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Introduction

Gaucher disease (GD, OMIM230800) is a rare disease
with an incidence ~1:70,000 live births in general popula-
tion and around 1:110,000 in Spain (www.feeteg.org)
[1, 2]. GD is an autosomal recessive lysosomal storage
disorder caused by a deficiency of acid-B-glucosidase
(glucocerebrosidase) [3] secondary to a mutation in the
encoding gene localized in the chromosome region 1q21.
The glucocerebrosidase enzyme (GCase) is responsible for
the cleavage of the glucosylceramide (GC), a common
substrate from the degradation of cell membrane from
aged blood cells. This deficiency leads an accumulation of
GC into the macrophages; these GC engorged macro-
phages know as Gaucher’s cells can be founded in the
spleen, liver, and bone marrow [1]. The disease manifes-
tation is widely heterogeneous [4] and include cytopenias,
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Key Clinical Message

Report a female diagnosed as type 1 Gaucher disease after a femoral pathologic
fracture when she was 55 years old. Enzyme replacement therapy was started,
and she achieved therapeutic goals. In 2015, a Ph> CML with numerous
pseudo-Gaucher cells in bone marrow appears. BCR/ABL was not present at

Chronic myeloid leukemia, enzymatic replacement therapy, Gaucher disease,
tyrosine kinase inhibitors.

spleen and liver enlargements, bone affectation, and, in
some patients, neurological symptoms. In Western
countries, majority of patients are type 1 GD (GD1),
defined by the absence of neurological involvement [1, 2].

There are two main therapy approaches, the enzyme
supplementation and the decrease the substrate formation
rate. The enzyme replacement therapy (ERT) is not a
curative therapy, but has been demonstrated to be a cost-
effective therapy to control hematological parameters,
biomarkers, visceral, and bone infiltration and avoid com-
plications in treated patients [5-7]. The substrate reduc-
tion therapy (SRT) is based in the inhibition of the
enzyme glucosylceramide synthase avoiding the formation
of the GGC; it is also a noncurative therapy with few
patients’ restrictions depending on the used medication
but with good results controlling the disease manifesta-
tions [8-10].
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GD1 patients and mutations carriers have been associ-
ated with more risk to developed Parkinson disease, and
GD1 patients can present pulmonary hypertension,
cholelitiasis, and hypergammaglobulinemia. Also, an
increased risk of clonal hematological process, specially
multiple myeloma and monoclonal gammopathy of unde-
termined significance (MGUS) and other malignancies,
has been described [11, 12].

Chronic myeloid leukemia (CML) (OMIM608232) is a
myeloproliferative neoplasm secondary to an acquired
translocation between chromosomes (9;22) that causes an
small chromosome called Philadelphia (Ph), in more than
95% of cases, this translocation encoding the BCR-ABL
fusion gene that produces an endogenous activated tyro-
sine kinase enzyme [13].

The CML is also a rare disease, with an estimated inci-
dence of 1-2 cases per 100,000 inhabitants. It was the first
neoplasm with a unique genetic basis and with an effec-
tive oral target therapy; the BCR-ABL tyrosine kinase
inhibitor (TKI) imatinib, the second-generation TKI inhi-
bitors have changed the prognosis of the disease permit-
ting to achieve a cytogenetic and molecular response,
improving the patients’ survival. The achievement of the
complete cytogenetic response (CCyR) has associated with
similar survival to general population, and it becomes the
most important achieved goal. Most of patients whom
achieve a CCyR maintain their response, but eventually,
some patients required changes in TKI therapy due to
toxicities, loss of response or progression to accelerate,
and/or blastic phases [14, 15].

There are only two CML cases reported on GD1 popu-
lation in PubMed (accessed 04 January 2018), both of
them occurred previous to the imatinib era [16, 17].
Here, the first case of a chronic phase CML diagnosis in a
patient with GD1 who receive both ERT and TKI therapy
is presented with the aim to provide new information
regarding safety and management issues when both con-
ditions require simultaneously therapy.

Case Report

Gaucher disease diagnosis and therapy

A woman was diagnosed when she was 55 years old as type
1 Gaucher disease due to a femur pathologic fracture. At
diagnosis, the patient presented with low platelets count
(Hb 11.8 g/dL, platelets 49.0 x 10°/L), and moderate vis-
ceral enlargement (liver 4 cm and spleen 5 cm palpable
bellow costal margin). Bone assessment by MRI revealed a
diffuse infiltration on dorsal and lumbar vertebrae, pelvis
and femurs, and also multiple focal lesions on spleen and
marked osteoporosis. Bone marrow biopsy showed infiltra-
tion by Gaucher’s cells, and the enzymatic assay confirmed
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a lower GCase activity (0.93 nmol/L/mgprot.h, 12% respect
to control); the biomarkers were highly elevated: chi-
totriosidase (CHT) 16,608 nmol/L/mL/h and CCL18/
PARC 1969 ng/mL. The genotype was [N370S]+[L444P],
the most common on Spanish population [1].

GD therapy and follow-up

Following the diagnosis, the patient initiated ERT (60
Ulkg/every other week (eow) during the first year, then
40 U/kg/eow) normalizing her blood counts at 6 month,
decreasing the biomarkers (CCL18: 722 ng/mL and CHT:
1262 nM/mL/h). She get normalizing the visceral size after
1 year on ERT; the bone marrow infiltration progressively
decreased until a fully clearance of vertebral and pelvis
after 2 years on ERT. At present, the patient with minimal
Gaucher disease activity is receiving ERT during almost
10 years with persistence of osteopenia specially in spine.

CML diagnosis

In May 2015, at 65 years, the patient was asymptomatic,
but she was presenting a persistent leukocytosis with mye-
locytosis and basophilia (Fig. 1), WBC: 23.43 x 10°/L
hemoglobin  14.8 g/dL, Platelets 202 x 10°/L. LDH
1874.0 U/L (219.0-439.0), ALT 59.0 U/L (5.0-40.0), AST
79.0 U/L(5.0-40.0), GGT 323.0 U/L (5.0-36.0). The bone
marrow examination was observed granulocyte hyperplasia
and numerous pseudo-Gaucher’s cells (Fig. 2). The genetic
study reveals the presence of Ph chromosome in 95% of
analyzed metaphases and the molecular study BCR-ABL
p210 transcript with negativity for JAK2 mutation. A bone
marrow MRI was performed showing an infiltrative patron
with hypointensity signal in T2 (Fig. 3). With all these
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Figure 1. Peripheral blood smear: leukocytosis with myelemia and
basophyilia: myelocytes 8%, metamyelocytes 6%, bands 1%,
neutrophils 695, lymphocytes 8%, monocytes 6%, basophils 2%.
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Figure 2. Bone Marrow aspiration. W-G. 20x. Gaucher cells and hypercellularity with granulocytic hyperplasia.

Figure 3. Bone Marrow image examination. MRI (T1-T2). Infiltration
by Gaucher cells and hematopoietic hyperplasia. Joint left hip
replacement.

data, the diagnosis of CML on chronic phase was made
(Sokal score 0.7, low risk). A molecular study has been per-
formed in the stored samples at diagnosis of GD showed
negativity for BCR/ABL transcripts at this time.

CML therapy

In July 2015, patient started imatinib therapy (400
mg/daily); at the same time, she was continuing on ERT
at 40 U/kg/eow. The key optimal milestones used during
her follow-up were based ELN recommendations 2013;
they were as follows: complete hematologic response
(CHR) at 1 month; complete cytogenetic response
(CCyR, <1% of Ph+) at 6 months; and major molecular
response or MR3 (<0.01% transcript) at 12 months.
Despite these good initial outcomes after 18 months of
therapy, a mutation in ABL (p.Tyr342His (Y342H) with
resistance to Imatinib was detected. In January 2017, she
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Table 1. Cytogenetic, molecular, and GD biomarkers evolution.

Cytogenetic/ GD biomarkers
molecular CHT (nmol/mL/h)/
Follow-up  response CML therapy CCL18 (ng/mL)
CML Dx 95% Ph+ 1692/722
1 month CHR Ima 400 mg/day
3 months  12%, PCyR; Ima 200 mg/day,
19% restarted
400 mg/day
6 months  CCyR; 0.3%, Ima 400 mg/day 361/492
MR2
9 months  CCyR; 0.18%, Ima 400 mg/day
MR2
12 months CCyR; 0.15%, Ima 400 mg/day 400/478
MR2
18 months  Mutation: Dasatinib 100 668/256
p.Tyr342His mg/day
(Y342H).
24 months CCyR; 0.09% Dasatinib 100 412/200
MR3 mg/day
30 months CCyR; 0.05% Dasatinib 100 563/209
MR3 mg/day

Dx, diagnosis; CML, chronic myeloid leukemia; CHT, chitotriosidase;
PCyR, partial cytogenetic response, CCyR, complete CyR; MR2, -2 log
reduction on BCR-ABL/ABL transcript level.

changed TKI therapy to dasatinib 100 mg/day, and her
ratio BCR/ABL after 1 year of therapy is 0.05%. The
detailed cytogenetic, molecular response, and lysosomal
biomarkers are detailed in Table 1.

Discussion

Preliminary studies in GD population reported in 1982
[18] and 1993 [19] have found that 54% of the deaths
were secondary to cancer. Compared to controls, GD
patients showed an overall 3.6-fold increase risk to
develop any malignancy with 14.7-fold increase for
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hematological malignancies. This observation is supported
by 15 cross-sectional cohort studies and 65 case reports
and series [11, 20]. These different works detected a gen-
eral increased risk for cancer in GD population (pooled
relative risk of 1.7-1.27-2.31-) [21-23] with special men-
tion to hepatocellular and renal carcinomas and also
reported an increased risk for multiple myeloma (esti-
mated relative risk: 25.0-51.1) and for hematological
malignancies in general [21, 22] with an estimated relative
risk (RR) of 3.5-12.7 [22, 23]. Furthermore, the report
from the international collaborative Gaucher group reg-
istry (ICGGR) has also reported an increased risk for
multiple myeloma (RR = 5.9) but not for overall cancer
(RR = 0.79) [24].

The interest on myeloid malignancies incidence of Gau-
cher disease patients has generated few case reports in
PubMed [19, 23], and only two described a CML case,
one in 1982, previous to the availability of ERT and TKI
in a patient who progress to blastic crisis [16], the second
case was published in 1998 from a non-Ashkenazy patient
diagnosed of CML in 1988, after diagnosis, the patient
started busulfan therapy for CML, but an increase on bone
symptoms was recorded and due to the availability of ERT
the patient started ERT with good outcomes [17]; in both
reports, the increased turnover rate of leukocytes increased
the accumulation of GC, the number of Gaucher’s/
pseudo-Gaucher cells, and a worsening on GD symptoms.
In the case here presented, a key classical diagnostic fea-
ture of CML was founded during the initial assessment,
the presence of pseudo-Gaucher cells. The pseudo-Gau-
cher cells are morphologically similar to those seen in the
hereditary GD. The accumulation of GC in CML patients
(not suffering from GD) may be the result from a mark-
edly increase in the granulocyte production with a shorter
life span, this high turnover of the myeloid population
leads to an overproduction of GC which results in an
insufficiency of the macrophages to metabolize it.

The cellular and molecular bases to understand the
pathogenesis of cancer in GD population are not eluci-
dated [25, 26]. Some authors suggest this association is
product of an intrinsic feature of GD [23] while other also
implicates the used (ERT) therapy [27]. However, the
impact of ERT on this cancer—GD association has not
been established [26]. The diagnosis of cancer preceded
ERT in 70% of reported patients, but as the use of ERT,
the incidence of cancer in patients exposed or no to ERT is
similar (4.6% and 4.4%) [24], this made unlikely that ERT
per se increase (or decrease) the overall risk for cancer.

The age is an important general risk factor for cancer
development [25]. The median age at general cancer diag-
nosis is 53 years (range 10-76) [22], and about 65% of
all reported cancers occurs in patients older than 50 years
[24], also, the incidence of gammopathies, specially
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Multiple Myeloma is highly related with elderly, one
report mention that in people over 70 years, MM was the
diagnosis in almost 31% of them.

Other identified risk factors for cancer in GD patients
include splenectomy, chronic inflammation status, and an
activated B-cell function as result of substrate accumula-
tion [11, 27], deregulated T-cell function, augmented
macrophage activation with disruption of antigen presen-
tation process, and other modifiers genes [28]. The muta-
tion N370S is the most commonly reported in the ICCG
registry [4], in homozygosis is associated with a mild GD,
but also an association with a high risk of cancer has been
mentioned [23, 29].

The therapy with TKI is the current gold standard for
chronic phase CML as the presented case. Imatinib is the
first developed TKI; the acquired advantage on survival
and rate of progression has permitted that CML patients
exhibit a near normal life span [30]. However, cases with
primary resistance have been described; one of the mech-
anism for this primary resistance is mediated by glycopro-
tein binding that block the imatinib linkup to the kinase,
at this point glucosylceramide synthase (GCS), the
enzyme that produces the glucocerebroside, may be
implicated [31, 32].

The proposed role of glycosphingolipids in carcinogen-
esis is based on the ability of sphingolipids to promote
DNA/chromosomal damage, activate proliferative path-
ways, and upregulate some drug resistance genes [33-35].
Two main sphingolipids, ceramide and sphingosine, are
involved in the pathways of proliferation and apoptosis
[35]; ceramide has been described as proapoptotic media-
tor while sphingosine has been implicated in cell survival
and proliferation process [35,36].

Some reports indicate that the cell clearance of cera-
mide is related with the drug resistance, and few cera-
mide-based therapies are emerging as potent anticancer
agents [34]. Ceramide is a precursor to many complex
sphingolipids such as glucosylceramide (GC). Therefore,
therapies that increase the ceramide level in the cells, as
ERT, could be useful and even speculatively the inhibition
of the GCS by substrate reduction therapy also could be
useful, based on this observation. The reported patient is
receiving ERT with good outcomes for GD management,
and based on the literature reviewed; there are no reasons
to stop the therapy during TKI treatment.

The case here described, is the first case of a type 1
Gaucher Disease patient receiving concomitantly TKIs
and enzyme replacement therapy.

Conclusion

Patient with Gaucher disease exhibits an increased overall
risk for cancer, of them, multiple myeloma and B-cell
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neoplasms are the most diagnosed while myeloid malig-
nancies, like chronic myeloid leukemia, are rare condi-
tions, actually (30 December 2017), there are only two
entries in PubMed, this is the first CML case in a GD
patient diagnosed in the TKI era.

There are many unmeet needs to understand the impli-
cation of sphingolipids on cancer development and their
future implication for target therapy in especial the strate-
gies to increase the ceramide level on cancer cells offers
good approaches.

The presented case has receiving enzymatic replacement
therapy, and TKIs for treat both conditions simultane-
ously during the combination of both therapies do not
implicates an increase on side effects, the management
needs to be careful to achieve the best outcome in both
condition.
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