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Abstract

Background: Gaucher disease (GD) manifests heterogeneously and other conditions

are often misdiagnosed in its place, leading to diagnostic delays. The Gaucher Earlier

Diagnosis Consensus (GED-C) initiative proposed a point-scoring system (PSS) based

on the signs and covariables that are most indicative of GD to help clinicians identify

which individuals to test for GD.

Aims: To validate the PSS retrospectively in a test population including patients with

GD and other conditions with overlapping manifestations.

Methods: Four cohorts of adults with GD, liver disease, haematological malignancy or

immune thrombocytopenia were identified from hospital records. Clinical data were

audited for GED-C factors identified as potentially indicative of GD and aggregate scores

calculated (sum of scores/number of factors) based on published PSS weightings.

Threshold discriminatory PSS scores, sensitivity and specificity were determined by

receiver-operating characteristic analysis.

Results: Among 100 patients (GD, n = 25; non-GD, n = 75), analyses based on 11 pos-

sible factors estimated group mean (standard deviation) PSS scores of: GD (n = 14),

1.08 (0.25); non-GD (n = 38), 0.58 (0.31). Mean between-group difference (95% confi-

dence interval) was −0.49 (−0.68, −0.31) and area under the receiver-operating char-

acteristic analysis curve (95% confidence interval) was 0.88 (0.78, 0.97). A threshold

PSS score of 0.82 identified all 14 patients with GD in the analysis set (100% sensitivity)

and 27 of 38 patients in the non-GD group (71% specificity). Patients with liver disease

and haematological malignancy were most likely to have manifestations overlapping GD.

Conclusions: Preliminary validation of the GED-C PSS discriminated effectively

between patients with GD and those with overlapping signs.

Introduction

Gaucher disease (GD) is an autosomal recessive condi-
tion arising from mutations in the glucocerebrosidase
gene that encodes lysosomal glucocerebrosidase.1 Enzyme

deficiency causes the substrate of glucocerebrosidase,
glucosylceramide, to accumulate in the bone marrow,
liver, lungs, spleen and brain, leading to the clinical
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manifestations of GD.1 The disease has been classified
as types 1, 2 and 3 or non-neuronopathic, acute and
chronic neuronopathic GD respectively.2,3 In the gen-
eral population, the prevalence of GD typically ranges
from 1/40 000 to 1/60 000, but rises to 1/800 among
Ashkenazi Jews.1 Type 1 GD is the most prevalent form
in the Western hemisphere, with a global prevalence of 1/
50 000–100 000.4 The rare nature and heterogeneous pre-
sentation of GD may lead to multiple referrals across differ-
ent medical specialties, often delaying diagnosis and
treatment.5 Moreover, delays may be compounded by poor
awareness of GD among clinicians, and alternative diagnos-
tic possibilities associated with greater mortality than GD
take precedence at differential diagnosis.2,5,6

Diagnostic pathways tailored to GD specialists have been
published,4,7 but information designed to guide non-spe-
cialists is lacking. The Gaucher Earlier Diagnosis Consensus
(GED-C) initiative is an ongoing global project designed to
facilitate diagnosis of GD in clinical practice and across
medical disciplines, ultimately aiming to reduce diagnostic
delays. The GED-C initiative recruited 22 experts in GD,
who used Delphi consensus methodology8 to identify fac-
tors most likely to be indicative of type 1 GD.9 Nine major
factors were agreed (splenomegaly, thrombocytopenia,
bone-related manifestations, anaemia, hyperferritinaemia,
hepatomegaly, gammopathy, family history of GD, Ashke-
nazi Jewish ancestry), as well as 10minor factors.9

The subsequent aim of the GED-C initiative was to use
these factors to create a simple scoring-based algorithm
for use by non-specialist physicians or patients as an aid
for the diagnosis of GD. Scoring systems are an
established aid in diagnosing several diseases, such as
systemic lupus erythematosus.10 The factors and a proto-
type point scoring system (PSS) generated by the GED-C
panel are shown in Table 1.9 Combining the weightings
allocated to each factor in the prototype PSS allows an
aggregate score to be calculated for each patient. The rec-
ommendation to test for GD would depend on whether
this score exceeded a predetermined threshold value.9 It
is common to use diagnostic models to estimate whether
signs and symptoms predict the presence of a condi-
tion.11 Based on this approach, odds ratios can be used
to weight each predictive factor significantly associated
with that condition.12,13 Irrespective of how weightings
are derived, their collective discriminatory power should
be tested retrospectively and prospectively to determine
the sensitivity and specificity with which an outcome
can be predicted based on a given aggregate score.
Here, we retrospectively investigated patients with GD

and patients with overlapping clinical signs but no GD
diagnosis. We first compared the signs and patient
covariables at the time of diagnosis in a cohort of adults
with GD with those in three groups of patients who also

had liver and spleen enlargement (chronic liver disease
(LD) with portal hypertension; haematological malig-
nancy (HM)) and thrombocytopenia or bleeding
(immune thrombocytopenia (ITP)); then, we externally
validated the prototype PSS in this patient population to
determine its power to discriminate between those with
and without GD. We also report two prospective case
studies of patients tested with the PSS and demonstrate
the challenges of estimating a diagnostic model within a
sample population of patients with signs and covariables
identified as important in the GED-C initiative.

Methods

Patients and data collection

Clinical and laboratory data from a cohort of 25 adult
patients with GD attending the Royal Free Hospital
(London, UK) were audited. Comparative data for

Table 1 Prototype point-scoring system for diagnostic testing in
Gaucher disease (GD), based on factors identified as potentially indica-
tive of type 1 GD (adapted from Mehta et al.)9

Weighting Clinical sign or covariable

Major signs and
covariables

3 points Splenomegaly (≥3 × normal)
2 points Thrombocytopenia, mild or moderate

(platelet count, 50–140 × 109/L)
Bone issues, including pain, crises,
avascular necrosis and fractures
Family history of GD
Anaemia, mild or moderate
(haemoglobin, F ≥90–130 g/dL;
M ≥90–140 g/dL)
Hyperferritinaemia, mild or moderate
(serum ferritin, 300–1000 μg/L)
Jewish ancestry
Hepatomegaly, mild or moderate (≤3
× normal)
Gammopathy, monoclonal or
polyclonal

1 point Anaemia, severe (haemoglobin,
<90 g/dL)
Hyperferritinaemia, severe (serum
ferritin, >1000 μg/L)
Hepatomegaly, severe (>3 × normal)
Thrombocytopenia, severe (platelet
count, <50 × 109/L)

Minor signs and
covariables

0.5 points† Bleeding, bruising or coagulopathy
Leukopenia

†Other minor signs potentially indicative of type 1 GD were identified in
the Gaucher Earlier Diagnosis Consensus (elevated serum angiotensin-
converting enzyme levels; growth retardation, including low bodyweight;
low bone mineral density; fatigue; asthenia; gallstones; dyslipidaemia;
family history of Parkinson disease),9 but were excluded here because
data were unavailable in the hospital records. F, female; M, male.
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cohorts of 25 adults with LD, HM and ITP attending the
same hospital were extracted sequentially. Patients with
LD were all candidates for liver transplantation and had
cirrhosis with portal hypertension, patients with HM all
had lymphoma and patients with ITP were all severely
affected with refractory ITP requiring treatment with
thrombopoietin receptor agonists. Baseline characteristics
were those recorded at diagnosis in the GD cohort and at
presentation for specialist assessment in the comparator
cohorts. Data were collected relating to factors identified
by the GED-C panel as potentially indicative of GD. These
GD factors were categorised by: serum ferritin levels (nor-
mal (<300 μg/L) or high (≥300 μg/L)); haematological
parameters (haemoglobin (sex-adjusted), normal
(women >130 g/L; men >140 g/L) or low (women ≤130 g/
L; men ≤140 g/L); platelet count, normal (≥140 × 109/L) or
low (<140 × 109/L); white blood cell count, normal (>4.5–
11 × 109/L) or low (≤4.5 × 109/L); presence or absence of
gammopathy; presence or absence of bleeding/bruising/
coagulopathy); organ-related characteristics (hepatomeg-
aly, splenomegaly); and family history and other character-
istics (Jewish ancestry, family history of GD, bone pain).
Data were also collected for two factors not identified in the
GED-C consensus (splenectomy, presence or absence of
lymph-node enlargement); these two factors were
excluded from the PSS validation but included in the diag-
nostic modelling. The regional ethics committee confirmed
that no approval was needed for the analyses.

Analyses

Demographic characteristics and factors potentially indic-
ative of GD were summarised descriptively at baseline or
at presentation for specialist assessment for each condi-
tion (GD, LD, HM and ITP) and for non-GD (LD, HM
and ITP combined). Standard statistical inference com-
pared whether the frequency of factors was different
between the GD and non-GD groups. Mean differences
between groups were compared by parametric t test; fre-
quencies between groups were compared using Pearson
χ2 test. STATA (version 15; StataCorp LLC, College Station,
TX, USA) was used for all analyses.

PSS validation and ROC analysis

A score was estimated for each participant using the pro-
totype PSS (Table 1). Scores for each factor were stratified
(3 points, 2 points, 1 point and 0.5 points) based on the
GED-C panel’s consensus of the likelihood of their associ-
ation with GD.9 The highest score (3 points) was awarded
to factors deemed the most important potential indicators
of GD.9 Participant scores were calculated as the sum of
weights associated with each factor present in that partici-
pant, divided by the number of factors included. The

parametric t test was used to compare mean scores for GD
versus non-GD. Receiver-operating characteristic (ROC)
analysis was used to determine the performance accuracy
of the potential score in terms of sensitivity (detecting the
condition when it is present) and specificity (not detecting
the condition when it is absent).

A scenario analysis was conducted to understand the
impact of including different numbers and combinations
of factors in the prototype PSS, and to determine the
threshold value needed to recommend a GD test in each
scenario. The base case assumed that information would
be available about splenomegaly and about five further
factors (anaemia, thrombocytopenia, leukopenia, bleed-
ing/bruising, bone pain) based on data from routine
blood tests and patient histories. The PSS was also tested
prospectively in two patients, who presented with rele-
vant signs to the Center for Haematology, Massachusetts
General Hospital (Boston, MA, USA).

Diagnostic modelling

Maximum-likelihood, logistic regression models were
tested to determine odds ratios for potential GD risk fac-
tors. Categorical definitions for each factor are defined
above. Optimism-corrected c-index estimates were cal-
culated using internal bootstrap validation based on 500
simulations to assess the performance of the model.

Results

Patient population

Baseline characteristics

Adults with GD, LD, HM or ITP (n = 25 per group; N
= 100) were included in the analysis (Table 2). In both
the GD and non-GD groups just over half of individuals
were men and most were white. The GD group included
more patients with Jewish ancestry and more with a
family history of GD than did other groups. Comparing
clinical characteristics between the GD and other groups
(Table 2), mean serum ferritin levels were generally
higher in the GD than in the non-GD groups, but the dif-
ference only reached significance versus LD. Only
patients with GD had undergone splenectomy; hepato-
megaly and splenomegaly were significantly more fre-
quent with GD than with other conditions, the
exception being LD, in which splenomegaly was as prev-
alent. Mean haemoglobin levels suggested all groups
were moderately anaemic; the ITP group was severely
thrombocytopenic, the GD and LD groups were on aver-
age moderately thrombocytopenic; mean platelet counts
in the HM group were in the normal range. Gammopathy
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was more common with LD than with GD or HM, and
only one case of gammopathy was recorded among
patients with ITP, although gammopathy data were miss-
ing for about one-third of non-GD patients.

Prototype PSS validation and ROC analysis

Data for 11 factors identified in the audit were available
from 52 patients. The prototype PSS seemed to discrimi-
nate robustly between patients with GD and other
patients in the population (mean PSS difference (95%
confidence interval (CI)) for non-GD score minus GD
score, −0.49 (−0.68, −0.31)). Moreover, the diagnostic

accuracy (i.e. sensitivity and specificity) of the proto-
type PSS using data from all 11 factors was high (ROC
area under the curve (95% CI), 0.88 (0.78, 0.97); Fig-
ure 1). Scores equal to or greater than a threshold value
of 0.82 identified all patients with GD in the analysis
set. The ability of the prototype PSS to discriminate
between different conditions in the test population is
illustrated in Figure 2.

Scenario analysis of the PSS

Implementation of the PSS in clinical practice may be
limited by data availability for all of the 11 factors

Table 2 Patient and disease characteristics at baseline

Parameter GD (n = 25) LD (n = 25) HM (n = 25) ITP (n = 25)

P-value P-value P-value

Demographic characteristics
Male 14 (56) 16 (64) 0.56 14 (56) 1.00 13 (52) 0.78
Age, mean (SD)† (years) 31 (13.2) 48 (13.1) – 72 (11.7) – 59 (21.0) –

Ethnicity 0.24 0.097 0.048
White 22 (88) 20 (80) 18 (72) 17 (68)
Asian/Asian British 1 (4) 4 (16) 1 (4) 7 (28)
Black/African/Caribbean/black British 0 1 (4) 2 (8) 0
Other 0 0 4 (16) 1 (4)
Missing 2 (8)

Serum ferritin level, mean (SD) (μg/L) 857 (1340) 213 (242) 0.029 546 (1088) 0.42 224 (340) 0.060
Missing 6 (24) 2 (8) 4 (16) 7 (28)

Haematology
Haemoglobin, mean (SD) (g/L) 114 (21.3) 102 (18.8) 0.54 109 (24.0) 0.48 105 (26.0) 0.22
Missing 3 (12)

Platelet count, mean (SD) (×109/L) 120 (86.8) 94 (70.9) 0.26 181 (77.9) 0.017 23 (26.5) <0.001
Missing 4 (16)

White blood cell count, mean (SD) (×109/L) 5 (2.9) 4 (1.8) 0.046 10 (4.7) <0.001 5 (1.8) 0.47
Missing 6 (24)

Gammopathy 9 (36) 19 (86) <0.001 5 (26) 0.49 1 (8) 0.076
Missing 0 3 (12) 6 (24) 13 (52)

Lymph-node enlargement 0 7 (32) 0.003 15 (60) <0.001 4 (16) 0.041
Missing 1 (4) 3 (12)

Organ-related
Hepatomegaly 14 (67) 3 (12) <0.001 1 (4) <0.001 0 <0.001
Missing 4 (16)

Splenectomy 5 (23) 0 0.012 0 0.012 0 0.012
Missing 3 (12)

Splenomegaly 17 (77) 17 (68) 0.48 4 (16) <0.001 0 <0.001
Missing 3 (12)

Family history and other
Jewish ancestry 9 (39) 0 0.006 5 (20) 0.15 4 (16) 0.072
Missing 2 (8) 10 (40)

Family history of GD 8 (36) 0 0.003 0 <0.001 0 <0.001
Missing 3 (12) 5 (20)

Bone pain 17 (81) 0 <0.001 2 (8) <0.001 0 <0.001
Missing 4 (16)

Data are n (%) unless stated otherwise. P-values are for comparison with the GD group. †GD, age at diagnosis; non-GD groups, age at last record used.
GD, Gaucher disease; HM, haematological malignancy; ITP, immune thrombocytopenia; LD, liver disease; SD, standard deviation.
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assessed here. It was assumed that only patients with
unexplained splenomegaly would be assessed with the
PSS, thus different scenarios were examined starting
with a base case of splenomegaly plus five other factors
(anaemia, thrombocytopenia, leukopenia, bleeding/
bruising and bone pain) for which information would
typically be available (92 out of 100 patients in this anal-
ysis). Area under the ROC curve, the cut-off score neces-
sary to achieve 100% sensitivity and the associated level
of specificity attained in each of nine scenarios (including
the optimum scenario of 11 factors) are summarised in
Table 3; group mean data and between-group means for
each scenario are summarised in Figure 3.

Diagnostic accuracy was generally good across the dif-
ferent scenarios despite including fewer than the opti-
mum number of 11 factors: the area under the ROC
curve ranged from 0.75 to 0.90, the highest value being
associated with the base case plus hepatomegaly. Indeed,
adding hepatomegaly to the base case increased the level
of specificity associated with 100% sensitivity more than
any other factor (from 37% to 53%); only the specificity
of the optimum scenario was greater (71%). Information
about gammopathy and hyperferritinaemia improved
specificity but did not increase that seen with hepato-
megaly even when all three factors were included. Infor-
mation about family history of GD or Jewish ancestry
made little difference to the specificity of the base case in
this analysis population.

Prospective case studies

Two patients presenting with factors included in the PSS
were scored and tested prospectively for GD. Threshold dis-
criminatory values were determined for these particular sets
of factors using the same approach as applied in the scenario
analysis. Both patients had PSS scores considerably greater
than the threshold discriminatory values determined using
test population data, and both tested positive for GD.

Patient 1

This was an asymptomatic 67-year-old Jewish patient
(Jewish ancestry; 2 points) who had platelet counts in
the range of 90–120 × 109/L (mild to moderate throm-
bocytopenia; 2 points) and haemoglobin concentration
in the range of 100–105 g/L (mild to moderate anaemia;
2 points) for decades. The patient had also had a slightly
enlarged spleen for 3 years (14 cm on ultrasound with a
41 mm density (splenomegaly <3 × normal); 0 points)
and a serum ferritin level of 401 μg/L (mild
hyperferritinaemia; 2 points). Following serial com-
puterised tomography scans of the spleen and subse-
quent laparoscopic surgical evaluation because of a
differential diagnosis of lymphoma, the spleen was even-
tually removed, leading to a diagnosis of GD. Based on
five factors possibly indicative of GD, the patient’s PSS
score was 1.60 (2 + 2 + 2 + 0 + 2 = 8; 8/5 = 1.60), well in
excess of the theoretical threshold of 0.60.

Patient 2

This was a 19-year-old patient who had experienced
‘growing pains’ for 3–4 years (bone issues; 2 points), and
had an enlarged spleen (28 cm long on ultrasound
(splenomegaly ≥3 × normal); 3 points), a platelet count
of 57 × 109/L (mild to moderate thrombocytopenia; 2
points), easy bruising (bleeding/bruising/coagulopathy;
0.5 points) and a haemoglobin concentration of 128 g/L

Figure 1 The receiver-operating characteristic (ROC) curve illustrating

the accuracy† of the prototype point-scoring system (11 factors) for iden-

tifying Gaucher disease in the sample population (n/N = 52/100). †The
closer the area under the ROC curve is to 1, the more accurate the diag-

nostic tool. n, number of patient records included in the analysis; N, sam-

ple population. AuC, area under the curve; CI, confidence interval.

Figure 2 Scatter plot of prototype point-scoring system (PSS) scores

(11 factors) by condition. GD, Gaucher disease; HM, haematological

malignancy; ITP, immune thrombocytopenia; LD, liver disease.

Mehta et al.

Internal Medicine Journal 50 (2020) 1538–1546
© 2020 The Authors. Internal Medicine Journal published by John Wiley & Sons Australia, Ltd on behalf of Royal Australasian College of Physicians

1542



Ta
b
le

3
Pr
ot
ot
yp

e
po

in
t-
sc
or
in
g
sy
st
em

sc
en

ar
io

an
al
ys
is
of

di
ffe

re
nt

co
m
bi
na

tio
ns

of
fa
ct
or
s
po

te
nt
ia
lly

in
di
ca
tiv
e
of

G
au

ch
er

di
se
as
e
(G
D
)

Sc
en

ar
io

M
aj
or

fa
ct
or
s

M
in
or

fa
ct
or
s

n
A
uC

(9
5%

C
I)

C
ut
-o
ff

sc
or
e

fo
r
10

0%

se
ns
iti
vi
ty

Sp
ec
ifi
ci
ty

at
10

0%

se
ns
iti
vi
ty

Sp
le
no

m
eg

al
y

H
ep

at
om

eg
al
y

Th
ro
m
bo

cy
to
pe

ni
a

A
na

em
ia

G
am

m
op

at
hy

H
yp

er
fe
rr
iti
na

em
ia

Bo
ne

is
su
es
†

Je
w
is
h

an
ce
st
ry

Fa
m
ily

hi
st
or
y

of
G
D

Bl
ee

di
ng

‡
Le
uk
op

en
ia

1.
A
ll
fa
ct
or
s

X
X

X
X

X
X

X
X

X
X

X
52

0.
87

5
(0
.7
84

,0
.9
67

)
0.
81

8
71

%

2.
Ba

se
ca
se
§

X
X

X
X

X
X

92
0.
81

9
(0
.7
15

,0
.9
23

)
0.
66

6
37

%

3.
Ba

se
ca
se

+

he
pa

to
m
eg

al
y

X
X

X
X

X
X

X
92

0.
90

0
(0
.8
30

,0
.9
71

)
0.
71

4
53

%

4.
Ba

se
ca
se

+

hy
pe

rf
er
rit
in
ae
m
ia

X
X

X
X

X
X

X
76

0.
80

8
(0
.7
02

,0
.9
15

)
0.
71

4
48

%

5.
Ba

se
ca
se

+

ga
m
m
op

at
hy

X
X

X
X

X
X

X
70

0.
74

5
(0
.6
29

,0
.8
62

)
0.
71

4
45

%

6.
Ba

se
ca
se

+

al
lc
lin
ic
al

in
fo
rm

at
io
n

X
X

X
X

X
X

X
X

X
61

0.
82

6
(0
.7
18

,0
.9
34

)
0.
77

7
53

%

7.
Ba

se
ca
se

+

Je
w
is
h
an

ce
st
ry

X
X

X
X

X
X

X
82

0.
86

3
(0
.7
67

,0
.9
59

)
0.
57

1
39

%

8.
Ba

se
ca
se

+

fa
m
ily

hi
st
or
y
of

G
D

X
X

X
X

X
X

X
87

0.
86

1
(0
.7
73

,0
.9
49

)
0.
57

1
40

%

9.
Ba

se
ca
se

+

al
lf
am

ily

in
fo
rm

at
io
n

X
X

X
X

X
X

X
X

79
0.
89

1
(0
.8
11

,0
.9
71

)
0.
50

0
40

%

†I
nc
lu
di
ng

pa
in
,
cr
is
es
,
av
as
cu
la
r
ne

cr
os
is
an

d
fr
ac
tu
re
s.

‡I
nc
lu
di
ng

br
ui
si
ng

or
co

ag
ul
op

at
hy
.
§B

as
e
ca
se

w
as

de
fi
ne

d
as

sp
le
no

m
eg

al
y
pl
us

th
ro
m
bo

cy
to
pe

ni
a,

an
ae
m
ia
,
bo

ne
pa

in
,
bl
ee

di
ng

/b
ru
is
in
g

an
d
le
uk
op

en
ia
.A

uC
,a

re
a
un

de
r
cu
rv
e;

C
I,
co

nfi
de

nc
e
in
te
rv
al
.

GED-C PSS algorithm

Internal Medicine Journal 50 (2020) 1538–1546
© 2020 The Authors. Internal Medicine Journal published by John Wiley & Sons Australia, Ltd on behalf of Royal Australasian College of Physicians

1543



(mild to moderate anaemia; 2 points). The patient had
no Jewish ancestry (0 points). Initial clinical opinion was
leukaemia but GD was diagnosed following bone mar-
row biopsy. Based on six factors possibly indicative of
GD, the patient’s PSS score was 1.58 (2 + 3 + 2 + 0.5 + 2
+ 0 = 9.5; 9.5/6 = 1.58), well in excess of the theoretical
threshold of 0.33.

Comparison of GD risk factors in GD and non-
GD groups

Between-group comparison of factors potentially indica-
tive of GD that were included in regression models are
summarised in Table 4. Abnormalities of many of these
factors were significantly more prevalent in the GD than
in the non-GD group. Non-significant between-group
differences were seen in haemoglobin concentration,
platelet count, white blood cell count and the presence
of gammopathy; values for comparisons of all factors are
presented in Supporting Information Table S1.

Multivariate logistic regression analysis

Data for regression modelling were available from 49
patients with complete information for all GD risk fac-
tors. No factors were significant predictors of GD in the
multivariate regression. Odds ratios and CI for each

factor are shown in Table S2. The c-index (95% CI) esti-
mate was 0.99 (0.98,1.00).

Discussion

The prototype PSS reported previously9 has been adapted
to create a simple scoring algorithm that predicted GD
with a high level of sensitivity and specificity in a test pop-
ulation that included cohorts of patients with GD and of
patients with other diagnoses but with signs overlapping
those in GD. Several factors were significantly more com-
mon among patients with than without GD in this study
and these probably contribute most to the PSS algorithm
in terms of discriminatory power. It was striking that the
prevalence of factors such as anaemia, thrombocytopenia,
leukopenia and gammopathy, which are common in GD
and contribute to the aggregate PSS score, were no more
prevalent in GD than in the non-GD group. This perhaps
illustrates why such factors in isolation or in combination
offer clinicians little help in reaching a differential diagno-
sis of GD.

Predictive scoring systems are commonly generated
using multivariate regression analyses to identify which
factors are significant independent predictors of a given
outcome.12,13 Regression analysis in this test population,
using the same factors as used in the PSS, yielded good-
quality models that were not overfitted, but did not

Figure 3 Group mean point-scoring system scores and difference between means in the scenario analysis. Base case – six factors were included:

splenomegaly, anaemia, thrombocytopenia, leukopenia, bruising/bleeding and bone pain. Combinations of the base case and the other five factors are

shown. CI, confidence interval; GD, Gaucher disease; SD, standard deviation.
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identify any significant predictors among the factors
tested. The CI associated with many of the factors
included in the regression analyses were large, indicating
that the models were underpowered.
One limitation of this study is that the PSS algorithm

was developed using data from patients with established
GD, which could potentially affect the ability of the PSS
to detect early disease. However, perhaps the key limita-
tion of our analysis is its generalisability, which cannot
be ascertained without prospective validation in a larger
and more diverse patient group. Testing a scoring system
prospectively is an important part of validation but is
inherently challenging with the GED-C PSS owing to the

very low prevalence of GD in the general population.
Prospective validation would have to be undertaken in
populations in which GD is overrepresented, such as the
Ashkenazi Jewish community. Even so, thousands of
patients would have to be screened to power a prospec-
tive study adequately. Limited prospective testing to con-
solidate how the algorithm is applied and how well it
performs may be possible by studying a population-level
data set such as the Danish National Patient Registry.14

Other options might involve specialists at GD centres,
surgical groups scheduling splenectomy, and
haematologists or hepatologists encountering spleno-
megaly, but these routes would probably yield too few
patients for robust prospective validation. Given this, it
seems unfeasible to pursue multivariate regression anal-
ysis prospectively in GD.
Rather than relying on clinical routes of validation, an

alternative might be to focus on patients with no GD
diagnosis but with a major sign of the disease such as
splenomegaly, as was assumed in the base case described
here. Reaching a diagnosis is possibly the most intracta-
ble problem in GD type 1, owing to its rarity and to clini-
cians’ lack of awareness of the disease.5 A patient-led
route may complement existing referral mechanisms
and may be more effective than trying to raise the profile
of GD among general clinicians. Development of an
online calculator based on the PSS for use by patients in
partnership with their primary care provider may facili-
tate referral for GD testing. Linking an on-line version of
the algorithm to search engine results relating to organ-
omegaly or bone conditions may be feasible and could
reach patients with relevant unexplained signs. An
online calculator, or a checklist of major and minor
signs, may also be useful on referral to specialist second-
ary care, perhaps saving patients from unnecessary bone
marrow biopsy or even splenectomy.
In a primary care setting, availability of information

for the various factors considered here may be limiting.
Among patients with unexplained splenomegaly, pri-
mary care physicians should have ready access to data
regarding anaemia, thrombocytopenia, leukopenia,
bruising/bleeding and bone pain, and may have knowl-
edge of Jewish ancestry or family history of GD. In our
analyses, information about liver enlargement would
seem to be the most useful addition diagnostically and
providing such guidance as part of an online algorithm
might help to expedite differential diagnosis. Our find-
ings also suggest that in secondary and tertiary care,
awareness of GD among hepatologists should be raised;
whereas previous publications4,15 have suggested diag-
nosis of GD is most likely delayed because of its similarity
to HM, surprisingly just as many patients with LD share
factors potentially indicative of GD. Based on ROC

Table 4 Between-group comparison of categorical factors potentially
indicative of Gaucher disease (GD)

Factor, n (%) Non-GD
(n = 75)

GD
(n = 25)

P-value

Serum ferritin levels <0.001
Normal (<300 μg/L) 45 (60) 5 (20)
Abnormal (≥300 μg/L) 17 (23) 14 (56)
Missing 13 (17) 6 (24)

Haematology
Haemoglobin 0.42
Normal (F >130 g/L; M >140 g/L) 6 (8) 3 (12)
Low (F ≤130 g/L;M ≤140 g/L) 69 (92) 19 (76)
Missing 0 3 (12)

Platelet count 0.63
Normal (≥140 × 109/L) 21 (28) 7 (28)
Low (<140 × 109/L) 54 (72) 14 (56)
Missing 0 4 (16)

White blood cell count 0.53
Normal (>4.5–11 × 109/L) 41 (55) 10 (40)
Leukopenia (≤4.5 × 109/L) 34 (45) 9 (36)
Missing 0 6 (24)

Gammopathy 25 (47) 9 (36) 0.35
Missing 22 (29) 0

Lymph-node enlargement 26 (36) 0 <0.001
Missing 3 (4) 1 (4)

Organ-related <0.001
Hepatomegaly 4 (5) 14 (67)
Missing 0 4 (16)

Splenectomy 0 5 (23) <0.001
Missing 0 3 (12)

Splenomegaly 21 (28) 17 (77) <0.001
Missing 0 3 (12)

Family history and other 0.001
Jewish ancestry 9 (14) 9 (39)
Missing 10 (13) 2 (8)

Family history of GD 0 8 (36) <0.001
Missing 5 (7) 3 (12)

Bone pain 2 (3) 17 (81) <0.001
Missing 0 4 (16)

Data are presented as n (%) for categorical measures. Proportion differ-
ences between groups compared using Pearson χ2 test. F, female;
M, male.
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analysis, all of the scenarios examined here had reason-
able diagnostic accuracy but in order to capture all
patients with GD, the level of specificity decreased nota-
bly when fewer than 11 factors were included. Despite
this, results of two prospective case studies were
encouraging.

Conclusions

Subject to further validation, the PSS algorithm reported
here may prove to be a powerful discriminatory tool in
predicting whether splenomegaly is attributed to GD.
Reducing unnecessary investigations, time to diagnosis,
and therefore to appropriate management, would

alleviate some of the anxiety experienced by patients
and their families and is critical to ensuring the best
patient outcomes.
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