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3Regional Coordinator Centre for Rare Diseases, University Hospital “Santa Maria della Misericordia”, Udine, Italy; 4Department of Medicine, University of Cambridge

and Lysosomal Disorders Unit, Cambridge, UK; 5Shire, Zug, Switzerland; 6Instituto William Osler, Buenos Aires, Argentina; 7Centro de Investigaci�on Biom�edica en Red

de Enfermedades Raras (CIBERER), Instituto Salud Carlos III, Zaragoza, Spain; 8Translational Research Unit, Aragon Institute of Health Research (IISAragon), Zaragoza,

Spain; 9Spanish Foundation for the Study and Therapy of Gaucher Disease (FEETEG), Zaragoza, Spain; 10Unidad de Investigaci�on Traslacional, Pta Baja, Hospital

Universitario Miguel Servet, Zaragoza, Spain; 11Lysosomal Disorders Unit and Center for Clinical Trials, O&O Alpan, LLC, Fairfax, VA, USA; 12New York University

Langone Medical Center, New York, NY, USA; 13Department of Orphan Diseases, National Research Center for Hematology, Moscow, Russia; 14Hospital de Clínicas

de Porto Alegre, Porto Alegre, Brazil; 15Department of Genetics, Universidade Federal do Rio Grande do Sul, Brazil

Correspondence

Ari Zimran, Gaucher Clinic, Shaare Zedek

Medical Center, affiliated with the Hebrew

University-Hadassah Medical School, 12

Bayit Street, P.O. Box 3235, Jerusalem

91031, Israel.

Email: azimran@gmail.com

Funding information

Shire Human Genetic Therapies Inc.

Abstract
The Gaucher Outcome Survey (GOS) is an international Gaucher disease (GD) registry estab-

lished in 2010 for patients with a confirmed GD diagnosis, regardless of GD type or treatment

status, designed to evaluate the safety and long-term effectiveness of velaglucerase alfa and

other GD-related treatments. As of February 25, 2017, 1209 patients had enrolled, the major-

ity from Israel (44.3%) and the US (31.4%). Median age at GOS entry was 40.4 years, 44.1%

were male, and 13.3% had undergone a total splenectomy. Most patients had type 1 GD

(91.5%) and were of Ashkenazi Jewish ethnicity (55.8%). N370S/N370S was the most preva-

lent genotype, accounting for 44.2% of genotype-confirmed individuals (n5847); however,

there was considerable variation between countries. A total of 887 (73.4%) patients had

received �1 GD-specific treatment at any time, most commonly imiglucerase (n5587), velaglu-

cerase alfa (n5507), and alglucerase (n5102). Hematological and visceral findings at the time

of GOS entry were close to normal for most patients, probably a result of previous treatment;

however, spleen volume of patients in Israel was almost double that of patients elsewhere (7.2

multiples of normal [MN] vs. 2.7, 2.9 and 4.9 MN in the US, UK and rest of world), which

may be explained by a greater disease severity in this cohort. This analysis aimed to provide

an overview of GOS and present baseline demographic and disease characteristics of partici-

pating patients to help improve the understanding of the natural history of GD and inform the

overall management of patients with the disease.
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1 | INTRODUCTION

Gaucher disease (GD) is an autosomal recessive disease caused by

pathogenic variations in the GBA1 gene, which encodes the lysosomal

enzyme b-glucocerebrosidase, resulting in deficient activity of this

enzyme.1 GD affects approximately 1 in 40 000 individuals worldwide1

and is characterized by glucocerebroside accumulation in lysosomes,

resulting in disease manifestations primarily in the organs of the

monocyte-macrophage system.

GD may be regarded as a phenotypic continuum2 owing to its

highly variable clinical presentation; however, patients continue to be

classified into the traditionally recognized clinical variants of GD, types

1, 2, or 3, to facilitate patient management. Type 1, the non-

neuronopathic form, is typically characterized by splenomegaly, hepato-

megaly, thrombocytopenia, and anemia.1 It is the most common form,

estimated to affect 90% of diagnosed patients in Europe, North Amer-

ica, and Australia.1 According to a recent literature analysis of individuals

who manifest the disease, the prevalence ranges from 0.70 to 1.75 in

100 000.3 There is a higher prevalence of type 1 GD among people of

Ashkenazi Jewish ethnicity, with a birth incidence of about 1 in 850.1

As with other rare diseases, the development of effective manage-

ment strategies for GD may be hampered by an incomplete under-

standing of the natural history of the disease, as well as the challenge

of conducting large, long-term, placebo-controlled clinical trials. Since

1991, the standard of care for GD has been enzyme replacement ther-

apy (ERT), initially with placenta-derived alglucerase (now discontin-

ued).4 Although regulatory status and approved indications may differ

between countries, ERTs available for GD include imiglucerase (Cere-

zyme®, Sanofi/Genzyme Corporation, USA), produced in Chinese ham-

ster ovary cells and differing from the native human enzyme by a single

amino acid substitution;5,6 taliglucerase alfa (Elelyso®, Pfizer, USA/Pro-

talix, Israel), produced in a carrot-cell system and having the same core

amino acid sequence as the native human enzyme, differing by 2 and 7

amino acids at the N-terminus and C-terminus, respectively;7–9 and

velaglucerase alfa (VPRIV®, Shire, USA), produced in a human cell line

and having the same amino acid sequence as the human enzyme.10

Substrate reduction therapy has also been available since 2002, and

includes miglustat (Zavesca®, Actelion, Switzerland)11 and eliglustat

(Cerdelga®, Sanofi/Genzyme, USA).12 The pharmacological chaperone

ambroxol is also under investigation for the treatment of patients with

both neuronopathic and non-neuronopathic forms of GD.13,14

Observational studies, including prospective long-term patient

registries, can help to expand the knowledge base for rare diseases,

allowing clinical information to be collected from larger, more heteroge-

neous populations than otherwise possible by clinical trials. This can

help to better define the population distribution of the disease and its

variability in presentation or severity, and assess response to treatment

to inform management strategies. The Gaucher Outcome Survey (GOS)

is an international GD-specific registry established in 2010 for patients

with a confirmed GD diagnosis, regardless of GD type or treatment sta-

tus. The primary objectives of GOS are to evaluate the safety and long-

term effectiveness of velaglucerase alfa and other GD-related

treatments, to gain a better understanding of the natural history of GD,

and to serve as a database for evidence-based management of GD.

Here we provide an overview of GOS and present the baseline

demographic and general disease characteristics of participating

patients in the registry. This analysis also provides a baseline for addi-

tional analyses and makes comparisons between specific subpopula-

tions within GOS.

2 | MATERIALS AND METHODS

GOS is an ongoing registry designed to document the clinical outcome

of patients with GD over time, with 31 active sites in 11 countries as

of February 25, 2017 (Argentina, Brazil, France, Israel, Italy, Paraguay,

Poland, Russia, Spain, the UK, and the US). The registry was initiated in

September 2010 by Shire Human Genetic Therapies, Inc, in collabora-

tion with leading international experts on GD, as part of post-

marketing commitments to regulatory authorities. The management,

administration, and infrastructure of GOS is funded by Shire. The spe-

cific aims of GOS are to better characterize the global GD population,

to monitor the natural history of treated and untreated patients with

GD of any type, and to enhance understanding of the effectiveness

and safety of current GD treatments through observing the evolving

nature of the disease among patients treated to varying degrees and at

different stages. GOS is directed by a steering committee that includes

international experts (investigators) and medical personnel from Shire.

The steering committee meets on an annual basis to review the pro-

gress in the operation, database management, and analysis of GOS.

2.1 | Patients

Patients with a diagnosis of GD of any type (based on enzymatic assay

and/or GBA1 genotyping) are enrolled into GOS on a voluntary basis

under the direction of their physician in accordance with routine clinical

practice. Written informed consent is obtained from patients, or the

patient’s parent or legal guardian for those <18 years of age worldwide

or <16 years of age in the UK, and assent is obtained where appropri-

ate. Patients currently participating in ongoing clinical trials are

excluded from enrollment. Patients can withdraw from the registry at

any time for any reason without prejudice to their future care.

2.2 | Data collection

All patients’ data are entered in an electronic case report form (eCRF),

completed by authorized registry personnel at each site after having

obtained the consent of each patient. The development of the eCRF

involved 2 different vendors to optimize the final version for use in this

registry. A secure web-based application is used for entering data,

allowing for remote data entry at GOS sites. Upon first data entry, an

identification code is generated by the system for patient identification

to ensure patient anonymity, with only the sex and month/year of birth

accessible to the sponsor. Once a patient has been enrolled, data are

entered into GOS at baseline (defined as time of GOS entry) and at the

usual routine clinical evaluations performed by their physician in their

ongoing management and care. In addition, historical data from their
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medical records can be entered retrospectively. The core variables cap-

tured via the eCRF include baseline characteristics (eg, month and year

of birth, gender, height, and weight); GD type and genotype; splenec-

tomy status; laboratory findings (eg, hemoglobin concentration, platelet

counts, and plasma chitotriosidase activity); abdominal imaging of liver

and spleen volume (volumetric magnetic resonance imaging, computed

tomography, or ultrasound); orthopedic imaging; GD treatment infor-

mation; and adverse event data. In the current analysis, patient demo-

graphic and baseline characteristics; liver and spleen volume;

hematological parameters; and treatment status are summarized for

patients at the time of GOS entry.

The quality of the data entered into GOS by the sites is automati-

cally checked using predefined, established limits set within the registry

database program. Additional data checks are performed by the data

managers and site monitors to detect inconsistencies. If abnormal, con-

founding, or missing data (due to a parameter not being measured or

recorded) are detected for a database entry, a request for clarification

is electronically sent to the investigator. The interface of the database

was designed to reflect routine clinical practice, while remaining

“user-friendly” following input from GOS investigators and study

coordinators.

All patient data are handled in accordance with relevant global and

local regulations and best practice and in accordance with Good Phar-

macoepidemiological Practice (GPP), Good Research for Comparative

Effectiveness principles, and the principles of the International Confer-

ence on Harmonization Good Clinical Practice (GCP) guidelines. GOS is

monitored by an independent clinical research organization.

2.3 | Analysis

Analyses were conducted on patient baseline data (defined as at time

of GOS entry) extracted from the database for all patients enrolled into

GOS on February 25, 2017. All-patient analyses included all patients

with available data for the chosen variable. For analyses of treatment

status, treated patients were defined as those with one or more

records of a GD-specific treatment and a treatment start date specified.

Untreated patients were defined as individuals for whom there was a

recorded indication of not having received GD-specific therapy and no

record of GD-specific treatment at any time. Patients not meeting the

criteria for classification as “treated” or “untreated”, that is, with no

information on treatment status or treatment start date, were classified

as “missing treatment status” and excluded from treatment status anal-

yses. All analyses were regarded as exploratory. Countries with fewer

than 100 patients enrolled in GOS are grouped in the “rest of world”

(ROW) category, which includes Argentina, Brazil, Spain, France, Italy,

Paraguay, Poland, and Russia.

Spleen and liver volumes were measured predominantly by 3D

ultrasound in Israel, as well as a few sites elsewhere in the world, and

were recalculated using an algorithm of conversion to be comparable

to computed tomography (CT) measurements as previously

described.15 Briefly, estimated spleen CT5539.510.344 (spleen ultra-

sound volume) and estimated liver CT5320.8610.317 (liver ultra-

sound volume), where ultrasound organ volume was calculated as the

product of the 3 largest organ dimensions: longitudinal, transverse at

maximal plane, and true anteroposterior.

3 | RESULTS

3.1 | Population demographics

A total of 1209 patients at 31 active sites in 11 countries had partici-

pated in the study as of February 25, 2017. The majority of patients

were from Israel (44.3%), the US (31.4%), and the UK (9.8%), with the

remaining 14.5% from Poland, Brazil, Russia, Paraguay, France, Spain,

Argentina, and Italy (Supporting information, Figure S1). Table 1 out-

lines the baseline characteristics of these patients overall. The median

(interquartile range [IQR]) patient age at GOS entry was 40.4 (26.5–

56.8) years. Most (1106/1209; 91.5%) patients enrolled in GOS were

classified as type 1 GD, based on assessment by the treating physician,

with 4 (0.3%) and 37 (3.1%) classified as type 2 and type 3 GD, respec-

tively (missing GD information for 62 [5.1%] patients). All 4 patients

classified as type 2 GD were in the US. The majority of patients (675/

1209; 55.8%) were of Ashkenazi Jewish ethnicity and were located

mainly in Israel (498/675; 73.8%) and the US (172/675; 25.5%). Over-

all, 238 (19.7%) patients with GD had undergone a splenectomy

(recorded as 21 [8.8%] partial and 161 [67.6%] total splenectomies,

with a further 56 [23.5%] “other” or “unspecified”); these subgroups

will be evaluated in a separate analysis.

In the overall population, N370S/N370S was the single most prev-

alent genotype, accounting for 374 (44.2%) of genotype-confirmed

individuals (n5847), compared with 21.8% with N370S/other or

N370S/unknown, 9.9% with N370S/84GG, 11.0% with N370S/L444P,

2.2% with L444P/L444P, 0.5% with L444P/other, and 10.4% with

other genotypes (Supporting information, Figure S2). However, there

was considerable variation between countries, with the N370S/N370S

genotype occurring in 259 (58.9%) patients in Israel (n5440) com-

pared with 98 (37.4%) in the US (n5262), 9 (12.0%) in ROW (n575),

and 8 (11.4%) in the UK (n570). In the UK, mutations other than

N370S or L444P comprised 31.4% of known genotypes, compared

with 17.3% in ROW, 15.6% in the US, and 2.7% in Israel (Supporting

information, Figure S2).

3.2 | Treatment status

A total of 887 (73.4%) of 1209 patients enrolled in GOS had received

GD-specific treatments at any time, while 174 (14.4%) patients were

untreated; treatment information was not available for 148 (12.2%)

patients (Table 1; Figure 1). Of the treated patients, 843 (95.0%) had

type 1 GD, 3 (0.3%) had type 2 GD, and 35 (3.9%) had type 3 GD (GD

information missing for 6 patients) (Figure 1). The most widely used

GD-specific treatments were imiglucerase (n5587), velaglucerase alfa

(n5507), alglucerase (n5102), taliglucerase alfa (n593), and miglustat

(n591). Patients from the UK were more likely to be receiving GD-

specific treatment at GOS entry (93.3% vs. 73.4% overall), while almost

one-third (28.4%) of patients from Israel were untreated at GOS entry,

compared with <5% of patients in the UK, US, and ROW (Table 1).
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Further analyses relating to treatment patterns in GD patients enrolled

in GOS have been reported separately.16

3.3 | Hematological and visceral findings at GOS entry

Overall, the majority of patients (73.5%; 889/1209; missing n5227)

had normal hemoglobin concentrations of �11.0 g/dL (females and

patients �12 years of age17) or �12.0 g/dL (males17) at GOS entry and

58.9% (712/1209; missing n5224) had platelet counts �120 3 109/L

(Table 2). All patients with available data at GOS entry (n5501) had a

liver volume �2.5 multiples of normal (MN) at GOS entry (median

[IQR] 1.0 [0.9–1.2] MN) and most patients with an intact spleen and

available data at GOS entry (393/405; 97.0%) had a spleen volume

�15 MN17 (median [IQR] 6.1 [4.2–8.2] MN; Table 3). There were small

differences in liver volume (MN) between patients aged <18 or �18

years and between different geographical locations (Table 3); however,

the median [IQR] spleen volume of patients in Israel (7.2 [5.9-9.3] MN)

was almost double that of patients in the US, UK, and ROW (2.9 [2.0–

4.6] MN, 2.7 [2.2–3.6] MN, and 4.9 [3.6-5.4] MN, respectively; Table

3). Overall, 62.2% of patients had moderate splenomegaly (>5 and

�15 MN), rising to 84.5% in the Israel cohort. The proportion of

patients with severe splenomegaly (>15 MN) was consistent across

geographical locations, between 0 and 4%.

3.4 | Skeletal findings at GOS entry

At GOS entry, 413 (34.2%) of the enrolled patients (n51209) had at

least one skeletal abnormality on orthopedic imaging: 96 (11.8%)

abnormalities were avascular necrosis, 176 (21.5%) were bone marrow

infiltration, and 123 (15.1%) were Erlenmeyer flask deformities, while

fractures accounted for 30 (3.7%) abnormalities. Among 350 patients

with available data, bone pain was reported in 111 (31.7%) patients

TABLE 1 Baseline characteristics of patients enrolled in GOS as of February 25, 2017 (N51209)

UK

(n5119)

Israel

(n5 536)

US

(n5380)

ROWa

(n5174)

Overall patients

(N51209)

Sex

Male 53 (44.5) 247 (46.1) 165 (43.4) 68 (39.1) 533 (44.1)
Female 66 (55.5) 289 (53.9) 215 (56.6) 106 (60.9) 676 (55.9)

Ethnicity

Ashkenazi Jewish 3 (2.5) 498 (92.9) 172 (45.3) 2 (1.1) 675 (55.8)
Other 52 (43.7) 37 (6.9) 190 (50.0) 116 (66.7) 395 (32.7)
Missing information 64 (53.8) 1 (0.2) 18 (4.7) 56 (32.2) 139 (11.5)

Median (IQR) age at GOS entry, years 50.7
(35.5–60.9)

39.3
(27.8–54.5)

40.6
(23.8–59.0)

36.3
(24.1–48.9)

40.4
(26.5–56.8)

Type of GD

Type 1 106 (89.1) 518 (96.6) 351 (92.4) 131 (75.3) 1106 (91.5)
Type 2 0 0 4 (1.1) 0 4 (0.3)
Type 3 10 (8.4) 5 (0.9) 17 (4.5) 5 (2.9) 37 (3.1)
Missing information 3 (2.5) 13 (2.4) 8 (2.1) 38 (21.8) 62 (5.1)

Diagnosis confirmationb

Biochemical analysis (enzyme assay) 25 (23.1) 196 (28.7) 137 (29.7) 111 (63.8) 469 (32.0)
GBA1 genotype testing 73 (67.6) 444 (65.1) 267 (57.8) 81 (46.6) 865 (59.0)

Family history of GD

Yes 21 (17.6) 212 (39.6) 118 (31.1) 52 (29.9) 403 (33.3)
No 45 (37.8) 305 (56.9) 216 (56.8) 73 (42.0) 639 (52.9)
Missing information 53 (44.5) 19 (3.5) 46 (12.1) 49 (28.2) 167 (13.8)

Treatment status

Treated 111 (93.3) 341 (63.6) 314 (82.6) 121 (69.5) 887 (73.4)
Untreated 4 (3.4) 152 (28.4) 13 (3.4) 5 (2.9) 174 (14.4)
Missing information 4 (3.4) 43 (8.0) 53 (13.9) 48 (27.6) 148 (12.2)

Splenectomy status

Intact spleen 76 (63.9) 452 (84.3) 305 (80.3) 138 (79.3) 971 (80.3)
Total splenectomy 33 (27.7) 66 (12.3) 39 (10.3) 23 (13.2) 161 (13.3)
Partial splenectomy 1 (0.8) 11 (2.1) 8 (2.1) 1 (0.6) 21 (1.7)
Not specified/other 9 (7.6) 7 (1.3) 28 (7.4) 12 (6.9) 56 (4.6)

Abbreviations: GD, Gaucher disease; GOS, Gaucher Outcome Survey; IQR, interquartile range; ROW, rest of world.
Values are n (%) unless otherwise stated.
aArgentina, Brazil, France, Italy, Paraguay, Poland, Spain, and Russia.
bExcluding patients with prenatal diagnosis. Not mutually exclusive categories. Data available for n582 (UK), n5 473 (Israel), n5320 (US), n5133
(ROW), and n51008 (overall) patients.

208 | AJHAJH ZIMRAN ET AL.



and was classified (as interpreted by the treating physician) as severe

for 20 (5.7%) patients. Analysis of orthopedic imaging data will be

reported in more detail in a separate report.

4 | DISCUSSION

GOS is an ongoing, global, GD-specific disease registry with

>1200 patients included from 11 countries, with a preponderance

from 3 countries. The registry was initiated in 2010 by Shire in collabo-

ration with expert investigators from around the globe. The analysis

outlined here is an overview of the initial description of GOS-enrolled

patients and focuses on baseline demographic and disease characteris-

tics at the time of enrollment into GOS. These findings provide context

for clinical outcomes analyses from GOS, which will be reported

separately.

The countries enrolling the greatest numbers of patients with GD are

Israel and the US, consistent with the high proportion of patients with

Ashkenazi Jewish ethnicity in GOS (55.8%). Similarly, albeit 16 years ago,

the majority of patients enrolled in the international Collaborative

Gaucher Group (ICGG) registry were from the US, Israel, and Europe,18 all

of which are regions where type 1 GD is the predominant type. Countries

with greater frequencies of types 2 and 3 GD, including non-Israeli Middle

East, the Indian subcontinent, China, Japan, and Korea,19 are under-

represented in both the GOS and ICGG registries, and thus findings

cannot be assumed to be representative of the wider GD population.

The distribution of GD genotypes was found to vary across the

major enrolling countries, reflective of the high proportion of patients

from Israel in this analysis compared with the ICGG registry (44.3% vs

17%18) and the prevalence of the N370S allele among the Ashkenazi

Jewish population.20 The majority (58.9%) of patients in Israel were

N370S homozygous, consistent with a milder phenotype,21 but there

was a more even distribution of the 3 major genotypes in the US

(N370S/N370S [37.4%], N370S/other [19.5%], and N370S/L444P

[13.4%]). A broader range of mutations was apparent in the UK, with

only 8 (11.4%) patients having an N370S homozygous genotype and

22 (31.4%) having mutations other than N370S or L444P.

In contrast to findings from the ICGG registry, in which most

patients had low hemoglobin and platelet levels and enlarged liver and

spleen volumes,18 hematological and visceral findings at the time of

GOS entry were close to normal for the majority of patients, probably

TABLE 2 Hemoglobin and platelet ranges in patients enrolled in the Gaucher Outcome Survey as of February 25, 2017 (N51209)

UK

(n5119)

Israel

(n5 536)

US

(n5380)

ROWa

(n5174)

Overall

(n51209)

Hemoglobin concentrationb, n (%)

Below 4 (3.4) 49 (9.1) 23 (6.1) 17 (9.8) 93 (7.7)
Normal 102 (85.7) 421 (78.5) 278 (73.2) 88 (50.6) 889 (73.5)
Missing 13 (10.9) 66 (12.3) 79 (20.8) 69 (39.7) 227 (18.8)

Platelet count, n (%)

<60 3 109/L 3 (2.5) 29 (5.4) 11 (2.9) 5 (2.9) 48 (4.0)
�60–120 3 109/L 12 (10.1) 149 (27.8) 41 (10.8) 23 (13.2) 225 (18.6)
�120 3 109/L 91 (76.5) 292 (54.5) 252 (66.3) 77 (44.3) 712 (58.9)
Missing 13 (10.9) 66 (12.3) 76 (20.0) 69 (39.7) 224 (18.5)

Abbreviation: ROW, rest of world.
aArgentina, Brazil, France, Italy, Paraguay, Poland, Spain, and Russia.
bHemoglobin ranges for women and children (�12 years of age): below: <11.0 g/dL; normal: �11.0 g/dL. Hemoglobin ranges for men: below: <12.0 g/dL;
normal: �12.0 g/dL.17

TABLE 3 Liver and spleen volume in patients enrolled in the Gaucher Outcome Survey as of February 25, 2017 (N51209)

All patients
n5 1209

<18 years of age
n5153

�18 years of age
n5 1056

n Median (IQR) n Median (IQR) n Median (IQR)

Liver volume, MN 501 1.0 (0.9–1.2) 32 1.1 (1.0–1.4) 469 1.0 (0.9–1.2)

UK 42 0.8 (0.7–0.9) 0 – 42 0.8 (0.7–0.9)
Israel 324 1.1 (1.0–1.3) 15 1.2 (1.0–1.4) 309 1.1 (1.0–1.2)
US 122 1.0 (0.8–1.1) 17 1.1 (0.9–1.4) 105 1.0 (0.8–1.1)
ROWa 13 0.8 (0.5–0.9) 0 – 13 0.8 (0.5–0.9)

Spleen volume, MNb 405 6.1 (4.2–8.2) 31 7.8 (4.6–10.7) 374 6.1 (4.1–8.1)

UK 27 2.7 (2.2–3.6) 0 – 27 2.7 (2.2–3.6)
Israel 267 7.2 (5.9–9.3) 15 8.6 (8.0–13.8) 252 7.1 (5.9–9.2)
US 97 2.9 (2.0–4.6) 15 4.6 (3.0–7.3) 82 2.6 (1.9–4.3)
ROWa 14 4.9 (3.6–5.4) 1 8.6 (8.6–8.6) 13 4.9 (3.6–5.4)

Abbreviations: IQR, interquartile range; MN, multiples of normal.
aArgentina, Brazil, France, Italy, Paraguay, Poland, Spain, and Russia.
bPatients with an intact spleen only.
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as a result of previous treatment. Nevertheless, some patients entered

GOS with more severe disease characteristics likely to benefit from

ERT. It will be informative to monitor the response of the GOS popula-

tion to long-term ERT use, particularly for patients with clinical signs of

disease at GOS entry who receive velaglucerase alfa. Previous studies

have shown that velaglucerase alfa normalized hematological, visceral,

and skeletal disease parameters in treatment-naïve patients with type

1 GD in the clinical trial setting,22 and it would be interesting to see if

similar results are obtained in a “real-world” setting.

Although most clinical parameters were consistent across the

countries included in this study, some geographical differences in

spleen size were observed. Abdominal imaging results showed that the

mean spleen volume of patients in Israel (7.2 MN) was higher than that

of patients in other countries (2.7, 2.9, and 4.9 MN in the UK, US, and

ROW, respectively). A larger proportion of patients from Israel had

moderate splenomegaly (>5 and �15 MN) compared with elsewhere

(84.6% vs. 62.2% patients overall), although there was no increase in

the proportion of patients with severe splenomegaly (>15 MN), and

minimum and maximum values were consistent across all countries.

An important consideration is the abdominal imaging methodologies

utilized in GOS. Abdominal imaging was performed using magnetic reso-

nance imaging (MRI)/CT in most participating countries, whereas 3D

ultrasound was used in Israel (and a few other sites), with results con-

verted to estimated MRI/CT values using the calculation published by

Elstein et al.15 Although this calculation has been used previously with

ICGG registry data,18,23–25 spleen sizes stratified by country have not

previously been reported. Other methodologies for conversion of 3D

ultrasound to MRI/CT values are available; for example, a calculation

published by Yetter et al.26 When applied to these data, the latter calcu-

lation yields smaller spleen sizes for the Israeli population than was

obtained using the Elstein et al. calculation, although still higher than the

values obtained by MRI and CT elsewhere (data not shown). These find-

ings highlight a need for further evaluation of this calculation, applied to

larger numbers of patients with both MRI/CT and US results from Israel.

The relatively larger spleen sizes in Israel compared with other

countries in this analysis may also be explained by a potentially greater

disease severity in this cohort. Considering hematological parameters,

one-third of patients from Israel had platelet counts <120 3 109/L,

indicative of thrombocytopenia, compared with 12%-16% elsewhere,

while hemoglobin levels were similar. Liver volumes, also measured

using 3D ultrasound in Israel and subject to similar conversion calcula-

tions, were only marginally elevated in Israel (1.1 MN vs. 0.8-1.0 MN

elsewhere), with no differences in the proportion of patients with hep-

atomegaly. Compared with the overall population, more untreated

patients were enrolled in GOS from Israel compared with other coun-

tries (28.4% vs. <5% in the UK, US, and ROW); there were, however,

no substantial differences in median spleen size between the untreated

patient cohort in Israel and the overall untreated group (6.7 vs. 6.5

MN), indicating treatment status is unlikely to explain the differential

spleen sizes observed. Median spleen sizes were slightly elevated for

the Israeli treated cohort compared with the overall treated group (7.5

vs. 6.5 MN), which might be in part related to the lower dose of ERT

used in this country.16 These findings suggest that the enlarged spleen

sizes in Israeli patients may reflect genuine differences from other

countries, rather than being a result of differing imaging modalities, and

warrants further investigation.

Registries can provide a valuable source of real-world data for rare

conditions like GD, where data collection from clinical trials would be

challenging. However, evaluation of registry data has several limitations.

Owing to the nature of participation in GOS (at the discretion of patients

and their treating physicians), data input is reliant on the choice and sub-

sequent declaration of the participating physician; data may therefore be

incomplete, missing, based on broad criteria, or subject to selection bias,

particularly in the reporting of treated patients over untreated patients.

A few sites initially enrolled only treated patients or those who had been

treated solely with velaglucerase alfa. While physicians are encouraged

to enter information for all their GD patients, regardless of treatment

status or the treatment they receive, there are other disease- and

FIGURE 1 Treatment status of patients enrolled in GOS as of February 25, 2017 (N51209). Treated at any time: patients who had one or
more records of a GD-specific treatment and a treatment start date specified. Untreated: patients for whom there was a recorded indication
of not having received GD-specific treatment and no indication of GD-specific treatment at any time. Missing information: patients who
were missing information on treatment status or treatment start date. GD, Gaucher disease; GOS, Gaucher Outcome Survey
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treatment-specific registries for GD, and some sites may not be able to

enroll all patients into all registries for which they are eligible.

As an ongoing registry, the structure and design of GOS is evolving

in order to reflect the changing demographic characteristics of the GD

population and to present data on relevant clinical outcomes. Previous

analyses of GOS data have evaluated trends in treatment patterns16

and the impact of treatment during pregnancy,27 while ongoing analy-

ses will examine patient comorbidities, skeletal abnormalities, patients

with type 3 GD, and outcomes with long-term treatment.

In conclusion, the findings from this evaluation of baseline data

provide insights into the key demographic and disease characteristics

of patients with GD who are enrolled in GOS and, together with future

evaluations, will help to improve understanding of the natural history

of the disease and the overall management of patients with GD.
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