Supplementary materials

Table S1: Quality assessment of RCTs using National Institute for Health and Care Excellence (NICE) single technology appraisal (STA)

Author Year Randomization Concealment of Groups Similar at Blinded to Allocation Drop Out More Outcomes ITT?
Allocation Baseline Imbalance? than Reported
Grade Grade Grade Grade Grade Grade Grade
Mistry 2017 Low risk Unclear Unclear Low risk Low risk Low risk Low risk




Table S2. Quality assessment of nRCTs using the Newcastle-Ottawa scoring (NOS) tool

Author Year Selection Comparability Outcome Total
Representativeness of Selection Ascertainment of Outcome Comparability Assessment of Was Adequacy score
the exposed cohort of the non- exposure of interest of cohorts on outcome follow-up of follow
exposed not the basis of the long up of
cohort present at design or enough for cohorts
start of analysis outcomes
study to occur
Arkadir 2018 1 0 1 0 0 1 1 1 5
Chipeaux 2017 1 1 1 0 0 0 1 1 5
Conradi 1984 0 0 1 0 0 1 1 1 4
Dekker 2011 1 0 1 0 1 0 1 0 4
Elstein 2017 1 0 1 0 0 0 1 0 3
Ferraz 2016b 0 0 1 0 0 0 1 0 2
Franco 2017 1 0 0 1 1 0 1 0 4
Fuller 2015 1 1 1 0 0 1 1 1 6
Gaspar 2014 0 0 1 0 0 0 1 0 2
Kang 2017 1 1 0 0 0 0 1 0 3
Lloyd-Evans 2003 0 0 1 0 0 0 1 0 2
Lukina 2019 1 0 1 0 0 1 1 1 5
Mirzaian 2015 1 1 1 1 1 1 1 0 7
Mistry 2014 0 0 0 0 0 0 0 0 0
Moraitou 2014 1 1 0 0 0 0 1 0 3
Murugesan 2016 1 0 1 0 0 0 1 1 4
Murugesan 2018 1 0 1 0 1 0 1 0 4
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Table S3. Quality assessment of animal studies using Syrcle

Author Year Allocation Groups Concealment Random Caregivers/ Random Outcome Incomplete Free of Free of Other
Sequence Similar at Housing Investigators Assessment Assessor Data Selective Problems?
Baseline Blinded Blinded Outcome
Reporting
Atsumi 1993 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk Unclear
Barnes 2014 Unclear Low risk Low risk Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Bodennec 2003 Unclear NA NA Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Cabrera- 2010 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Salazar
Cabrera- 2012 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk High Risk
Salazar
Dahl 2015 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Dai 2016 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Dasgupta 2015 Unclear Low risk Unclear Unclear Unclear Unclear Unclear Low risk Low risk Low risk
Enquist 2007 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Farfel-Becker 2013 Unclear Low risk Unclear Unclear Unclear Unclear Unclear Low risk Low risk Low risk
Ferraz 2016a Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Hamler 2017 Unclear Low risk Unclear Unclear Unclear Unclear Unclear Low risk Low risk High Risk
Karageorgos 2016 Unclear Low risk Unclear Low risk Unclear High risk High risk Low risk Low risk Low risk
Liu 2012 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk Unclear
Lukas 2017 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk High risk
Marshall 2016 2016 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk High risk
Mistry 2010 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk High Risk
Mistry 2014 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk High Risk




Orvisky 2000 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Pandey 2017 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Pavlova 2013 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Pavlova 2015 Unclear NA NA Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Rocha 2015 Unclear NA NA Low risk Unclear Unclear Unclear Low risk Low risk High Risk
Sardi 2017 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk High Risk
Smith 2018 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Sun 2010 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Sun 2011 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Sun 2012 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Sun 2013 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Taguchi 2017 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk High risk
Vardi 2016 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Zhang 2017 Unclear Low risk Unclear Low risk Unclear Unclear Unclear Low risk Low risk Unclear




Table S4. In vitro studies reporting on intracellular lyso-Gb1 levels in GD models or cell lines.

Author(s), Year

[Reference]

Sample

Intervention

Key Findings

Human

Sasagasako et al.,

Cultured fibroblasts from patients with

GD cells exposed to

lyso-Gb1 loading.

Controls exposed to

Lyso-Gb1 was not detected in GD cells but
accumulated in control cells exposed to
CBE. After lipid loading, lyso-Gb1

1994 [1] types 1, 2, and 3 GD and controls lyso-Gb1 loading and L T
» degradation in GD cells was similar to that
CBE (a specific GBA
in control cells
inhibitor)
Type 2 GD primary macrophages had an
18-fold higher level of lyso-Gb1 than did
control clonal macrophages, whereas
NCGC00188758, (a primary macrophages and clonal
Aflaki etal, 2014  Macrophages from patients with types 1 and

(2]

2 GD and controls

non-inhibitory

macrophages with the N370S/N370S

chaperone of GBA) genotype had a 2.8- and 3.2-fold higher
level than did controls, respectively.
CGC00188758 reduced lyso-Gb1
concentrations in all cell types tested
Neural precursor cells and neurons . L
. . . Lyso-Gb1 concentrations significantly
differentiated from pluripotent stem cells . .
) ) increased in all untreated type 2 cells.
Sun et al., 2015 [3] derived from fibroblasts collected from a CBE .
. . CBE-treated control neurons had increased
patient with type 2 GD, a heterozygous
Gb1 and lyso-Gb1 levels
carrier, and a control
Pluripotent stem cell-derived dopaminergic Lyso-Gb1 accumulated owing to GBA
NCGC607 (a non-

Aflaki et al., 2016
[4]

neurons derived from fibroblasts collected
from patients with type 1 and 2 GD with

parkinsonism

inhibitory chaperone

of GBA)

deficiency. NCGC607 significantly
reduced lyso-Gbl levels in cell lines of
patients with GD

Ferraz et al., 2016
[5]

Fibroblasts obtained from patients with type
1 GD and controls

CBE or carmofur (an
irreversible inhibitor

of acid ceramidase)

Excessive lyso-Gb1 was demonstrated in
cultured fibroblasts of a collodion patients
with GD.Lyso-Gbl levels were increased
in the fibroblasts of patients with GD type
1.Lyso-Gb1 formation was induced by
exposure to CBE and reduced by exposure

to carmofur

Animal

Newborn neural cells from a type 3 GD

CBE induced a 28-fold increase in lyso-

Xu et al., 2014 [6] CBE
mouse model Gb1 level
Immortalized cortical neurons from Significant lyso-Gb1 storage was observed

Westbroek et al.,

2016 [7] embryonic null allele GBA-- mice and the None in GBA' vs. GBA** immortalized neurons

control littermate (GBA*") (485.7 vs. 0.071 mg protein, respectively)
. GBA mutant (N370S, L444P) and knockout . .
Taguchi et al., . . Lyso-Gb1 specifically accumulated in
mouse models crossed with an a-synuclein None .
2017 [8] young GD/PD mouse brain

transgenic PD mouse

CBE: conduritol B epoxide; GBA: glucosylceramidase; GD: Gaucher disease; lyso-Gb1: glucosylsphingosine; PD Parkinson disease.



Table S5. In vivo studies reporting on lyso-Gb1 accumulation in GD models.

Author(s), Year . Anatomical Compartment with Lyso-Gb1 Accumulation
Animal Model
[Reference] Blood Viscera? Bone Brain
Pharmacologically Induced GD
Atsumi et al., 1993 [9] Murine: wild type treated with cyclophellitol® v v
Rocha et al., 2015 [10] Murine: wild type treated with CBE¢ or vehicle vd
Marshall et al., 2016 [11] Murine: wild type treated with CBE Ve
Vardi et al., 2016 [12] Murine: wild type treated with CBE 4
Hamler et al., 2017 [13] Murine: wild type treated with CBE v
Conditional Type 1 GD
. Murine: GBAI gene deletion in hematopoietic and mesenchymal lineages
Mistry et al., 2010 [14] v
(knockout/LoxP/Mx1)
Sun et al., 2012 [15] hG/4L/PS-NA v
Murine: GBAmKarl/miKarTo(Mx1-Cre)1Cgn/0 vs. induced GBAmIKarl/m1Karl gnd
Pavlova et al., 2013 [16] v v
GBAtmIKarl/+ genotypes
Mistry et al., 2014 [17] Murine: double-mutant Mx1-Cret:GD1:GBA2-- v
Murine: GBAtmKarl/miKarTo(Mx1-Cre)1Cgn/0 vs. induced GBAmIKarl/im1Karl gnd
Pavlova et al., 2015 [18] Vs
GBAmI1Karl/+ genotypes
Dah et al.,1 2015 [19] Murine: Mx1-Cre* GBAflox/flox v'h v'h
Murine: GBAtmIKar/miKarTg(Mx1-Cre)1Cgn/0 with inducible knock down of GBA in
Ferraz et al., 2016a [20] . v
the WBC lineage
Neuronal GD
Cabrera-Salazar et al.,
Murine: K-14Cre* GBAM/M! vs, wild type v
2010 & 2012 [21, 22]
Sun et al., 2011 [23] Murine: 4L,C* (V394L/V394L + saposin C) v v
Farfel-Becker et al., 2013 . . )
[24] Neuronopathic GD murine: GBAflo¥/flox; nestin—-Cre v
Vardi et al., 2016 [12] Neuronopathic GD murine: GBAfo¥flo; nestin—Cre v
Bodennec et al., 2003 [25] Type 2 murine: GBA+ vs. GBA** 4
Enquist et al., 2007 [26] Type 2 murine: K-14Cre+ GBA/In! v
Karageorgos et al., 2016 Type 2 newborn lambs: homozygous C381Y vs. heterozygous C381Y and wild L, ,
[27] type




Smith et al., 2018 [28] Type 2 murine: K-14Cre* GBA/nlys. wild type v

Sun et al., 2010 [14] Type 3 (subacute) murine: transgenic 4L;C*i v v

Type 3 murine:D409V and null alleles (9V/null) (chronic)
Sun et al., 2013 [29]

9H (D409H);C* and 4L;C*h (subacute) v ,

Barnes et al., 2014 [30] Type 3 (chronic) murine: 9V/null allele with GCS transgenel v v

Dasgupta et al., 2015 [31] Type 3 (subacute) murine: transgenic 4L;C*i vk

Dai et al., 2016 [32] Type 3 (chronic) murine: D409V and null alleles (9V/null) v

Marshall et al., 2016 [11] Type 3 (subacute) murine: transgenic 4L,C*i Ve

Sardi et al., 2017 [33] Type 3 (chronic) murine: D409V/D409 alleles (9V/9V) vl

Taguchi et al., 2017 [8] GD/PD model: homozygous GBA“P/KO, GBAN3705KO, and GBAKO/KO v

Zhang et al., 2017 [34] Type 3 murine: transgenic 4L,C*8 (subacute) vs. 9V/null allele (chronic) v/m
Type 3 murine: GBAM44P/L44P h] 444P-tg8, hN370S-tg4, PS** NA 4L, and PS7- NA

Hamler et al., 2017 [13] v

4L vs. wild type

a Liver/spleen/lung.

b A GBA inhibitor

¢ A specific GBA inhibitor.

d Lyso-Gb1 levels were reduced in forebrain, midbrain, and cerebellum following removal of treatment over a period of 7 days.
e Reversed by ibiglustat, a specific inhibitor of GCS.

f Reversed by isofagomine, a potent GBA reversible competitive inhibitor and effective in vitro chaperone.

8 Reversed by eliglustat, a potent and selective inhibitor of GCS.

h Reversed by lentiviral gene therapy, which drove expression of codon-optimized GBA complementary DNA.

i Harbors a homozygous V394L mutation in the GBA locus coupled with a knock-in mutation in the saposin C-encoding region.
1 GCS transgene added to enhanced glycosphingolipid biosynthesis.

k Not reversed by isofagomine.

! Reversed by GZ667161, an inhibitor of GCS.

m Lyso-Gb1 level higher in transgenic 4L;C*g than in 9V/null allelic mice.

CBE: conduritol B epoxide; GBA: glucosylceramidase; GCS: glucosylceramide synthase; GD: Gaucher disease; lyso-Gb1: glucosylsphingosine; PD: Parkinson disease; WBC: white blood cell.



Table S6. Clinical studies reporting on lyso-Gb1 levels, as measured by liquid chromatography techniques, in GD during treatment with ERT and/or SRT.

Author(s), Year

[Reference]

Study Design

Population Type

Treatment

Observation

Dekker et al., 2011 [35]

Observational, prospective,

multicenter, longitudinal

Type 1 (N =16)

ERT: imiglucerase
(n=14); SRT: miglustat
(n=2)

Marked reductions in plasma lyso-Gb1 levels in 9 of 14
patients receiving ERT. Effect of SRT alone was less prominent

(n=2)

Rolfs et al., 2013 [36]

Observational, prospective,

single center, longitudinal

Mixed (N =19) 2

ERT: imiglucerase

Marked reductions from baseline in plasma lyso-Gb1 levels
after start of ERT (from 200 ng/mL to < 50 ng/mL on average)
and increases in plasma lyso-Gb1 levels when therapy

discontinued

Mistry et al., 2014 [17]

Observational, prospective,

cross-sectional, case control

Type 1 (n=41), control
(n=NR)

ERT: imiglucerase

Marked reductions from baseline in plasma lyso-Gb1 levels

after start of ERT (from 181 ng/mL to 99 ng/mL) compared

Mirzaian et al., 2015
[37]

Observational, prospective,

single center, longitudinal

Type 1 (N=2)

ERT

with controls (1.3 ng/mL)
Marked reductions from baseline in plasma and urine lyso-

Gbl levels after start of ERT

Fuller et al., 2015 [38]

Observational, prospective,

single center, longitudinal

Mixed (N = 20)

ERT: velaglucerase
(n=11), taliglucerase
(n = 6), imiglucerase

(n =1); untreated (n =2)

Reductions from baseline in plasma lyso-Gb1 levels after start

of ERT

Smid et al., 2016 [39]

Observational, retrospective,

longitudinal

Type 1 treatment naive
and ERT experienced
(N=17)

ERT (n=4); SRT:
eliglustat (n = 6) or
miglustat (n=9)

After 2 years, median decrease of plasma lyso-Gb1 levels was
86%, 78%, and 48% for eliglustat-, ERT-, and miglustat-naive

patients, respectively

Murugesan et al., 2016
[40]

Observational, prospective,
single center, longitudinal,

case control

Type 1 (N =116)

ERT: imiglucerase (n =
114); SRT: eliglustat (n =
14)

Marked reductions from baseline in plasma lyso-Gb1 levels
after start of ERT (from 181 ng/mL to 89 ng/mL) compared
with controls (1.5 ng/mL). By propensity scoring, SRT (1 =9)
resulted in greater reduction of lyso-Gb1 than ERT (1 = 47)

Mistry et al., 2017 [41]

Clinical trial, phase 3,
randomized, multicenter,

placebo-controlled, crossover

Type 1 treatment naive
(N =40)

SRT: eliglustat

Plasma lyso-Gb1 levels decreased during 18 months’ SRT,

including in placebo crossover patients

Arkadir et al., 2018 [42]

Observational, retrospective,

multicenter, longitudinal

Type 1 non-
splenectomized N370S
homozygotes (N = 25)

ERT: imiglucerase
(n=4), taliglucerase
(n = 4), velaglucerase
(n=17)

Plasma lyso-Gb1 levels decreased during ERT over a median

of 46 months’ follow up




Lukina et al., 2019 [43]

Clinical trial, phase 2,

multicenter

Type 1 treatment naive
(N =26)

SRT: eliglustat for 8

years

Plasma lyso-Gb1 levels decreased by 92% after 8 years of SRT

Franco et al., 2017 [44]

Observational, prospective,
multicenter, cross-sectional,

case control

Type 1 and neuronopathic
(N=31)

ERT (n = 15); untreated
(n=16)

RBC membrane levels of lyso-Gb1 were lower in patients
treated with ERT than in those not treated (0.69 vs. 0.34

pmol/mg of protein, respectively)

Elstein et al., 2017 [45]

Exploratory pooled analysis,

phase 3 clinical trials

Type 1 treatment naive
(n=22), ERT switch
(n=21)

ERT: velaglucerase

Plasma lyso-Gb1 levels were reduced in the treatment-naive
group (after 209 weeks) and switch groups (after 161 weeks)
by 83% and 52%, respectively

Zhang et al., 2017 [34]

Observational, retrospective,

multicenter, cross-sectional

Type 1 (n=9), type 2
(n=1), type3 (n=4)

ERT

Marked reductions from baseline in plasma lyso-Gb1 levels
after start of ERT (from 86 nM to 31 nM), which were still
elevated vs. healthy controls. Non-response in a patient with
type 3 GD (L444P/L444P) on velaglucerase for 16 years since
the age of 2 years

Murugesan et al., 2018
[46]

Observational, prospective,

longitudinal

Type 1 (N =41)

ERT: imiglucerase

Marked reductions in serum lyso-Gb1 levels after start of ERT
(from 181 ng/mL to 99 ng/mL)

Tylki-Szymanska et al.,
2018 [47]

Observational, prospective,

single center, cross-sectional

Type 1 and neuronopathic
(N =64)

ERT (n = 56); untreated
(n=8)

Marked reductions in plasma lyso-Gb1 among ERT-treated vs.
untreated patients (114 vs. 655 ng/mL, respectively)

Narita et al., 2016 [48]

Clinical trial, multicenter,

open-label, pilot

Neuronopathic (1 =5),
healthy controls (1 = 37)

ERT plus ambroxol®

CSF lyso-Gb1 levels fell by 26% vs. baseline. CSF lyso-Gb1
levels were below the lower limit of quantification (10.0

pg/mL) in all control subjects

a All subjects were non-Jewish and caucasian.

b Enhances endogenous GBA activity in the murine central nervous system [49].

CSF: cerebrospinal fluid; ERT: enzyme replacement therapy; GBA: glucosylceramidase; GD: Gaucher disease; lyso-Gb1: glucosylsphingosine; NR: not reported; RBC: red blood cell; SRT: substrate

reduction therapy.
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