first reported patient who received early and regular ERT 
but still developed severe infiltrative lung involvement that was con-
trolled after allogeneic HSCT. Early and regular ERT still has some 

Fig. 4. CXR of patient B. 
B-1: Lung involvement found on the image with no respiratory symptoms after 
30 months of ERT (60 IU/kg/2 weeks). ERT dosage was then increased to 
100 IU/kg/2 weeks. Reticular infiltration over bilateral lung fields, with in-
creased perihilar infiltration and suspicious consolidative patchy over bilateral 
lower lung fields. 
B-2: 11 months after treatment with higher dose ERT (100 IU/kg/2 weeks). 
Patient B still presented with no respiratory symptoms and normal pulmonary 
function tests, radiologic findings were mildly improved. Increased interstitial 
infiltration noted over the bilateral lung field, with prominent pulmonary 
vasculature. 

Fig. 5. Chest CT of patient B, 1 month after lung involvement was discovered 
on CXR. 
B-3, B-4: Peribronchial consolidations and opacities at the posterior segment of 
RUL. Confluent soft tissue nodules at subcarina, bilateral pulmonary hilum, 
interlobar space/proximal bronchovascular bundle, and retroperitoneum, me-
sentery root. 
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limitations in controlling the infiltrative lung involvement of Gaucher 
disease. Based on the experiences of our patients and literature review, 
regular chest imaging follow up for both symptomatic and asympto-
matic patients, possibly biannual chest X-rays, might be helpful for 
Gaucher disease management. Additionally, for patients with severe 
rapidly deteriorating lung involvement, allogeneic HSCT might be a 
useful consideration to alleviate this severe condition. 
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A-8, A-9: 7 months after HSCT. Significant regression. 
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