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ABSTRACT:  

Managing the multisystemic symptoms of type I Gaucher Disease (GD) requires a 

multidisciplinary team approach that includes disease-specific treatments, as well as 

supportive care. This involves a range of medical specialists, general practitioners, 

supportive care providers, and patients. Phenotype classification and the setting of 

treatment goals are important for optimizing the management of type I GD, and 

providing personalized care. The ability to classify disease severity using validated 

measurement tools allows the standardization of patient monitoring, and the 

measurement of disease progression and treatment response. Defining treatment goals is 

useful to provide a benchmark for assessing treatment response, and managing the 

expectations of patients and their families. Although treatment goals will vary 

depending on disease severity, they include the stabilization, improvement or reversal 

(if possible) of clinical manifestations. Enzyme replacement therapy (ERT) is the 

standard care for patients with type I GD, but a novel substrate reduction therapy (SRT), 

Eliglustat has demonstrated safety and efficacy in selected patients. To ensure that 

treatment goals are being achieved, regular, comprehensive follow up is necessary.  
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Introduction 
Gaucher disease type I (GD) (OMIM 230800) is a rare autosomal recessive condition 

within the group of lysosomal diseases caused by mutations in the GBA gene encoding 

the enzyme acid B-glucosidase or B-glucocerebrosidase (EC 3.2.1.45) [1]. A complete 

or partial deficiency of this protein results in the accumulation of glucosylceramide 

(GC) into the macrophages of the reticuloendothelial system. GC represents the last link 

in the chain degradation of complex lipids, which are part of the membranes of 

senescent hematologic cells.  Accumulation affects the liver, spleen, and bone marrow. 

The most frequent clinical subtype of GD is type I, characterized by marked variability 

in phenotypic expression and lack of neurologic involvement (except some cases with 

Parkinsonism). Type II is less common and is characterized by rapidly progressive 

neurovisceral storage disorders and early death. Type III is less rapidly progressive but 

also involves neurovisceral problems and premature death [2]. 

After diagnosing a patient with Gaucher disease, clinical management has two aims: 1) 

how to optimize the management and follow-up of the patient when there is a variety of 

specialists involved in patient care, and 2) in particular, how to achieve a balance 

between standardized or individualized treatment. In this paper I will try to answer if a 

multidisciplinary approach improves the management of patients with Gaucher disease, 

and to what extent. What does “multidisciplinary team” mean? If we search in a online 

dictionary (http://www.businessdictionary.com/) the definition of this topic is, “A group 

composed of members with varied but complementary experience, qualifications, and 

skills that contribute to the achievement of the organization's specific objectives.” But I 

believe that a better description is found using the term “multifunctional team”: all 

members are <<working together>>. From a historical point of view, the first teams that 

began to care for patients using a multidisciplinary approach were Oncologists, and it is 

now a widely held view that the treatment of most cancers has benefitted from this 

integrated approach. In addition, patient satisfaction and efficiency are improved [3-4]. 

If this is true for cancer, should we copy this model for GD ? 

To elaborate this article we perform a PubMed advanced search using the keywords 

"multidisciplinary" and "Gaucher", without finding any reference. Then, we selected the 

most important articles written from 1990 to today. 
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Optimizing management and follow-up of patients with type I Gaucher Disease  
In GD there are a number of critical points in the management of patients which have 

been described by previous authors [5]:  1) To make an accurate enzymatic diagnosis 

and conduct a detailed medical and family history; 2) to offer appropriate genetic 

counselling, 3) to test for the severity of the mutations present in the GBA gene, 4) to 

conduct a precise phenotypic classification and quantification, 5) to plan treatment 

goals, and 6) to implement “personalized medicine” (Figure 1). 

 

Figure 1: optimized management of Type I Gaucher disease patients. 

 

1. Enzymatic analysis: in GD, this represents the only method for a confirmed 

diagnosis. Detection of a low enzymatic activity of acid β-glucosidase in peripheral 

blood leukocytes compared with health controls is the “gold standard” for diagnosis, 

and not bone marrow aspiration [6-7]. But the downside of this technique is that it does 

not allow the identification of healthy carriers.  

2. Genetic Counselling: Due to the characteristics of the GBA gene and its pseudogene, 

as well as to the most frequently used diagnostic techniques prior to the standardization 

of mass sequencing, it is especially important to carry out a complete family study. This 
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is especially important in prevalent mutations such as c.1226A>G (N370S) and 

c.1263del55 (55 bp deletion in exon 9) [8].  

GD is an autosomal recessive condition, but challenges in providing Genetic 

Counselling for an autosomal recessive inheritance are 

(http://staff.washington.edu/sbtrini/Genetic%20Concepts%20and%20Skills/Autosomal

%20Recessive%20Inheritance.pdf): 1) Lack of family history; 2) Occasionally, 

autosomal recessive conditions occur in sequential generations; 3) If the biologic father 

of an affected individual is someone other than the person assumed to be the father, 

misleading carrier test results might occur (the apparent father would usually not be a 

carrier) and risk of additional affected children could be misstated; 4) Possibility for the 

phenomenon called “uniparental disomy”. 5) Although rare, de novo mutations can 

account for ~1% of gene mutations. 

3. Severity of mutations: obviously, mutations that cause a truncated protein or an 

alteration in protein stability are the most serious. But in the impact of acid B-

glucosidase has been studied using protocols of site-directed mutagenesis and 

expression of mutant alleles in different cells, providing information about residual 

enzymatic activities [9]. Recently we published a study in Spanish GD patients 

involving the phenotype (at diagnosis) and the genotype correlation according the 

residual enzymatic activities [10]. We found that, at least in Spanish population, a lower 

residual activity results in a more severe phenotype and vice versa, and the absence of 

this correlation in some siblings can be attributed to epigenetic phenomena and the 

existence of modifier genes [11]. 

4. Phenotypic quantification: quantification of the phenotype is the most important tool 

for generalised and personal assessment. In 1992 Professor A. Zimran published the 

Severity Score Index (SSI), useful for type I, II, and III GD patients. This score 

facilitates the classification of GD patients into those with mild (<10 points), moderate 

(11-25 points) or severe (>25 points) disease, and it has a great utility at the point of 

diagnosis [12]. In 2008 Professor Di Rocco published the Gaucher Severity Score Index 

for type I patients (GauSS-I). GauSS-I involves a maximum of 42 points distributed 

over six domains (skeletal, haematological, biomarkers, visceral, lung, and 

neurological) with unequally weighted parameters that allows its use each time that 

patients come to the clinic [13]. Recently, Professor Weinreb published a very simple 
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score in 2010: the Gaucher Disease type I severity scoring system (GD-DS3), which 

focuses on bone, hematologic, and visceral aspects. This has proven a useful computer-

based tool which with a maximum of 19 points after the addition of the averages for 

each domain [14]. These scoring systems are excellent instruments for quantifying the 

phenotype and response to therapy or change of dosage. Additionally, biomarkers can 

assist in the diagnosis and long term monitoring of type 1 GD, often providing an early 

warning signal of disease complications. Biomarkers are proteins that arise from 

Gaucher cells, and their plasma levels offer insights into total disease burden. 

Irrespective of the investigation into new biomarkers, chitotriosidase [15], 

CCL18/PARC [16], and recently Glucosylsphingosine, are the most useful [17]. 

5. Treatment goals: Generally speaking, the objectives in GD are to: 1) stabilize, 2) 

improve, and 3) reverse (if possible) clinical signs and symptoms. In 2004 Professor 

Pastores published therapeutic goals for type I GD patients [18] (Figure 2). These 

recommendations were recently revised to include the prevention of long-term 

complications or associated comorbidities [19](i.e. residual skeletal disease, monoclonal 

gammopathy of undetermined significance, and certain types of cancer, pulmonary 

hypertension, Parkinson disease, and metabolic syndrome). These additional goals 

reinforce the importance of taking a multidisciplinary point of view in Gaucher disease, 

particularly when bone disease; pregnancy, multiple myeloma and Parkinsonism occur. 

Bone disease is common, frequently severe, unpredictable in terms of presentation, is 

independent of visceral and hematologic manifestations and the genotype, and is a 

criterion for starting enzyme replacement treatment (ERT) [20]. For GD women who 

are pregnant it´s important to remember the tendency to worsening anaemia (as well 

decreased platelets), the potential for bone crisis (especially after delivery), and the 

potential need for ERT dosage adjustment.  Especially important are considerations 

surrounding anaesthesia and delivery [21]. 

Figure 2: Therapeutic goals to be achieved in type I GD patients, according to Pastores 

et al. 
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For adult GD patients, regular monitoring allows the multidisciplinary team to assess 

attainment of therapeutic goals. For patients who are not receiving treatment with ERT 

this should include physical examination, SF-36 survey, blood test and biochemical 

markers every 12 months. Visceral, skeletal and pulmonary tests must be performed 

every 12-24 months. For patients on ERT that have not achieved therapeutic goals, 

blood tests for biochemical markers are recommended every 3 months, plus every 12 

months a physical examination, SF-36 survey, and visceral, skeletal and pulmonary 

assessments. Finally, for patients on treatment who have achieved therapeutic goals, 

their assessment should be performed every 2 years except for a physical examination 

and SF-36 survey that should be performed annually [22]. Similar evaluations and 

monitoring are recommended for paediatric patients, except for a physical examination 

that should be conducted 6 months to check for height attainment [23]. 

6. Implementing “personalized medicine”: in general, a multidisciplinary team must 

achieve the right balance between standardized and individualized care and follow up. 

Finally, the group 1) defines the problem, 2) decides on goals, 3) gathers information, 4) 

seeks opinions, 5) discusses and expands the problem, 6) develops potential solutions, 

7) offers opinions, 8) evaluates potential solutions and chooses the best one, and 9) 

Normalise platelet count in splenectomised patients

Patients with intact spleen
• Moderate thrombocytopenia: increase platelet count

1.5- to 2.0-fold
• Severe thrombocytopenia: increase platelet count 1.5-fold 

Patients with an intact spleen
• Moderate thrombocytopenia: approach low-normal platelet count
• Severe thrombocytopenia: platelet count should continue to increase slightly during years

2 to 5 (doubling by year 2), but normalisation is not expected
• Avoid splenectomy (may be necessary during life-threatening haemorrhagic events)
• Maintain stable platelet counts after maximal response has been achieved

• Eliminate blood transfusion dependency and reduce fatigue, dyspnoea, angina

• Increase Hb levels to  ≥11.0 g/dL in women and children and ≥12.0 g/dL in men
Maintain improved Hb values achieved after first 12–24 months of therapy

Reduce liver volume by 30–40%
• Reduce and maintain liver volume 1.0 to 1.5 times normal

• Reduce liver volume by 20–30%

• Reduce and maintain spleen volume ≤2 to 8 times normal

• Reduce spleen volume by 30–50%
Reduce spleen volume by 40–60%

Alleviate symptoms due to splenomegaly – abdominal distension, early satiety, new splenic infarction and eliminate hypersplenism

1 2 3 4 5Years

• Lessen or eliminate bone pain

• Increase cortical and trabecular BMD in paediatric patients 
Increase cortical and trabecular BMD in adults

• Prevent bone crises, osteonecrosisand subchondral joint collapse

• Paediatric patients – attain normal or ideal peak skeletal mass

Normalise growth such that patient achieves normal height according to population standards

Achieve normal onset of puberty

• Reverse hepatopulmonary syndrome and dependency on oxygen
• Ameliorate pulmonary hypertension (enzyme replacement therapy plus adjuvant therapies)
• Improve functional status and quality of life
• Prevent rapid deterioration of pulmonary disease and sudden death
• Prevent pulmonary disease by timely initiation of enzyme replacement therapy and avoidance of splenectomy

Improve scores of a validated QoL instrument within 2 to 3 years or less depending on disease burden

Improve or restore physical function for carrying out normal daily activities and fulfilling functional roles

Anaemia

Thrombocytopenia

Hepatomegaly

Splenomegaly

Bone pathology

Growth in 
paediatric patients

Functional health 
and well-being

Pulmonary 
involvement
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summarizes the plan and agrees on distribution of tasks across team members. The keys 

to success are to involve all team members, have good communication, to work towards 

treatment standards, and to give patients information through an individualized written 

report [24-25]. 

Within a GD multidisciplinary team it is essential that an expert leads and coordinates 

all aspects of care including social and psychological support. They need to work 

closely with the other relevant hospital specialist physicians in order to develop a 

personal model for treatment and management. A specialist in Internal Medicine is an 

ideal candidate to lead this approach because of his integrated vision of the patient, but 

anyone with experience can develop this role which to a certain extent should reflect the 

organization of each hospital (Figure 3).  

Figure 3: Diagram of a multidisciplinary team in Gaucher disease. 

 

But how to develop an individualized treatment plan in a patient with newly diagnosed 

type I GD? ERT with mannose-terminal glucocerebrosidase (imiglucerase and 

velaglucerase alfa in Europe) is the standard therapeutic approach [26] although some 

asymptomatic or very mildly affected patients don´t need treatment. Usually patients are 

classified as follows [27] (Figure 4): 

• Mild/moderate disease: ERT should be started at doses of 15-60 UI/Kg/4 weeks. 

• Severe/rapidly progressive: ERT may be required at doses between 60-120 

UI/Kg/4 weeks.  
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• Severe/rapidly progressive in the presence of comorbidities: ERT should be 

initiated at doses higher than 60-120 UI/Kg/4 weeks. 

Substrate reduction therapy (SRT) with miglustat is an alternative for treatment of 

adults with mild/moderate GD1 for whom ERT is unsuitable [28] but a high percentage 

of patients discontinue it due to gastrointestinal symptoms or tremor [29]. Recently, a 

new well-tolerated SRT drug was approved to treat type I GD patients: Eliglustat. With 

the approval of eliglustat as a first-line therapy, eligible GD I patients (depending on the CYP2D6 cytochrome genotype) now have the option of a daily oral therapy 

[26][30]. It will be very important that the multidisciplinary team carefully assess 

individual patients to determine their appropriateness for eliglustat therapy.  

Many patients also require additional drugs or other interventions, such as Vitamin D or 

bisphosphonates for osteopenia, pain analgesics, orthopaedic surgery and physical 

therapy for skeletal complications, physical therapy to attenuate portal hypertension, 

and vasodilator treatment for pulmonary hypertension. 

Figure 4: Individualized approach to treatment initiation for type I GD patients. 
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The personalized management of the treatment for type I GD patients requires five 

stages [31] (Figure 5): 

1. Initiation of selected drug. 

2. Adaptation: in this stage a clinical improvement and the biomarkers must be 

demonstrated. This period of time fluctuates between 6 and 12 months. 

3. Stabilization: for most patients it occurs after the first 24 months following the 

beginning of treatment. Besides the improvement of the clinical aspects and the 

biomarkers, radiological enhancement must be exhibited.  

4. Tapering: after stabilization of the patient, which is defined by the absence of 

symptoms, normalization of biomarkers and demonstration of a radiological 

improvement, the tapering stage can be initiated, with a dose reduction of 25% 

in the case of ERT. 

5. Maintenance: 3 months after modification of the doses, patients must be 

carefully re-evaluated, according to the “evaluation and monitoring 

recommendations”. If the patient remains stable the same dosage should be 

continued, but in an unstable patient the multidisciplinary team should 

reconsider the appropriate dose. Recently, the usefulness of a new biomarker 

(Act 75-0 <58%) has been published, which has proved extremely practical for 

discriminating whether the dose administered is sufficient in the patient with 

ERT [32]. 

Figure 5: Personalized management of the treatment for type I GD patients. 
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Summary 
A multidisciplinary care team can only succeed if the following circumstances or 

support are provided [33]: 1) A whole-team approach, with clarity about the roles and 

expertise of each team member, including specialists, the general practitioner and allied 

healthcare professionals including a supportive care provider, who deals with the 

psychosocial aspects of care; 2) Regular communication among team members; 3) 

Access to a full range of therapeutic options, irrespective of geographical remoteness, 

rural or urban healthcare service; 4) Provision of care in line with national standards, 

and treatment decisions based on adequate information; 5) The patients should be 

involved in their care discussions and management and should receive timely and 

appropriate information from the healthcare professionals; and 6) Selecting the right 

team members.  

However, a multidisciplinary team will need to work around common obstacles 32: 1) 

Gatekeeping (the mechanism that allows work under some circumstances and blocks 

them under others); 2) Financial factors, 3) Lack of professional training in a 

multidisciplinary approach; 4) Logistics  (e.g. co-location, available meeting times, and 

physical resources); 5) Differing reporting requirements for disciplines involved; 6) 

Lack of formal evaluation criteria; 7) Lack of trust between participating professions; 8) 

A focus on professional autonomy; and 9) Legislative frameworks which limit the scope 

of professional practice. 

In this rare disorder, if the question was… is a multidisciplinary approach in the 

management of subjects with GD, especially new patients, valuable? The answer should 

be yes because it delivers benefits on two fronts:  

1) Social: enhancing access to services, improving the quality of care and lowering 

overall health care expenditure. Moreover it allows more efficient use of 

interventions by setting individualized objectives, varying dosing schedules, and 

types of therapy. 

2) Medical: this model provides a framework that enriches the clinical 

interpretation and the applicability of clinical assessment tools which represents 

the best model for the translation of results from research to clinical practice.  
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