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rare rheumatic diseases is almost double
that of ankylosing spondylitis
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Abstract

Background: Rare diseases (RDs) affect less than 5/10,000 people in Europe and fewer than 200,000 individuals in
the United States. In rheumatology, RDs are heterogeneous and lack systemic classification. Clinical courses involve a
variety of diverse symptoms, and patients may be misdiagnosed and not receive appropriate treatment. The objec-
tive of this study was to identify and classify some of the most important RDs in rheumatology. We also attempted to
determine their combined prevalence to more precisely define this area of rheumatology and increase awareness of
RDs in healthcare systems. We conducted a comprehensive literature search and analyzed each disease for the speci-
fied criteria, such as clinical symptoms, treatment regimens, prognoses, and point prevalences. If no epidemiological
data were available, we estimated the prevalence as 1/1,000,000. The total point prevalence for all RDs in rheumatol-
ogy was estimated as the sum of the individually determined prevalences.

Results: A total of 76 syndromes and diseases were identified, including vasculitis/vasculopathy (n = 15), arthritis/
arthropathy (n=11), autoinflammatory syndromes (n = 11), myositis (n=9), bone disorders (n=11), connective
tissue diseases (n =8), overgrowth syndromes (n = 3), and others (n =8). Out of the 76 diseases, 61 (80%) are clas-
sified as chronic, with a remitting-relapsing course in 27 cases (35%) upon adequate treatment. Another 34 (45%)
diseases were predominantly progressive and difficult to control. Corticosteroids are a therapeutic option in 49 (64%)
syndromes. Mortality is variable and could not be determined precisely. Epidemiological studies and prevalence data
were available for 33 syndromes and diseases. For an additional eight diseases, only incidence data were accessible.
The summed prevalence of all RDs was 28.8/10,000.

Conclusions: RDs in rheumatology are frequently chronic, progressive, and present variable symptoms. Treatment
options are often restricted to corticosteroids, presumably because of the scarcity of randomized controlled trials.
The estimated combined prevalence is significant and almost double that of ankylosing spondylitis (18/10,000). Thus,
healthcare systems should assign RDs similar importance as any other common disease in rheumatology.
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Background

Rare diseases (RDs) are a complex problem in medicine,

and the definition of a RD varies around the world. The
- . o N European Union (EU) defines a disease as rare when it
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2002 defined a disease as rare when it affects less than
200,000 people. Patients frequently remain undiagnosed
for many years, and treatment is often inefficacious.
Data on prevalence, disease burden, treatment regimens,
access to healthcare systems, and mortality are, to a great
extent, unknown. Thus, RDs remain an unresolved chal-
lenge in modern medicine.

The classification, overall prevalence, and treatment
options of rare rheumatic diseases are poorly defined.
Disorders may affect the musculoskeletal apparatus with
arthritis and myalgia but also involve other tissues in the
form of myositis, vasculitis, autoimmune organ involve-
ment, or bone diseases. Patients are often diagnosed
as having a psychosomatic disorder due to missing or
unrecognized somatic and/or objective findings. Patients
not only have to cope with their disease burden, but are
also at risk of developing additional psychiatric comor-
bidities. For example, patients with undiagnosed diseases
in Germany have a prevalence of depressive symptoms
three times higher than the average population (22% vs.
8.1%) [1, 2]. On the other hand, a verified diagnosis may
aid the patient in accepting their diagnosis and coping
with the ensuing symptoms and challenges. However, due
to the scarcity of randomized controlled trials, treatment
options for RDs are often limited and remain empirical.
In addition, the definitions of key symptoms often vary in
clinical studies, hampering uniform analyses.

RDs in rheumatology may be analyzed systematically
by prevalence, genetic background and pathogenesis,
clinical involvement, treatment options, and prognosis.
Prevalence data vary according to age, as well as global
and ethnic background. For example, seronegative sym-
metrical synovitis with pitting edema (RS3PE) has a high
prevalence among the elderly, with 0.09% of all individu-
als over the age of 50 years being affected in Japan [3], but
seems to be a quite rare disorder among younger individ-
uals. Similarly, the prevalence of adult onset Still’s disease
(AOSD) varies globally: 3.4—6.9/100,000 in Norway [4],
6.77/100,000 in Turkey [5], and 3.9/100,000 in Japan [6].
With respect to ethnic background, the estimated world-
wide prevalence of Gaucher’s disease is 1-2/100,000,
but in Ashkenazi-Jews the prevalence may be as high as
1/850 [7].

The pathogenesis and genetic backgrounds of some
RDs in rheumatology have been studied increasingly
in recent years, and in some cases well elucidated. Blau
syndrome was described in 2001 and is characterized by
mutations in the CARDI5/NOD2 gene [8] and overex-
pression of autoinflammatory cytokines [9]. Interestingly,
mutations in CARDI5/NOD?2 are also associated with
other diseases with inflammatory involvement, such as
Crohn’s disease and arthritis [10]. Familial cold urticaria
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(FCU), Muckle-Wells syndrome (MWS), and neonatal-
onset multisystem inflammatory disease (NOMID or
chronic infantile neurologic cutaneous articular syn-
drome [CINCA]) were originally thought to be three
similar but distinct diseases. Further evidence has shown
that all three syndromes are the result of mutations in
the same gene, CIASI. They are now referred to as dif-
ferent phenotypes of the same disorder, namely cryop-
orin-associated periodic syndrome (CAPS) [11, 12]. The
MEFV gene, best known for causing familial Mediterra-
nean fever (FMF) equally demonstrates the importance
of genetics in RDs [13, 14]. Heterozygous mutations in
MEFYV are also found in many children with periodic
fever, stomatitis, pharyngitis, adenitis (PFAPA) [15, 16].
Findings suggest that exon variants in MEFV may also be
associated with AOSD [17].

With respect to pathogenesis, infectious agents may
also play a role in RDs. As some diseases follow a distinct
seasonal pattern, infectious pathogenesis has been sug-
gested for Kawasaki disease [18, 19], and IgA-vasculitis
(formerly Henoch-Schonlein purpura) [20, 21].

Furthermore, some diseases are probably modulated
by hormonal alterations, such as pachydermoperiostosis
[22]. Although a disease-causing genetic mutation has
been detected [23], males are seemingly more commonly
and severely affected [24]. RDs in rheumatology involve a
variety of tissues and organ systems. For example, joints
are affected by pigmented villonodular synovitis [25],
the skeletal system by Camurati-Engelmann disease [26],
and internal organs by AOSD [27]. The skin is involved in
pyogenic arthritis, pyoderma gangrenosum, acne (PAPA)
syndrome [28], blood vessels in granulomatosis with pol-
yangiitis (GPA) [29], connective tissue in systemic scle-
rosis [30], and muscles in inclusion body myositis (IBM)
[31].

Treatment options often, but not exclusively, include
corticosteroids, such as in RS3PE [32] and eosinophilic-
myalgia syndrome [33]. Although research on RDs is
often limited to retrospective, single center trials or case
reports only, randomized controlled trials (RCTs) have
been increasingly available in recent years for some con-
ditions, such as granulomatosis with polyangiitis [34],
PFAPA syndrome [35], and FMF [36].

The disease course may be classified as self-limited
(e.g., Kawasaki disease), chronic with a variable remit-
ting-relapsing course during treatment (e.g., Takayasu
arteritis), and chronic with a predominantly progressive
and difficult to control course (e.g., systemic sclerosis).

The prognosis for RD varies and may be affected by the
primary disease, complications, and treatment, especially
long-term immunosuppression.
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The objective of this study was to analyze the com-
plexity of RDs in rheumatology. Based on data from the
literature, we identified some of the most important
sets of rheumatic diseases and calculated their com-
bined prevalence. Our data may give better insight into
this area of rheumatology, aid specialized centers for
RDs, and raise overall awareness in the healthcare field.

Results

The diseases extracted from the databases are summa-
rized in Table 2 of Appendix. The 76 syndromes and
diseases were classified as follows: vasculitis/vascu-
lopathy (n=15), arthritis/arthropathy (n=11), autoin-
flammatory syndromes (n=11), myositis (n=9), bone
disorders (n=11), connective tissue diseases (n=38),
which include inflammatory as well as non-inflamma-
tory conditions, overgrowth syndromes (n=3), and
others (n=38). A definitive genetic cause was identified
in 26 diseases (34%). Out of the 76 conditions, 34 dis-
eases (44%) were classified as chronic, primarily pro-
gressive, and difficult to control. Twenty-seven diseases
(35%) were classified as chronic with a variable remit-
ting-relapsing course. Six diseases (7%) were classified
as self-limited. Acute phase reactants may be elevated
in 49 diseases (64%). Corticosteroids are used as a
therapeutic option in 49 diseases (64%). The mortality
was variable and could not be determined precisely, but
nine diseases (11%) were considered severe and poten-
tially lethal if left untreated.

Prevalence data were available for 28 syndromes and
diseases. For an additional five diseases, estimated prev-
alence data were already available. For another eight
diseases, only incidence data were available. The preva-
lence of 38 diseases was estimated at 1/1,000,000, for 4
diseases at 1/100,000, and for 1 disease at 1/10,000. The
combined prevalence per 10,000 is given in Table 1 (see
also Figs. 1 and 2). The summed prevalence of all avail-
able and estimated RDs was 28.8/10,000.

Discussion
RDs are challenging for patients, healthcare profession-
als, and societies. Signs and symptoms often remain
unrecognized and patients are excluded from specific
treatment. Patients are frequently diagnosed with a psy-
chosomatic disorder. Conversely, some patients with true
extrasomatic diagnoses insist on the presence of a RD
and cause significant expenses to healthcare systems. To
overcome this bias, the importance of RDs should be rec-
ognized in public healthcare.

The knowledge of RDs is mostly available from case
reports or case studies. On one hand, these studies are
important in order to document essential information,
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such as commonly reported symptoms, different treat-
ment regimens, and outcomes. However, such studies
may involve reporting bias and, thus, are difficult to com-
pare. For example, multicentric histiocytosis is a disease
primarily reported in Caucasian women. However, this
may be due to increased awareness in Western countries.
Furthermore, women may consult a doctor more often
and simulate a female Caucasian predominance [37].

Most studies scrutinizing RDs are designed as sin-
gle center, retrospective studies due to a lack of patient
numbers or networks. Larger registries would provide an
opportunity to conduct retrospective or prospective and
multicenter studies with a greater number of participat-
ing patients. Therefore, further development of interna-
tional expert centers and registries is in great demand. In
recent years, advances have been made due to the estab-
lishment of international expert/reference centers. For
example, the Eurofever project for autoinflammatory dis-
eases provided classification criteria and evaluated treat-
ment options for multiple disorders [38, 39].

In addition, genetic testing has become increasingly
available and, thus, more important in recent years. For
example, whole exome sequencing in patients with simi-
lar symptoms without previous knowledge of candidate
genes led to the identification of WISP 3 and SLCO2A1
as the pathogenic mutations in progressive pseudorheu-
matoid dysplasia [40] and primary hypertrophic osteoar-
thropathy [23].

In this study, we aimed to identify and classify RDs in
rheumatology. We were able to show that the most com-
mon symptoms in rare rheumatic diseases are arthri-
tis (31.0%, 89.3/100,000), followed by vasculitis (26.6%,
76.8/100,000), and connective tissue involvement (16.0%,
46.1/100,000), which in this study includes inflammatory
as well as non-inflammatory conditions. Importantly,
the total prevalence of a symptom was commonly domi-
nated by only a few comparatively prevalent diseases. For
example, systemic sclerosis (prevalence: 22.5/100,000)
makes up 48.8% of all rare rheumatic diseases with con-
nective tissue involvement.

Our study has several limitations. First, the nomen-
clature for diseases and syndromes is often used inter-
changeably, and the same disease or a variation in the
same group of diseases is sometimes named differently.
For example, CAPS is formerly known as Muckle-Wells,
CINCA/NOMID, or familial cold autoinflammatory syn-
drome [12]. This may lead to incomplete search results
and impede the comparability of available studies. Sec-
ond, most prevalence data are almost exclusively based
on retrospective analyses of hospital information or
questionnaires. Prevalence data also vary according to
ethnic background, geography, and age, which makes
the use of overall prevalence data quite uncertain. For
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example, FMF or Behcet’s are more common in Mediter-
ranean and Middle Eastern populations [41, 42] and rare
in other regions, demonstrating the difficulty in using a
local geographic prevalence. Similarly, although cur-
rently considered a RD by the European definition, an
Italian study found an unexpectedly high overall preva-
lence of 8.5/10,000 for cryoglobulinemic vasculitis, which
would no longer be defined as a RD. Although this study
had some limitations, including the implementation of
a questionnaire leading to a higher participation rate in
the elderly population than the younger age groups, we
decided to exclude cryoglobulinemic vasculitis from
our list of rare rheumatological diseases. Our reasoning
for this was the methodically more accurate estimation
of prevalence by this study [43]. A well-known, veri-
fied RD, systemic sclerosis is quite common in Choctaw
Native Americans (prevalence 66/100,000 in Oklahoma
Choctaws and 469/100,000 in full-blooded Choctaws

[44]), but rare among all other studied populations [45].
This may be due to a unique HLA haplotype, but other
environmental factors may also play a role. Furthermore,
our estimates of prevalence data may be somewhat inac-
curate. We probably underestimated the prevalence by
choosing 1 in 1,000,000 rather than 1 in 100,000, and the
total prevalence of rare rheumatic diseases is likely to be
even higher than our estimate of 29.6/10,000.

Prevalence data may also differ depending on age. For
example, giant cell arteritis is probably extremely rare
in younger patients but quite frequent in patients older
than 55 years of age (UK 250/100,000 [46]), with age-
independent prevalence data being difficult to obtain.
Because the overall estimated prevalence may be even
higher than 1/10,000, we also excluded giant cell arteritis
from our list of RDs in rheumatology.

Similarly, we also excluded systemic lupus erythe-
matodes, one of the better known “rare” diseases in
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rheumatology from our study, as recent epidemiological
studies suggest that it is probably not a rare disease by the
above mentioned European definition [47]. Furthermore,
we also excluded rhupus syndrome, because it is sus-
pected to be an overlap of systemic lupus erythematodes
and rheumatoid arthritis and thus its prevalence may be
difficult to obtain and distinguish [48].

The classification system we used also has its limita-
tions. Conditions can be classified by their etiology or
by their clinical appearance. As the etiology of many rare
diseases remains unknown, we decided to classify dis-
eases according to their main organ system involved in
the clinical appearance of the disease. Exceptions include
the category of autoinflammatory and overgrowth syn-
dromes, where multiple organ systems may be involved,
and the conditions in one group have a basic (suspected)

etiology in common. However, overlaps between
included conditions may have occurred because of the
complex nature of some RDs.

Another pitfall is that diagnostic and/or classification
criteria may differ in varying definitions of the diseases
(e.g., familial Mediterranean fever), are not well estab-
lished, and have been suggested based on radiographic or
histological findings. In most cases, no validation studies
are available to confirm specificity and sensitivity.

We observed that RCTs are available only for some
RDs, such as Behcet’s disease [49] or ANCA-associated
vasculitis [34]. Furthermore, most follow-ups of patients
with RDs are rarely published. Larger patient cohorts
would be necessary to obtain reliable data on outcome,
disease progression, morbidity, and mortality. Treatment
complications in most, if not all, RDs may be due to the
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disease itself or adverse events to immunosuppressive
treatment. These data merit in-depth analyses, as they
may shed more light on the disease and its pathophysiol-
ogy or potential treatment options.

Incidence and prevalence data have become available
for increasingly more RDs and, in some cases, the preva-
lence has even increased in recent years (e.g., Kawasaki

disease) [50]. This trend may be due to a true increase
in incidence, increased diagnosis of previously undiag-
nosed patients due to an upsurge in physician or patient
awareness (internet, patient support groups, RD asso-
ciations, etc.), or simply due to better national reporting
systems and databases. In addition, an increased overall
life expectancy in the general population has led to an
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increased incidence and prevalence of conditions that
predominantly affect the elderly (e.g., GCA). Continu-
ously better treatment options may also lead to prolonged
overall survival with an increase in prevalence rates.

In this study, we found that the cumulative prevalence
of RDs in rheumatology is at least 28.8/10,000, which is
almost double that of ankylosing spondylitis (18/10,000)
[51], a rather common disease seen in practice. This
observation suggests that symptoms should be carefully
acknowledged in all patients, especially when an overt
psychopathology is present, as many patients with a yet
undiagnosed disorder show signs of depression or other
psychosomatic disorders [1], which can obscure the dif-
ferentiation between primary disease and secondary
complication even more for the treating physician. Our
study may aid physicians as a simple tool for diagnosing
patients with an undiagnosed rheumatic disease by com-
paring the symptoms, prevalence, and likeliness of one
disorder to another.

Conclusion

Our study shows that RDs in rheumatology are not as
rare as previously thought, affecting at least 28.8/10,000
people. Therefore, for every patient diagnosed with anky-
losing spondylitis, 1.6 patients may suffer from a rare
rheumatic disease. Although research and case reports
of RDs are important, international expert centers are
necessary to initiate and perpetuate patient cohorts and
registries, establish classification/diagnostic criteria, and
conduct clinical trials. Standard questionnaires and labo-
ratory analyses may aid in obtaining better insight into
the pathophysiology of RDs.

Methods and materials

The abstract archives of the European League Against
Rheumatism, the American College of Rheumatology,
Orpha.net, and the PubMed database were searched for
the following terms: “rare” in combination with arthri-
tis, arteritis, connective tissue disease, rheumatic, and
vasculitis. Furthermore, terms were used in various
combinations including arthralgia, autoimmune, fever,
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inflammation, joint pain, muscle pain, myalgia, and
swollen joint. Identified syndromes were then classified
according to their main appearance under the following
terms: arthritis/arthropathy, bone disorders, autoinflam-
matory syndromes, connective tissue diseases, myositis/
myopathy, overgrowth syndromes, vasculitis/vasculopa-
thy, and others. Furthermore, we conducted a search
of the literature and analyzed each disease according to
the following criteria: prevalence, genetics/pathogen-
esis, diagnostic criteria, symptoms, laboratory findings,
therapy, and prognosis. Diseases and syndromes were
assessed for their overall prevalence and excluded if they
did not meet the European definition of a RD (< 5/10,000)
(see Fig. 3).

If more than one prevalence was available, the preva-
lence data were averaged accordingly.

For statistical reasons, we estimated the prevalence for
diseases for which no epidemiological data were available
as one of three possible values: <1/1,000,000, 1/100,000
or 1/10,000. The overall total prevalence for all RDs in
rheumatology was estimated by summing up the avail-
able or estimated individual prevalence of each disease.

Appendix
See Table 1, 2.

Table 1 Results from the literature analyses

Classification N= Combined %/All RD
prevalence/100.000 (prevalence)
Vasculitis 15 76.8 26.55
Arthritis 1 89.3 309
Autoinflammatory 11 21.105 732
Bone disorders 11 4.15 144
Myositis 9 19.5 6.76
Connective tissue disease 8 46.1 15.99
Others 8 30.89 10.72
Overgrowth syndromes 3 03 0.1
Total 76 288.15 100




Page 8 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

(siuoyad

pue uoleiopad
|9MOq 03 anp)
sieak €—¢
UIYIMm Ayjjeriow
906 1970 sey
JUBLIRA DIWIRISAS

Ayzedo) ‘JUBLIPA DIUIRISAS
-NDSeA /SIIINJSEA pue paywr
MOJ Alljeriow

||e42A0 1IN AYd
-edoAwolp.ed

S| Ayjljerow

Paseadul Yim

uoledldwod

ulew ‘buisde|as

Ayiedoj -Bumiwai
-NJSEA /SII[NDSBA

(suoneindwe
“£°9) paseaidul

Aupigiow ing

‘leullou Ajjensn

Aouedadxs

Ayiedoy 9J1| ‘buisdejal
-NDSEA /SIINJSEA -bunyway

10 J1uoIyDH

gePwnz|noa
‘lunsoidan
‘syueinbeodnuy

gewIXnil ‘syues
-saiddnsounwiuly
'SPI0J231SOD110D)

(19 'ssaup|od
PIOAR) UOIDILS
-UODOSBA JO YSIi
2onpai ‘Addns
pOoO|q dZ|WIXeuwl
‘sbojeue uipue|b
-p1504d ‘uon
-BSSaD bupows

sjuaned awos

ul Ayredonbeod

punoj aq ued yHb)
paieAs|d 3|gissod
S9WAZUD |eual
pa1eAl| ‘lUuBW
-3A|0AUl UeBIO UO
Buipuadap ‘eljiyd
-0uIso9 ‘(3|q1ssod
os|e ¢ aseulaioid
Qg ‘OdwW

Ajurew) aanjsod

“VONV %0% — 0¢

|eusiou Ajjensn sia
Sjlew Alorewwejjul

(sbeyrowsay ‘sisoq
-Woly3 ‘uoielopad
[9moq) Aljeriow
pue Alpigiow ybiy
yum a|qissod jusw
-9A|OAUI DIUIRISAS
195U0 USppNs
‘Wi dne1dsibuelal
|esoyduad pue
Aydouie [enuad
YIM SUOISS| UDS )
-nded ‘s1eak 05-0¢
abe 1e A|jensn 19sUQ

siuydsu
-ojniawlo|b ‘Ayredo
-Awolpied ‘uoisnya
[eanad ‘sayeayyul
Bun| ‘suoiss| uMs
‘sisodAjod/snisnuls
9AISO49-UOU ‘x3|d
-1}NW SIILIN3UOUOW
'sso| ybrom
‘BLUYISE [SD|BWD)
pue ssjew pabe-s|p
-pIW U 395U0 35easIq

uouawouayd
S, pneukey ‘snigajyd
-0quIoIY} ‘suon
-BJ3D[N UIYS ‘ssaU
-quINU ‘s91IWRIIX
ul uted D1waYdS!
‘s9jew Ajpueuiwop
-a1d ‘pabe-s|ppiw
Ul 195U0 35e351Q

sisoubelp
|eo1bojoyiedoisiy

pue [edIul|D

uonuysp
=2Jn1g)dUswlou
H [9deyd

(uo

pue eAouolys
AQ “63) elaid
onsoubelp

U1 Aue)

1O YOV

Aya

-edojnosen anige

-1911|qO-0quloIy)

‘passnosip

9duelIayul

JUBUILIOP [BUIOS
-01Ne ‘UMoUNUN

SI|NJSeA
Buiznosu
|9SSIA [[BWS SIS
-usboyied ui sjoi
Jofew e Aeyd 03
wass s|iydouisos
puesjj@3 ¢-yl
'19pIOSIp pa1ejal
-¥ob| A|gissod
‘sadK1ouab yH
1ua4Ip 9|diynw

UM UONRIDOSSY

(sulan pue
SO1IDIR ‘S|DSSIA
||lews Ajuiew)
SiHnJseA Aiojew
-Weyul dAISN|220
|eauLWbas ‘Bul
S{ows yum uon
-eDOSse buois
‘Juabe snojdayul
YHM paieposse
Ajqissod ‘spijno
-SeA pajelpaw
-aunuwwi A|geqold

000°000'L/1 >91eW
-11S9 ‘_uwtoaw\_ Sosed

007 UBY1 $S3] ‘umousjun

00000L/t L <
(USP=MS) 000'000" L/ L
(92uel4) 000'000°L/£ 01
(ueder ‘parewnnss)

000'000'L/8°£L

000001/8C <
(uemiel) 000'001/59°0
(ueder) 000'001/S
:20U3eARId pareWIISD

1583 Je4 pue S|PPIN

Ul uowuod 1SON

[£9-19] (SIS

-o|nded >jydose

eubijew)
9seas|p sobag

[€9-/£5] (swolp
-UASs ssneis
-Biny> 'vdo3)
Buekjod yum
sisolewo|nuelb
lliydouisog

[95-¢¢]

(suetax|go si

-libueoquioiyy)
95e35|p sJab1ang

suonedjjdwod
/sisouboiyd

uonesyisse|d

Adesay)

sbuipuy

fiojeloqe

saanjeay [es1uld

elald
J13soubeiq

sisauaboyied
/S21319UaD

aduajenald

aseasig

SoSeasIP dlleWnayl alel JO MalAISAQ T 9|qel



Page 9 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

Ayzedo)
-NDSeA /SIIINJSEA

Ayredo
-NDSEeA /SINJSBA

Ayiedoy
-NDSBA /SINJSEA

$a11unod pado
-|2ASP Ul UIP|IYd
U] 95e3sIp 11eay
painboe jo
asned bulpes)
‘pareanun 13|
J19%S¢ ulino>0
sanljewlouqe
K1auie A1euoiod
1nq ‘parean
41 sisouboud
poob ‘panul|-4as

MOJ AJjjeriow
‘(oeIpJed ‘jeusi
‘Aieuow|nd)
JUSWA[OAUI
ueblo DIURISAS
uo buipuadap
sisouboud duoiyd

Yieap jo

S9SNEe Ulewl aJe

2in1dni [ewsAl

-naue pue sisA1

-doway anissew
‘s;isoubold 100g

uiidse

3sop ybiy 'sul|

-ngojbounuwwii
Snouanenu|

sjuessaid
-dnsounuwiul
'SPI0J21S021110D)

K19bIns ‘syusbe
JpAjoquioiyy
/iuginbeodnue
‘syuessald
-dnsounwiui
'SPI0J2150213110D)

m_mOH\AuOQC\_Oht

'S1S01A003N3)|

"§S3 duD pa1ens|3

saipogiiue
-b>-nue ‘spAg)

1UsWa|dwod MO

ddd pue
4S3 paiens)s ‘elw

-aue ‘sis01A00%N3

wisAinaue
A1euoliod 193 pue
puey Jo ewayIAIa
‘sdi| paxoeld ‘Ayy
-edouapeydwA|
"JUSWISA|OAUL
xukleydolo
'19A3) 'sSwo1dWAS
|9 ‘ewayuexs
‘SIIAIIDUN(UOD
‘3dueujwopald
3eW Yum pa1dajje
si1eak {7 Jo abe
Syl [laun uaIpjiy>
BunoA Aueuiwopaid

9seas|p Aleu
-ouw|nd aARdNASqO
‘ewapaoibue
‘uled |euiuiopae
‘sppuydauonisw
-016 ‘uonewwepul
Jejnoo ‘sipuyue
/eibjeiyiie ‘ewspao
-1bue ‘eWay}
-Uexa [eledIuN
2IUOIYD ‘Sajewa)
pabe-s|ppiw

ul Ajpueuiwopald

sisfidoway

‘uted 153y 193y

‘eaudsAp ‘ybnod

asned swsAinaue

pun| aidijnw

‘pa103Ye Sajew
BunoA Ajpueuiwopald

uowwod
sl uopeluasaid
919/dwodu se
‘sisoubelp [ed1uld
Ajrewud 1ng
'saulPpPING (YHY)
UOI1RID0SSY
1JB9H URDLIBWY

‘e 19 ZUemMYdS Aq

elIa)d pasodold

sisoubelp
oiydesborpel
pue e3>

SIMJNJSPA [9559A
wnipaw pue
|lews buisned

(syead |eUOSESS)
1966113 snondayul
Ajgeqoud ‘(elsy ul

UOWIWIOD S10uWl
yonwi) pa1oadsns
uonysodsipaid
o1ausb 1ng
‘umouun

35e3SIP

paiejRI-yob)
Ajqissod ‘sajnuan
Alejjidenisod pue

salle|jided jewssp

JO uoneWWeYU!
‘375 yum uonen
-0sse 9|qissod
'PaquIsIpP €713

“YN@ Ul suoneiniy
uonounsIp
J10j Juepodull
SERINIAIVELS
/|BJ0 JO 30U3sqe
'95e351p $,19049g
JO JuelleA 3gAew
‘passnosIp
SUOID3YUI pue
eisejdsApoibue

‘umousun

000'001/1 >31ew

-1153 ‘s1eak snojaaud

ul paseasdul pue

SIeaA G > UaIp|Iyd 1oy

(ueder) 000'00L/EtT O3

(ellesny) 000'001/2°€

woi} ssbuel 9duspIdUl
‘UMOUMUN 8DUB|eAdld

000'000'L/1 >=1ew
-1159 ‘UMmouuN

000'000'L/1 > 1ew
-11S9 ‘pagldssp
SOSeD Of ~ ;c>>OcV_cD

VA TA

‘31] (SUIOIPUAS

apou ydwA| sno

-3UPIND0dNW)
95BISIP IHeSEMEY|

[¥£=0/] (SWoIp
-UAS ayngow)
SI}[NSeA |elled
BN ILIWENVETY
-9|dwod0dAH

[69 '89]

(se3sIp S,19049g

1e|NdseAoIpled
/219/dwoduy)
SWOIPUAS

UINO1S-S9YBNH

uonesyisse|d

suonedidwo)
/sisouboid

Adesay)

sbuipuy
Kiojesoqe

saanjeay [es1uld

eLIDIID
snsoubeiq

sisauaboyied
/$21319UaD

9dusg|eAald

oseoasig

(panunuod) z sjqey



Page 10 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

Ayredo
-NDSeA /SIIINJSBA

Ayzedo)
-NDSEA /SIIINJSEA

Ayredo)
-NJSBA /SIH[NDSeA

ssaupullq
Jo asned 9|gissod
‘JUSUIDA|OAUL
[es1bojoinau
pue |elaue Jo
95eD Ul A)jjeriowl
paseadul
'35in0d buisde|al
-bumiwal yum
ENEN[ol][le)[Vp)

SUOND3YUI
pue ‘Aoueubijew
“JUSUISA|OAU
JejnoseAolpled
'958951P [eul
abe1s-pua
apnpul suon
-edljdwod
‘AdeIay3 Inoyim
sisouboud Jood
‘Juswi1eas]
yum buisdeal
-Bunyway

poob

[BAIAINS |[BIDAO

‘Juswiealn

yum buisdeyal

-Bumiwal Ajuow
-wod ‘3|gelep

sjue|nbeodnue
‘S9INdajow ||euds
‘s|ea1bojolq ‘syues
-saiddnsounuwiuwl
'BUIdIYD|0d
'SPI01215021110D)

(ep1w
-eydsoydo|oAd
‘gewixnil) syues
-saiddnsounwiull
'SPI0J2150213110D)

sjuessaid
-dnsounwiw|
'SPI0J21S0D1110D)

SISO1AD0%N3| ‘UoUD
-wouayd-ABiayied

elnjewsay ddods
-0DIW "YONY-OdN

SOWAZUD
[PUSI P21RAS|D SIS
-01£003N3| ‘elulauy

JUSWA[OAU
oelp.ed ‘swoiduAs
[e2160j0INBU ‘SISOQ

-woiy} ‘elbjeiyue
‘(219 ‘WNsopou
eUIBY1AI9) suoiel

-S9JIUBW UIYS ‘SI9|N

|exuab pue |eso ‘(s

-19AN/S1PAOPLI)
uonewweyul 943
1ualndal ‘(3jqissod
obe Aue) ay| Jo
Sped3p PAIYI Ul
195U0 35e3S|P JO edd

Ay
-edoinau jesayduad
'suordWAs |9
‘eindind s|geded
1ydauojniswo|b
anIssaiboid Apides
‘siskidoway
‘'ybnod ‘eaudsAg
‘(s1eak 09 < 26e)
Aape ul Ajrewnd
195U0 ‘s9ewa) uey)
pa129Je AJuowWwod
alow Ajybi|s ssjey

(lPuSs AlUOWIWIOD
1sowl) 9|qissod
1USWISA|OAU uebiO
DIUW1SAS 40 ‘(AN
-WRJ1X3 JOMO| UO
U91JO) SUOISS| pue
eindind s|gedjed
Y1IM JUBLIBA SNO
-3UeIND PAYIWI]

[ES:ENIGERERIEN]

JO eURILD [euUon
-euIa3U| MaN

“6°3) 151X elIBIID
1UISHIP AUB

(le>
-1bojoyzedoisiy)
L) ||IH [9dey)

(le>
-Ibojoyredoisiy)
euald I [2deyD

passn2sIp si
-1|N2SBA SAISN|2D0
DIWIISAS ‘5120611
|EIUSWIUOIIAUD IO
SNOI1234Ul 'peoi
3|1S JUIDUR Y3
puoje uowwod
1S0W {158y TH
Y1IM UO1IRIDOSSY
sbun| pue
sAauply bundaye
Ajuewud ‘sy
-sodap aunwiwi
OU 10 M3} YlIMm
snijnoseA bul
~Z110JD3U ‘|9SSIN
||[eWS ‘passnasip
3dUBNYUI BUNW
-wijoine pue
(e2115) [PIUSWI
-UOJIAUD ‘sauab
[ DHW 01 paigal
Ajqissod ‘umousun

S9INUSA
Aue|jidedisod ul
uolewweyul
jlydonnau
{(SQIVSN 's21
-101g3ue) sbnup
'S9SB3SIP SUNW
-wioine ‘Aoueu
-Bijew sapnpul
sasned 9|qissod
13430 D1yredo
-IP1 905 Uey)

2JOW UMOUNUN

000'01/G LW
‘(000°001/0££-08)
AS3IN] Ul 214 10N
000°001/£'S1 ‘SIBYIO
000'001/881
:UPSURLIDLPI
000'001/5°01L :2doing
000'001/ -elAeUIpUEDS
Ul 9duSjeAald palewisy

000001/9 <
(UspaMmS) 000'000'L /76
(2uel4) 000'000°L/1'SC

000'000'L/1 >=1eWnss
000'000'L/St 2uspidul
;C>>OCv_C3 mucw_m>®\_&

[58-€8 L]
95e35Ip 5335499

[¢8'1865

‘36] (siaueAjod

21d02s0DIW)

1bueLjod
o1dodsoniy

(08-8/]
SININDSeA AUARIS
-U3sI9dAY /95N
|[PWS SNOSURIND
/2115820140037

uonesyisse|d

suonedjjdwod
/sisouboid

Adesay)

sbuipuy
Kiojeioqe

sainjeay jestul)d

eLdID
snsoubeiq

sisauaboyied
/S2119UaD

odugjeAald

aseasiq

(panunuod) g ajqey



Page 11 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

Ayiedoy
-NDSBA /SIIINJSEA

Ayredo)
-NJSBA /SIH[NDSeA

Allea
pajeal) Jl 91el
[BAIAINS POOD

‘sased Auew ul
panslyde 3q ued
uolssiual ‘bujua
-1eaiy-ay Ajjen
-uay0d 3|qissod
95IN0 (9%07-01)

puisde|al
-bumiwal ‘s3noe

IUOIYD !B|qeLIRA

uowwod ale

sasdejal DUOIYD

SAIVSN

‘sledianue ‘(I4NL)

s|ed1bojolq ‘Jues

-saiddnsounwiudl
'SPI0J231S0213110D)

syuessaud
-dnsounwiw|
'SPI0J21SOD1110D
'SAIVSN ‘apIpol
winisseiod ‘@sned
Buikpspun

JO JusWIea |

aAllebaU YONY
'SOUIAZUS JaN|
‘Kbojouas siireday
‘eljlydouisoasadAy
A||euoisesd0
‘eluiaue ‘siso14d
-03N3| ‘paIeAI|D

ddD pue y¥s3g

asned bulApspun
uo buipuadag

auaw
-9A0AUl Aleuownd
ou sso| bureay
'SI11U2.0 ‘SUOIDIeRjUl
Aaupy ‘swordwAs
|9 ‘eandind ‘xad
-13NW SI}INUOUOWI
‘eibjeAw ‘esowadel
OpaAl| ‘1IN ‘elb
-[RAULIR 49N} 'SSO)
1yblom ‘asiejew

‘9dueulwopaid sjepy

uoneluswbidiadAy
Alojewwejul-isod
pue Bupeds Yum
|eay ‘obeurelp
pue uoIeIad|N
|20} YUM ‘SB3)
Jamo| Jouisod uo
Ajjensn ‘ssjnpou
AVENREIRCRIV=]
-lwopaid sjewa4

(le>
-1bojoyzedoisiy)

eua) ||IH [9dey)

pun| aya saleds
1ey) ‘(sauaue
JlI91UISIW pue
‘leual Dieday
Ul U1J0) SWsAu
-NaUeOIDIW pue
syutod Buiyduelg
1e sa1es1jyul K101
-euwiwieyUl paxiw
‘leyuswbas
YUM SINDSeA
Buiznosu
|95S9A WNIpaw
(AGH) pa1edosse
-Uuol23jul pue
‘snoaueind
Siypedolpl :swioy
18410 (cvava)
7 9seululesp
auIsouape ul
Aduapyap o1
buipes) '1403D
Ul suonenu
'esopou spIaeA
-lod 19suo-Ajieg

SIHNJSeA
dljiydosnau
yum siinotuued
ISNYIP ‘(vy ‘el
-9¥N3)) saseasip
SNOIID3jUI-UoU
10 (sieday ‘sis
-0|nN2Jagny) snoi
-29Ul ‘(j1oeINO
-lyyAdoud) sbnup
YHM paieposse
‘pa1dadsns uon
-2l AUARISUSS
-19dAy Al 9dAy 1o

| 2dAY ‘umousun

(6888

'65 '85] (esessip

21BN -NeWSSNY)

eSOPOU 513}
-laueA|0d

000'00L/1°€ <
(USpams) 000'000°L/LE
(2uel4) 000'000'L/2'0€

[£8 98] (snaseA

Je|npou ‘aseasip

uizeg) wniel
-Npul BWBYIAIF

000'000L/1 > 1ew
-1152 ‘umouun

uonedyissed

suonedjjdwod
/sisoubouyd

Adesay)

sbuipuy
fiojeioqe

sainjedy [edpuld

eLIdID
snsoubeiq

sisauaboyied
/S2112UaD

dudeAdld aseasiq

(panunuod) g ajqey



Page 12 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

Ayredo)
-NDSEeA /SII[NJSeA

Ayzedo)
-NDSEA /SIIINJSEA

Ayredo)
-NJSBA /SIH[NDSeA

(@E]
‘SISOqWIoIY) ‘uon
-DJejul) yiesp Jo
9SNed UOWWO0D
150U S| 95easIp
le|noseAolpied
‘|eAIAINS ||eISA0
poob D1uoiyd

synpe ul
sisouboid asiom
‘JUSWIDA|OAUL
[eUSJ JO 3SED

ur sisouboud
J1o0d ‘9|qssod
95In0d buisde|al
-bunywsai ing

‘pauWI4IEs Ajensn

951 ~Aljeriow
uaund 1sed ayy
Ul [e1e) ‘UoWWIOD

sasdejal ‘uoled

-IpaW ylim 9|qe|

-|0J1U0D D1uoIYD

(1911 "14NL)
s|ed1bojolq ‘syues
-saiddnsounuwiul

'SPI0J2ISODIH0D)

syuessaud
-dnsounuwiul
‘sujingojbou
-nwiwl ‘sploJsy
-5021102 SQIVSN

(apiweyd
-soydo|dA> “63)
syuessaiddnsou

-nwwi +splo

-1915021110D)

€-X1d
'S|oA3| €-dINN
4S3 ddD parenadls

elnuR1oid ‘elw
-aUe ‘sIs01A00%N3)|
dyD "YS3 paseaidy]

paiebisanul
24 pinoys piny
|euldsoigaiad
INg ‘jewliou aie
poojq Ul sixJew
Klojewueyjul
'95e3SIP JIWISAS
JO3oe| Jo 3snedag

,25B3sIp
ssajasind, ‘san
-IWI11X3 JO aunssaud
pOO|q Ul S9DUSIBYIP
‘ayoepeay ‘ssoj
1ybrom ‘anbiey
"I2A3) '9dueU

-lwopaud ajewaS

JUSWSAJOAUL [RUSI
‘ewapa ‘uted uiof
‘uled jeuiwopae
‘yses dundind
'D31D3je UBIP|IYD

3w Apueuiuopaid

sobueyd
Ayjeuosiad ‘snib
-ujuaW dIuoIYd
‘elIUIWRP ‘90N
‘aydepeay :INd>do
swoydwiAs 1uaJ3y
-JIp uonezijeso|
uo bulpusdap
's1eak G < abe
S|P 3IYM Ul UOW
-W0D 150W 3seasig

eLRIID YOV

el1a114d
dunelpad Yy1n3
RERCRENRII!

214911D "elISID YOV

1219 IMe)Y
Aq el211d [e2160)
-01s1Y 3|
pue asaiqeled Aq

eL31ID pasodold

SIHNJSeA
|95s9A 2bie| puUR
DI1I0e ‘eISy Ul
1uanbaly asow
‘92171 'vedoDd
/YZYDD4 'siuelieA
V1H sausb

91epIPUED JUSIRYI]

SIH[NJSeA D3SeD
-01400% N3] [9559A
-|[BWS 495Ued 0}
paXul| synpe ul
‘(J23uUIMm pue |[ey
Ul yead [euosess)
uaipjiyo ul
pa1sabbns Juabe
SNO23yUl 'suon
-eInW auab
A4IW pue sauab
VIH Usisyip
01 diysuolie|al
3quDsap syodal
[BIDASS ‘UMOUNUN

S|9SS9A SND
JO uonBWIWERUI
[eausWHaS ‘s1ab

-buy se paisab
-bns syusbe
SNON234Ul JUIRYIJ

000'001/2L <
(A93IN1) 000'000'L/8T L
(AemION) 000'000'L/2C
(3N) 000000’ L/L Y
(e3103) 000°001/28°C

000'001/1

91eWIISS ‘S)npe Ul

000'001/8"L-8°0 "Ua1p

-l42 uro00'001/£'9¢-€
9dUspPU|

000°000'L/1 >931eWnsa
000'000'L/¥'C
:92U3pIdUl

'UMOUUN 3DU3|RARId

[001-96]
SpaLIe NseAeye|

[S6 76

1] (sainosen

vb)) eaindind
UI3]UoYy2S-yd0UaH

[€6-06] (SND

2y1 Jo siibue

Arewid/SNDVd)

SINNDSBA WID1SAS

SNOAJRU |1}
-Uad Alewlid

uonesyissed

suonedjjdwod
/sisouboid

Adesay)

sbuipuy
Kiojeioqe

saanjeay [es1uld

eLdID
snsoubeiq

sisauaboyied
/S2119UaD

odugjeAald

aseasiq

(panunuod) g ajqey



Page 13 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

Ay
-edoiyuie /snuyuy

Ayredo)
-NJSBA /SIHNDSeA

SV spnjaul
suoledldwod
'po0b |eAIAINS

[[BISAO DIUOIYD

¢/1 'buisdejal

/1 ‘Bupiwi-jies
€/1 ‘3|qeueA

Yiesp Jo
9sNed Ulewl aJe
SUOIID3YUI ‘UOW

-wod AIan ale
sasdejal D1UoIYD

(19-7111-11)
s|ea1bojolq ‘syues
-saiddnsounuiuli
'SQYYWQ ‘spioisl

-SOJ1102 'SOIVSN

(2uud

-o141eze ‘apiul

-eydsoydo|oAd

‘qeulixnil) sjues

-saiddnsounuwiul
'SPI0J21S0D1110D)

ulingojboiw-zg
pa1eAa|s Jo 36
paseaidul ‘elnuIa)
-01d pjiw ‘'uniey
pa1eAd|d ‘DAllebau
Ajjensn 4y pue
VdOV VNV ‘ddD
pUe Y53 Pa1eAs|s
'SOUIAZUS JaN|
Pa1eAJ| ‘BlWURUIW
-ngjeodAy ‘erw

-9Ue ‘s|S01A00%NST oWl AIybl|s s9jewa

sisAjeue

[UlN ‘(9608 Ul

€ aseulayo.d)

VONY 2Asod

‘sixew Alorew
-Weyul paieAsld

Asjed

SAJBU |BIURID 'SSO|
1yb1am ‘1eoiyy a10s
‘edadoje ‘eibjeAw
‘ured jeujwopge
"JUSWISA|OAUL

243 ‘siiuowinaud
‘siupaeduad
‘sina|d ‘Alebaw
-ous|dsoleday
‘AyredouspeydwA|
‘(syutof Big Ajuow
-Wod 150W) spuye
/eibjesyie ‘ysel
Jejndedojnoew
'19A3} ‘sieak Ge—/ |
obe 1e U3Yo 135U0
35e3SIP ‘paIdYe

95B3SIP 9AIIONIISGO
Kemuie Jaddn
‘sixelsida ‘ableydsip
[PSBU ‘(213 ‘SIHI2AN
/SIII9|IS) SUOIRISY
-luewW 249 :|ed1dAy
suopesajuew
1e0Jy1/as0u
/1ea 'sia|n |elo
PEVETRSNeIRINSIEN
‘exaJoue ‘eibjeiyuie
‘elbjeAwW ‘asie[e

elI21lD |241ne4

"eLIRD [ydnBewes  A|gissod lumounun

(le2160

-oy1edoisiy) eu

-0 ||IH [2deyD
BLSIID YOV

(suoneudeA
'SUOILDIPAW ‘S0
-ueubiew ‘suon
-J3ju) pardadsns
5196611 JUs
-IRYIP A4V
‘suabnue v
'HIW 01 paiejeu

NDSEA [9SSIA
||EWS ‘pa1eIdosse
“YDNY ‘pa1dad
-sns si2b6611
paonpul-brip
pue ‘(qualpeld
yanos—yiou
Buiseanap)
[IUSWIUOIIAUD
‘SN0l 1| YNId
-43S 'syuelien
VIH :pa1adsns

sauab Jua1alig

000001/€'G < (ueder)
000'001/6°€ (Ao3un)
000001/££9 (KemIoN)

000'001/6'9 ~ ¥'€

000'001/T'6 <
(92ueid) 000'000'L/£ €T

(Uspams) 000'000°L /091

(€0l ‘zoL

'9—¢] (BWOIPUAS

5,49|SSIM ‘ASOV)

95e35IP S [111S
195U0-3NpY

[LOL '6G '8S

'67] (SIs01RWIO|

-nuelb J1ausbapp

Al12wi0) 'ydo)

puekjod yum
sjsolewojnuels)

uonedyissed

suonedjjdwod
/sisoubouyd

Adesay)

sbuipuy
fiojeioqe

sainjedy [edpuld

eLIdID
snsoubeiq

sisauaboyied
/S2112UaD

9duvjeAald

aseasiq

(panunuod) g ajqey



Page 14 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

Ay
-edoiyue /snuyny

Ay
-edoiyuie /snuyuy

AYa
-edoiyile /snuyuy

sasdejal

1usnbaly pue

aAISsaIbbe A||ed0o)

‘Buisde|al-bupy
-JlwaJ 10 dluoIyD

Aupiguows

ybiy ing ‘butus

-1ealy1-9Jl| 10U
A|lensn ‘sruoiyd

1uasqe
S| JUSWISA|OAUL
uehIO DIUUISAS
9snedaq poob
sisouboud
[[BJ9A0 DJU0IYD

Adesaya

-ounwiwi ‘Ade

-1ay1oipe’ ‘Awoy
-D9AOUAS [ed1bing

SAIVSN

'dUIDIYD|0D

'SpI0J215021110D)
DpewoidwAs

SAIVSN

3lqissod dyd

pue ys3 paiens|d

SSIIETE]

30 Aew siasjew
Klolewuleu|

uonewweul
DIPWOIdWAS  DIW1SAS JO SUbIs ON

anbney
‘uouswouayd
Buo|, Yyum (quiof
Je|ngipuewolod
w91 Ajaued ‘diy uo
22Uy Ajujew) siuof
40 Buljjams,/uted
'sieak 0y—-07 6.

195UO 35B3SIP JO Yead

swujof

Big 1ayjo pue sauy
Ul Ajluowiulod 1soul
‘elbjeiye/siyLe
‘uonisodap ujof
|BISAID WiND[RD
YHm pooyppiyd

Alea U1 39suo aseasiq

EREISIENV]]
|ewou ‘ajuadiad
pie mojaq Ajjlensn

Yybisy anpe
‘ued diy ‘wnbjea

nuab ‘bunjjem ul
AYnoyip ‘spuyue

‘e1uad0a150 ‘2In1e1s
1I0ysS ‘Ymolb Jeaul|

MOJS "e1uU2d03150
‘syutof Jabuy jo bul

“[[2MS ‘S2IN1DB1IUOD

'SSaULNS 1UIOf AIS

-sa1b01d ‘(s1eak g—¢

abe) pooypjiy ul

A||ensn 195U0 35easIQg

sisoubelp

|ea1bojoyredoisiy
1o o1ydesborpey  3|gissod umousun

sisoubelp
oiydesbolpel

pue (a1

UOI1RWIYUOD
2112Uab YIM SIS
-oubelp oiydelb

-olpel pue [esuld

pa1sabbns
ssad04d Y|
-Jowny ‘'ublusg
Jo ssadoud
Alojewweyul
‘wsijogelauwlod|
‘K19bins/ewunesn
UM UoNeIDosse

Addd> jo uon
-eWIOJ pue S|aA3)

a1eydsoydoiAd
JEI[ERIENE]
pasealdul ‘pay
-nuap! 1A
10U auab Ing
‘pa1dadsns 8
awosowolyd
LIV HINY
Ul suonenw
VDD -edueis
-uad 3|genea
UM JueUIuIop
|ewiosoine
S35 10N

s21£>04puUoyd

Ul uoneusIsylp

pue ymmolb

|92 Sa1eIpSW

dSIM ‘ASunL U

123}J9 JISpuUnoy

3|qssod ‘£4SIM

ul suoneINw

JUIBYIP ‘BAIS
-S92al |eWosoINy

000'000°L/1 > =1ew
-lise ‘(vsn)

000'000'1L/8'L :2U3pIAU|

000°000'L/1 >91eW

-1359 ‘UMOUNUN

000'000'L/1 >33Uu8|
-eAaid parewnnss

‘yIr se pasoubelpsiw
1NQ ‘aJel 10U 9gAe |\

[8LL-SLL ST
SIIAOUAS Jejnpou
-OJ|IA pa1uswibld

[FL1-0LL]
(CvDD pue
LIvDD/35essIp
uonsodap
AdddD) sisoud
-|e>0IpUoOYd
Jejnoie |eljiuled

(60101l
(Vd-1d3S /A4dd
/Add /OVdd)
pooypiiy> jo
Ayiedoiyne
plolewnayiop
-nasd aAIssa1001d

uonesyissed

suonedjjdwod
/sisouboid

Adesay)

sbuipuy
Kiojeioqe

sainjedy [espuld

eLdID
snsoubeiq

sisauaboyied
/S2112UaD

odugjeAald

aseasiq

(panunuod) g ajqey



Page 15 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

Ay
-edoiyuie /snuyuy

Ay
-edosyuie /snuyuy

Ay
-edoiyile /snuyuy

sieak 0|
uIyum Ajsnosuey
-uods uoIssIWaI
analyoe syuaned
1s0u 1nq
‘suejiINW siuyue
ol A|pidel ssaib
-oid Aew ‘s|qeLiep

pa31e0osse
-Koueubijew
Ji sisouboud
100d ‘Ajuo asn
PI0J3150211102
YIm panalyde
30 A|jensn ued
[WTeSSIVIEY R olelels)

SUONDYUI
01 anp Ayjeriow
paseainul duoiyd

Juasaud
J1 Aoueubijew
BulApspun jo
1usuiieal] ‘seleu
-oydsoydsiq
‘siea1bojolq
'sQ4vING ‘splol1
-S021102 ‘sAIYSN

Juasald
1 AoueUbIRW
BulAjlapun jo
JUSWILaI} ‘Pasn
Ajples saygving
'SPI0J21S0D11I0D
0} asuodsal
JU3[|92%3 Ajjensn

Awo1daua|ds
4529 'sjeaibol
-019 's4vINg
'SP10431S021110)

aAIlsod aq Aewl
salpogiiueoine
JUSIBYIP ‘BlWSP
-diyadAy ‘ejwsue
ddD "dS3 p=iens|3

2AneHaU
salpognueoine
pue 4y Ajjensn
'syue1deal aseyd
91Nde palend|d

44 YNV
‘suondajul ‘ejuad
-0JIN3U ‘eIuIBUY

sieak
AQ JUSWISA[OAUL
upys sepadald usyo
siuye ‘(bun)
1eay) s|qissod
JUSWISA|0AUL uebio
‘SUOISS| UPS Jejnpou
-ojnded [e21dA1 yum
(syutof |jeabueleyd
-131Ul [eISIp :syulof
p3103jJe 150UW)
JUSWSAJOAUL [eIXE
Yum siiiApuods Jo
siyHeA|od 9AISOID
DLIBWWIAS ‘Spedap
Yl U1 39suo Jo yead
Yum (|:g) sojewsy
ueiseoned) Ajuleiy

(1994 Jo spuey
Ajje1>adsa) ewapa
pumid ‘snuyiekod
195U0 UappPNS
‘S9]juUe pue spuey
4O SIUAOUAS [eD1119W
-WASs ‘patdayje
Salew Jap|o Ajjensn

SSO|
1ybIam ‘sindsea
‘spuna|d ‘sisppsids
‘AyredouspeydwA|
‘Alebawou|ds
-oleday ‘(dld dDW
'S{UB ISIIM ‘93U
U3)40) UOMIdNIISIP
1UI0[ 21935 YHM
SIFYIR DUIBWWAS
JIUOIYD ‘SaBWRY

Ul UOWIWIOD IO

sisoubelp
[edi6ojoy1edolsiy

219
eAleyoeulley Aq

eLI211ID D11SOU

-beip pasodold

sisoubelp [esiuld

s|sauaboyied
urajol e Aeyd o3
wiaas A1Anoe
D11SP|D03)S0
pue ‘saujy0Ifd
‘sobeydoioewl
!A1essadau
suisejdoau oy
dnyJom [e1pnid
{(s1sojno1agny
/SUOID3JUl 'sasea
-SIp SUNWIWIoINe
‘sa1ourUDI W)
pa1oadsns
$196611 1ual3)
-JIp ‘umousun
sisousboyied
ul 910l e Aeyd Kew
493/ (s31unod
UIDISOM Ul 9% | €
pue eisy Ul 9/
a1eJ Adueubijew
P21e12055e)
swsejdoau pue
'SUOIID3JUI 'suon
-IpUOd dPWNAYJ
13430 Yum pale
-IDOSSE ‘UMmousun

saipogiiue
4SD9-1ue ‘(S[IN)
sdeuy upewoiyd
Jejnjj@denxa yd
-0nau isulebe
sapognueoine
"(9682) uonep
-0sse pYa-YIH

000'000'L/1L >=1ew
-1359 ‘ainlesall| ul

S35 OO ~ ‘UMOUNUN

000°'001/1 91eWnss
‘(KJop|s buowe s1el

10U) SIeaA 0§ < I0§
(LLL"1/1=000001/06)
%600 ueder Ul

2duaenaid ‘umousun

000'01/1 2ousjeaaid

pa1eWSa =Y JO %61

[tz1-STL /€]
$1S0342011514O|
-ND11J DUIUDIYNN

[Pzl ‘ezl ‘Te el
(ewapa bunud
UM SIHIAOUAS
[EOLIDWILIAS
EWMEEVIIEN

Bunuial) 3desy

[czi-61L]
(3WOIPUAS
Siyue
plojewnayl
-pluadonnau
-AleHawoua|ds)
SWIOIPUAS K124

uonedyissed

suonedjjdwod
/sisoubouyd

Adesay)

sbuipuy
fiojeioqe

sainjeay jestul)d

eLIdID
snsoubeiq

sisauaboyied
/S2119UaD

9duvjeAald

aseasiq

(panunuod) g ajqey



Page 16 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

(%01 ~SIdI)
SWOIPUAS

Alojeulweyul
UoINMISUODI
aunwiul Jo
95U34N220 10
JUSWISAJOAU
[ed1b0j0INau Jo
95ed Ul Alljepow
pasealdul
Ay ‘paleaiiun Ji
-edoiyile /snuyny [eY33] D1uoiyd

SV JO dsu ‘AI
-A0J3J 919|dwod
%06 ~‘buisdeal
-bumiwal o
A Buniwi-fes
-edoiyiie /UYLy JIUOIYD 'S|qRLeA

SAYYING 'SpIoIa)

1u9sald aq

Aew gy-¢gDD-nue
44 's1S01L00%N3|

(1) sjea160 "vB| pue b

-01q 'sgyvinNg padnpal 's|soIkd

'SPIOJSISOD1I0D  -OqUIOIY} ‘BlLUSUR
'SOnoIqauUY  dyD "YS3 parens|3

ddD/4S3 pa1eAs|e

'SIS01A20qUIOIY}

(971 'sisoiho0o¥n3) Jesp

'L1) sjeatbojoiq -nuoydiowAjod
payiew ‘unia)

-SOJ[M0D 'SIYSN WINJISS JO S|aAd| YbIH

sjeolbojolq

'SQYVYWNG SoUID

eayuielp ‘ssyoepeay
‘uondiosgejew
‘ured jeujwopge
'ssO| 1yDI1am Ianay
‘(Uys 's94a ‘sbun|
‘IejnoseAoipied ‘Abo
-|oInau) paidaye
90 ued uebio Jaylo
Aue ‘swoyduAs
[eunsayulonseb pue
1yHeAjod 1y
-JWIRIUI ‘pR1daye
Sajewl AjjueuluIOpald

Siyue
‘siIsouas ‘Ayredous
-peyduwA| ‘Alebaw
-oua|dsoleday ‘yses
us ", 6¢ <Ion9)
Bupyids) uonew

~WBJUI DIUURISAS

(syurof Jejnoine|d
-OUJ3)S IO JBl|I0IDeS
U314O) JUSUIDA|OAUI

Je|ndi1ie pue auoq
1914e J0 210J9q
S1eak Auew aq ued
135U0 ‘(sisojnisnd
Jeyueidowjed
AJUOWILWIOD 1S0Wl)
S9SBISIP UDS 1UID)
-JIp JO A121IBA Y3IM
(Uo13[3Ys |eIxe 1o
|[eM 1S9y JoLajue

Ul U3}0) SNISNSO

(aA1150d-53U2D o
SOWI1DUIOS) 3|1121S
‘Injured ‘A101ew

pa1ayje
(9Se3SIP DIUoIYD
'3snqe ‘|oyod|e)
SUONIPUOD AIOJE|
-Npow aunww
yum syuaned
pue syuaned
Sjew Apueuiuop
-aud ‘jgiddiym
pwihiaydoi|
YIM uondajul
‘passnOsIp JusW

-9|OAUI £78-VTH

YDd 10 sisoubelp
|ea16ojoyredoisiH

Ellel
Jofew e Aeyd ||
pue 9-7 ‘wsiyd
-JowAjod €/ |

-4IW pUe A9
UM UONRIDOSSY

VIf 10} eLSMID
uonesUIssep Yy

pa1dadsns

(SaUDD o) Aidiwiw
Jejndajowl/uon
-d3yul Jo ssapoud
aunwiulioine
‘s1oplosip Alojew
-Weyuioine o}

000'000'L/1 >=1ewnss
‘uonejndod Ayyesy ui
sa|duies (B33} JO (eD14Y)
9%0¢/(2d0Ing) %01 ~ Ul
punoj aq ued fajddiym

pwifiaydol] ‘umousiun

000'001/5°0L

2duajeraud parews3

61—yl
9s5e3s1p s21ddiym

[ly1-€€l]
(3sessIp s ||1S)
sijye diyiedo
-Ip1 djusAn(
195UO-DIWISAS

‘Juswiiea [elq o SOUWINAWOS ‘s3| -Wejjul ‘synpe pa122UU0d saUxb [zel-8tl]
2Jelylesp pole  -OIDIWINUR ‘S9leU  -POQIUROINE DYID pabe-s|ppiu Jo ‘B39 Uyey "B 19 19410 01 paejal OHdYS/OWHD
-1D0SSe-95e3SIP -oydsoydsiq  -ads-uou 1uaIa4Ip UJIpJIyD ul udyo nouweyuag Aq Ajqissod ‘/zg /(OND) S
Ayr  Josuoneddwod 'SP10491502 (SOWINSWOS) Y3 19SUO '9DUBUILIOP  BURMID UOISNPDXS -y H YIm uonerd 000'001/0% -AW0R150 [ela}
-edosyie /siuyuy ‘358351 JIUOIYD -1102 'sgIVSN pue dyd paiena|d -a4d ajeway 1ybIIs pue uolsnpou| -0sSe Jes|d ON 9dudleAaid pajewnsy  -deg-Uuou dIUoIYD
suonedijdwo) sbuipuy eLRD sissuaboyed
uonedyisse|d /sisouboid Adesay) Kiojeioqe sainjesy |esiul) Jn3soubeiq /S2139UdD) 2dudjendid aseasig

(panunuod) g ajqey



Page 17 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

(eJuBRUY

YIM UOISSIUIRI
919/dwod
9658-59) UsW
-1eai-|-]-hue
Jo Alliqejiee
90Uls parosdwl

SUWIOIPUAS Apuedylubis

Aloyewuweyuiony  sisoubold dluoiyd

Aipiqiow
Jejndiue pue
1B|ND0 2I3ASS
‘JUSWIDA|OAUL

DIWR1SAS

SUWOIPUAS uo spuadap

Alorewweyuioiny  sisouboid d1uoiyd

obe jusned pue

sisoplojAwe-yy

4o uswdojansp

10 J2}IBWOI] YYS

‘elLBUE DJUOIYD

'S1S01K00%N3)

‘syueldeal aseyd

(1-11) s|eo1bojoig

SI0UGIYuI-3oVv
01 spuodsai
AJ[ensn uolsuay
-19dAY d1wR1SAS
‘sieaibojolq
‘syuessauddnsou
-nwiwl ‘sploJay
-S021102 'SIYSN

|eulou
IOV ‘suerdeal
aseyd-ainde dyd
'4S3 parens|e
'S1S01A00qUIoIY}

2128 JO uoneAd|g

'SISOIAO0N NI

ewspa)|ided
nounfuod ‘s
-yueAjod ojuodyd
‘suoIrISS)IUPW
SND ‘(8soupeq
3|ppes ‘bulssoq
[BIUOI)) YDONID Ul
saloey |ed1dA ‘uon
-ewlBjul dIUoIYD
‘ysed |eliediun
'I9AS) JUSNIULII|

JUSWISA|OAUL
JejnoseAolpled/bun|
/oneday/[euas ‘AYy
-edoinau ‘Ayredous
-peydwA| 1onsy
‘sewo|nueld (|90
1uelb pue piojjau
-1da bupeased-uou
‘SIIRAN ‘siiy1eAjod
Abboq 1a1e| ‘31| Jo

13K 11y Ul ysel ups

pa1oaye
90 ued juiof Aue 1nq
'99U3} 3Y3 Ul U3Yo
150w ‘burydoj wuiof
‘Bul||ams ‘(351219%
yum Buiuasiom)
Uled 'S1U9359|0pR

OAOU 3p Ajlensn
‘31q1ssod wisp
-lesoW ‘Uo1103s
¢1-11 paseasdul
UM UOnRAIDR
auloseululeyyul
pue |-asedsed
0} sped| [SVID
/EdYIN Ut uon
-eINW uonouny
Jo ureb queu
-lWop [PUIOSOINY

uonedyls
-sepd /onsoubelp
|eD1ul|d J2A2j0ing

uon

-onpoid auoIfd

Alojewweyul

DAISSIIXD pUB

uoieAnde g-4N

§1aYv2/ZAON

Ul wsidlesow

[EUWIOSOUOD ‘WO

Jlpesods ‘Jueu
-JUOP [BWOSOINY

Asdoiqg ums
‘Bunsal d1ausab
‘sisoubelp [ea1uID

pa1sabbns
uojysodsipaid
onauab pue
‘ewinesjoniw 3|d
-nw ‘uondnusip
Je|ndsen ‘auoq

000'000'1/50°€

< palewlss aduely

ur (000°000°L/9% =)

000'09¢/7—1 pue
SN U 000'000°L/¢—L

000°000'L/1 >91eW
-1159 ‘(flewiua()

000'001/6C°0
:92UaPIdUL ‘UMOUNUN

[191-6S1
‘6€ '8¢€] (AIWOI
/QIWON/awolp
-UAS YONID
'9UIOIPUAS S||9M
-32N|A ‘eledIN
P1o> [eljiwe)
/aWOIPUAS A10)
-euwiuleyuioine
PIO2 [el|IWe)) SdvD

[8G1-€SL

‘6] ShYHe snoy

-ewojnuelb duie

-Ipad /(o1pelods)

SISOPIODIES 195U0

A1ea/([eljiwiey)
9WOIPUAS nejg

uolsa| Jo Alljigels [ewuou 10 uaip|iys sjew [eIpUoYdgnNs Jo 000'001/2C < [cS1-0S1]
Ay uo spuadsp A196Ins ‘sqIvVSN Silew Aiorew aAnoe A|jedisAyd sisoubelp SISOID3UOISO 000’00 1/6C-G 1 Pa1ewnsy SUBJISSIP S
-edosyuie ssnuyuy - sisouboud Druoiyd aAoddng -wepul Ajjlensn ul Ajpueuiwopald olydesboipey ‘umouun  000'001/60°9 92UspIdU| -pUOYD03150)
suonesijdwo) sbuipuy eLIDMID sisauaboyied
uonedyisse|d /sisoubouyd Adesay) fiojeioqe sainjesy |esul) Jn3soubeiq /S2139UdD) 2dudjenaid aseasig

(panunuod) g ajqey



Page 18 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

sain)
-oeJ1u0d Julof
pue 'S\ ‘suols
-9ype [eujwopge
yum spuoiuad
‘sisoplojAule
‘SUOIIDYUI
spnpul suon

-e)jdwod Duoiyd)

SWOIPUAS
Aloewiweyujoiny

SYW

pue (0UapIsal
Jo A13unod aq 01
SW9as Jo1dIpald
1596U0115) SISOp
-l10jAwe apnpdul
suoped||duwod
‘Adesayy Aq
paAsIyde 9q
ued sasdejau

(=)
s|ea1bojolq ‘syues
-saiddnsounuiuli

'SPI0J21S0D11I0D
's1031qIyu] 3se)
-ONpal-yYOO-HINH

auun
Ul pI2e dJuojeAdW
pa1eA3|s ‘poo)q Ul
vOI'(w/N1 001 <)
ab| pa1easjp
515014003 N3)|

dyD "SI perens|3

swoldwAs
[e2160]0INaU ‘S1a3|N
snoyiyde [euiben
pUE RO S9UWIIDWIOS
"YSed upys ‘swoy
-dwis |9 ‘e1bjeiyuie
‘Alebawoua|ds
‘AyredouspeydwA|
‘ssauns [ea160j0yd
-Asd pue [edisAyd
Aq pasjorold aq
ued pue sAep 9—
S1Se| J9A3) (34| JO
189415 | JO pud
21090 UOWIWIOD
1s0W) AdUBjul Ul
Buniels ssposida
J19A9) JUDINDRY

Yy 7l 1se3|3e 1o}
Bunse| swoidwiAs
4O 19suo pidel
‘(Kujigeyun ‘A1sixue
'SS9USS[1S3) SWIOY
-dwiAs oypadsun
yum aseyd jew
-ospoud ‘ysel ‘ured
159U ‘DUIIIULIOA
‘uled |euiwopae
‘e|bjesyrie ‘elbjeAw
'SI)ISOISS pUB ISAD)
JuaN23l ‘s1eak 07
J0 9be 210499 %06

elI2114d uopedy
-Isseja/onsoubelp
[BDIUID J9ARj0INT

eLIRLD
-UaUAIT pue
uszQ-eAexuId[eA
‘ISWOYSeH-[3]
'BLIS1IID UONEIYIS
-se[d/onsoubelp

HVEIEMENET
Ul 109449 Japunoy
a|qissod ‘gf1-1|
4o uonsnpoud
pasealdul ‘sisayy
-UAS [019159|04D
10} [BIUSSSS AW
‘(AusobAzoisisy
punodwod
"U9)o 150W "0
AisobAzowoy)
AW ulsuon
-eINW ‘9AIS

-$9231 [PUIOSOINY

adAouayd
19p|IW e aney
U9)o UeaUel
-12)PAN UIDISed

3y woj syuaned

se ‘sjoi e Aejd 01
WI99s 0S|e $1010P)
[PIUSUIUOIIAUD
‘Swosewuejul
Jo uonouny
|euiiouge o}
Buipes) A47iy U

000'000'L/1 >31eWNns
000'000'L/6£0
AuBLWIDD) Ul 92Usp
-IDUl ‘UMOUNUN

000'01/1 21eWNST
000'EL/ | SM3F 1Zeuay
-4sy '000'01/1 = 0SL/1
AL ‘'0001/1 - 00S/1
Cm&Cmtwtbw_\/_ ulalses

[0£1-£91

‘8€] (SAIH "=na)
Jipouad yum g
e|juwaulngo|b
-ounwwiadAy)
Aouapyap
9SeUIY 91eUO|RAIN

[991-c91
‘3¢] (shIsolasAjod
[ewisAxoled el

SWOIPUAS 19M3} pue uoIs -l syueydoeal aseyd ‘pooypliyd urAjle |edluld JaAsjoing uoneINW ‘9IS Ul ‘Ajjeoiydesbosb  -jiuey) 1aAs) ueau
Alorewwepuiomny -Siudas ‘D1uoIyD -1lue ‘auIdIyd|o) 91Nde Pa1eAd|] -NSN 19SUO 95e3sIJ e J|dIYNy  -S9234 [eWOSOINY  SISYIP A|YDIY 90Us[eAdld  -PLISUPIIA [Bljiude
suonedjdwo) sbuipuy eld)d sisauaboyyed
uonedyisse|d /sisouboid Adesay) Kiojeioqe sainjesy |esiul) Jn3soubeiq /S2139UdD) 2dudjendid aseasig

(panunuod) g ajqey



Page 19 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

SWOIPUAS
Aloewiweyujoiny

SWOIPUAS
Klorewwepuiony

Huisdejai-bun
-}Wal 10 djuoIy)

ain|ie} A1ozead
-$31 10 DeIpIed
Jo alp syuaned
150U ‘|eyis)
U)o pue dJuoIyD

G
1-11) sjeaibojoiq gi-
'SPIOIAISOIOD i 'YST PaleAs)3

paquasap YNV

aAiIsod ‘36| pue

Db| pa1eAs|s ‘elw
-aul|ngo|bewwieb

2UOS -12dAy ‘elwsue

suolesad|n
‘wnsouaibueb
euwllapoAd ‘aude
‘snuspe.ply ‘uled
[EUILIOPQE ‘SISO|N}
-snd 49Aa) ‘suyLe

3[1431S 1UDLINDY

s1abuy
paggn|> paiebuole
‘9>ueleadde |edey
uly3 dnsusoeIeyd
'PagIosIP AYY
-edouapeydwi|
‘DI MOJ ‘2un1els
1I0Ys ‘sisoiplyladAy
‘(Apoq Jaddn uj
AJUlewl) 2in3deJuod
o[ ‘Aydone Je|
-n>snwodi| [ened
‘Alebawoua|ds
-01eday ‘siIsoAW
‘ysel upys 4ana} ybiy
oipouad jnwins
P|OD YIIM USSIOM
SwoldwAS “Jeak
K19n3 sieaddeal
pue yuiq Jaye I}
-UIM 151y Ul Sleadde
U)o ysel ‘ysel
MI-olulad yum
SIeak g—Ssyiuouw ¢
Jo abe 1e A|le

-NsN 19sUQ

UoIIRUWIYUOD
J12Uab yum
sisoubelp [eauD

SNIN Joj eul
2110 dpsoubelp
[BDIUID SARDURASI

auloseululeyyul
JO uondNpUl puR
uraroid 1 did1Sd
Jo uonejKioyd
-soydiadAy
SasNed YoIym
'1d92aD/1dId1Sd
ul uoneinw
9SUSSSIW “JURU
-lWOP [PUIOSOINY

S|9AD] QU OIAD
paseaidul 01
Bulpes) ‘suieyoid
paZIpIXO pue
pa1euninbign Jo
uoleNWINe
pue AlAnDe
awoseajold

pasnpal ‘1apunoy

uouwlwod A|ge
-goud ‘ggpysd ul

UOIRINUI ‘9AIS
59221 [PUIOSOINY

000000'L/1 > 918w

-1159 (900¢ un

7€) paniodai apim

-pliOM S3l|Ilue) SAY
wolj syuaized may AlUQ

000'000'L/L >=1ew

-1159 ‘(S9jeWa) 6

‘s3lew 61) 010¢

[1un ueder U sased
panodal 87 ‘umouyun

[£L1-vL1 '6€ 8T
(9WOIpUAS dUde

wnsouaibueb

eWISPOAd-SIy

-lye djuaboAd)
SWIOIPUAS VdVd

[e/1-1/1]
(SNIN) SWOoIpUAs
RINWIYSIN-OfeseN

uonedyissed

suonedjjdwod
/sisoubouyd

-dep ‘uiaijjey SIUoIYd 4D YS3
'SPI0J9ISODILOD)  PAIBAS|D AJUBISUOD)
sbuipuy
Adesay) fiojeioqe

sainjedy [edpuld

eLIdID
snsoubeiq

sisauaboyied
/S2112UaD

9duvjeAald

aseasiq

(panunuod) g ajqey



Page 20 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

(synpe

ul Ayjeowl

13Yb1y) %8 Apnis

9A1Dads0u13)
2UO Ul AYjeHon

SWOIPUAS
Alo1ewudeyjuioiny

uon
-elayljoidoyduA|
1J9A0 puUe SISOP
-0} we apnpdul
suoped||duwod
'UOWWod
sasdejal pue

wC‘_O\_UC\Am uolssilal sno

°PE320|q
Jo1dadai |
‘siea1bojolg
‘aunodsolpA)
'SPI0J21S0D[110D)

auinboi
-O|Y2AX0IPAY ‘U
-exolad 'sgIvSN
'auIdIYD|0d
‘qewnuiyeued
LCARREIENN
paJ3pPISUOIRI

99 p|Noys sisou
-Beip) swordwiAs
sjonuod Ajpidel

Y-27IS S21eA9|9 ‘A
-AIIDE [|92 YN MO
'9UNIIIRY + SIseu
-|uIeSURI) PRI1RAS|D
‘ejuadoifd

SIS01K00%N3)
‘urey 1ybi|- >
'4S3 parense
‘Ayredowiied

(6] Aj21e1)

eWISPD
‘21punef ‘ysel ums
‘AyredouspeydwA|
‘swo1dwiAs |es1bo|
-0IN3au 'UoIdUNYSAP
J19A1| “Ayredojnbeod
‘sejuadoifd ‘Alebaw
-oua|dsoleday 1ona4

Ayredoua
-peydwiA| ‘uied
1UlOf/2U0q/22SNW
19A3} (WoIdWAS
1URISUOD 150W) Ysel
[BIIEDILIN 1US1IND3)
‘(s1e9A |G obe
ueawl) pooyinpe
Ul 195U0 95e3sIP
‘(1:9'1) uUeUIWOP

VI JILWRISAS
Bunes)dwod
SV 10 el
910z/sduljepIinb
onsoubelp
Y00C-HTH

eLI1ID DASOU

uoneinw
144d 03 anp Ayl
-JIX0101AD ||92
SIN pastedwt yum
uolIeOoSSe 3|qIs
-s0d ‘sebeydol
-dewl pue
sA00ydWA|-|
JO UOIBAIDY

JAISSIOX]

pa1oadsns
9l pue gi-li
JO JUSWIAA|OAUL

000'000'L/1 >=1ew
-39 ‘umouun
90U3|eAdld V([ 19SUO
JIWRISAS Yam syuaned
JO 9501 INOQE Ul U33S

000000'L/1 > 918w
-1159 ‘2doIng UIRISIM
woij Ajurew ‘syusned

[cel-/81]
SWOIPUAS UOJIEA

-noe abeydoiepy

[981-¢€81]
(Ayredowwieb
UM eLedin
21UOIYD) dWoIp

Aio1ewwleyuloINy  -sueuods DIUoIyD (1-71) edup{RUY NBJ [euojpouop -oid ojewiayybls  -bBeip binogsens ‘umousun  paniodal 057 ~umousun -UAS J9]Zuyds
$oposida Usamiaq
Ayyjeay Ajgexewas
ale syuaned ‘ysel
‘eayllelp ‘easneu
‘uled |euiwopae
‘aydepeay ‘ybnod
‘s|jyd ‘Ayredous
-peydwiA| ‘spibuk
-leyd “ansy ybiy
JO 135U0 USppNS
uay3 ‘aydepeay sissusboyred
‘AM|Igel ‘anbiey U1 3j0l e Aeyd Aew
‘3Slejeul ‘s111ew0IS @ UlWelA pue [e81-8/1]
snoyiyde ;jew |-7] ‘pa1oadsns (19A3y d1ponad
-oipoud 'shep gz asned d1ausb YM SWOIPUAS
AI2A3 INd31 pue -Ajod ‘@duai [[lBYSIB ‘SIuSpe
Jusw auIdIYd|0d sKep G 1se| soposida -IN20 |el|iwey 000°0L/1 >21eWNsd [B2IAJDD ‘SIIBUA
-dojansp [ewou ‘BJUP{RUE ‘BUIPI ‘dueulwopaid ‘e 19 Ul ‘uoneINw AN ‘alel 0s 10U A|qeqoid -leyd ‘sniewols
'SIeak G—f UIYUM -ouID ‘(Awo19| soposida olew 1ybiis ‘Aoueyul -lejue) ‘sewoy | snobAzosalay  ‘(Kemlop) sieak g ordn snoyyde
SWOIPUAS [SEMIVIIEIEN -JIsuoy) A1abins Ul YS3 parens|e Allea ul Ajjensn /lleysie Aq aAeY sjuaned uIp|IY2 Ul 000’0 1L/£°C 'IaA3) J1pouad)
Alorewweyuioiny  ‘sisouboid poooy 'SP10215021140) pue s51S01420%N37 195U0 9SeasI]  eLRID dlsoubelq Auew ‘umousun 9DU3PIDUI 'UMOUNUN  UIOIPUAS Ydy4d
suonedijdwo) sbuipuy eLRD sissuaboyed
uonedyisse|d /sisouboid Adesay) Kiojeioqe sainjesy |esiul) Jn3soubeiq /S2139UdD) 2dudjendid aseasig

(panunuod) g ajqey



Page 21 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

AyredoAuwl /sISOAN

QWOIPUAS
Aiorewweyuioiny

SWOIPUAS
Klorewwepuiony

FEN)
1S0W U] JIUOIYD
1NQ ‘asned buy
-Allapun ajge
-1e3J} JO 35D

ur sisouboud

poob ‘s|geliep

SYW

pue sisoplojAue

apnpoul suoned

-ll[dwo> 3|qissod

95IN0D JIUOIYD

1nq ‘buisdejal
-bunywai usyQ

pooypjiy>

Ul 1uauiwold si

eluaue ‘buol-ay|

Ajgeqoud sni@
-AW03150 DIU0IYD

Sauvinad
'SPI0J31S021140D
‘lemelpyiM uiels

(L-1-aue

s1 buisiwoud

150uW) sjeaibojoiq

'Sp10J215021}
-102'SAIVSN

(@ 1w
sjed1bojolq
'SPI0J31SOD11I0D
'sdI¥SN ‘suols
-nysuely poojg

pa1eAd|e YD
pue 44D ‘suneis
01 pasodxa Ajsno
-Ina4d syuaned Jo
909 ~ Ul Juasaud
pue dypads 3 01
wieas salpogue
YODWH-1Ue ‘%91
uruasaid sal

-pognue gys-nuy

AuAIOR 95B3SIP
UM 21e[21I10D
SI9AD] YV ‘eIl
-aul|ngo|bewwied
-19dAy ‘elwaue
515014200 WoIY}
'SIS01A003N3)|

dyD "gS3 parens)d

dS3 Paiens|e

'SIS01AD0ID1W

Yum ejwaue
oielodoiyikinsAg

uouswou

-ayd s, pneudey

‘eibleayue ‘gl

‘anbney 'sso| 1ybram

‘eipeydsAp ‘elbjeAu

"(9p€ ) ®dueU
-luopaid ajewaS

ewapa |euqlouad
‘AyredouspeydwA|
[eDIAIDD ‘ysel ‘uted
[euiuiopge ‘uted
Ll 42n3) oIy
Yum Jeak e skep
onewordwAs
0/ 9beJane uo
‘sKep || punole ise
S3oe1e ‘pooyp|iyd
10 A>uejur Ul Ajje
-NsN 135U0 3s5e3sIg

(dWOoIpUAs
199MG ‘siseriosd
“£°9) SOWOIPUAS

Alojewweyyul sno
-9UeIND YlIm paje
-1D0Sse Ajjusnbaiy
‘uled 21935 ‘s1and)
ybiy 1uanndal
'S91n1oeU0D JUlof
pue S2dUeQUNISIP
ymolb ui bunnsal
‘UINS pue 2U0q

JO uoleWIWEYU|

saseasip
SNSSI1 9AI1D3UUOD
Jo ‘sappueubiiew
‘sbnip Jayio ‘asn
uneis oy anp
uonewweul
1NOYLM SISOID3U
19qy 9|psnwi pale
-IpaW-aunuIWI
‘umouxun

sisoubeip
|ea16ojoyredoisiH

SUOIIBUIDIBA ‘351D
-I9X3 'SUOIDYUI
‘anbiey ‘oA
[PNIISUSW ‘SS911S
apnpul s196611
'S9U01AD Ul
3sealdul 01 bul
-pes| ‘sisoydode
Jo uononpur Jo
‘Buippays 101
-dadau ‘buppyyen
Jejn|j92enul
Bulpn|pur ‘Ao
-loisAydoyied uo
sasay1odAy us
-ISIP VI 4SYANL
Ul suonenw
‘oueliRuURd 9|ge
-1IBA YUIM JuBU

BII2}14D UoedYIS
-se|> /onsoubelp
[BDIUID J9AS§0INT

sisowW “A|qissod
‘pue WsljogeIsw
1) Ul 9j04 B SAeid
UdIYM ‘ZNIJT Ul
UoNEINUI '9AIS
-$323J [PUIOSOINY

punsal dnausb
‘sisoubelp [ediuld

-IlIop |ewosoiny

(00T
'661] (AyredoAw

VOD-DWH-hue)

AyredoAw

000'000°L/1 >9o1ew aunwwioine
-1353 ‘umouun BuiznossN

[861-961

'6¢ '8¢l (19n9)

000000'L/1 @1eWnsa UBIUISqIH [el

‘uelseone’) ueadoiny
aJe syuapied 1sow
‘(Auewao) 9| > ualp
Y2 I0b ¥ 1L'S8L L/ L
9dU3PIPUL ‘'UMOUNUN

-|IWiey ‘SWOIPUAS
dipouad pajed
-osse | Jo1dadal
10128} SIS01D3U

lowny) SdvyL

000000'L/ | > 918w
-9 ‘paniodai uibLIo
Uisiseq S|PPIA Ylim
syuaned | /saljiuey

1 AJuo ‘umouyun

[s6l-€61]
(sh1j2Awoa150
[BDOJ3NW JUBI
-INJ3J dlUoIYD)
QWOIPUAS pasfepy

uonedyissed

suonedjjdwod
/sisoubouyd

Adesay)

sbuipuy
fiojeioqe

saanjeay [es1uld

eLIdID
snsoubeiq

sisauaboyied
/S2119UaD

dudeAdld aseasiq

(panunuod) g ajqey



Page 22 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

(sa1pueu

-Bijew) saseasip

pa1e120S5e U0

spuadap sisou

-boid ‘quawireasn

YHM SWI J9AO

anoidwi syusned

AyredoAuwl/sISOAN

aIn|ley
|USJ O} pes| ued
sisAjoAwopgey
‘sisoupoid poob
AYredoAuwl/SISOAN

JUSWAJOAU]
pun| jo ased ul
pasea1dap Ing

poob [eAIAINS

AyredoAwl/sIISOAN [[B4DA0 DIUOIYD

1SOW ‘a|gelieA

g DIuoIyD

sjuessaid
-dnsounwiwii
'SPI0J21S0211I0D)

aunuIed 13a1p

a1eipAyoqued

ub1y pue 1)

MOJ ‘(351D19%3

pabuojoid

‘Bunsey) s1obb11
JO 9OUBPIOAY

Sadvywa
‘(qeudixnit) syues
-saiddnsounuwiui

'SPI0J21S0D1110D)

salpoqnue-z-|\
'SYQW-DUe s

-pogiue orL/ssL
-ue ‘Apognue iy

/TAXN ‘L-Or-hue
:punoy aq ued
salpogiueoine
oY1ads-si
-1S0Aw 1ualayIg

SIs01e21s dleday
‘elinuigo|boAw
'NNg ™MD p=1ens)d

aniisod A|qis
-sod saipognue

1930 Auew ‘z11d
//1d-11ue ' |-Of-1luy

ss|nded s, U009
‘SINPIRDOAU ‘(N Ul
10U) ysel ‘ssauseam
9psnwi ‘eibeydsAp
‘eaudsAp ‘siiyue
‘elbjeAw ‘sajewa)
Ajpueujwopaid

3PsNW Ul uolie|
-nwinooe pidy| ‘ured
'SSaUNRIM JDSNW
‘sisKloAwopgey
‘eib|eAW ‘pa1daye
K|249A35 210W pue
AJUOWIWIOD 2I0W
Sajew ‘pooyinpe
10 d>UddsI|OpPE

U] 195U0 3seasig

Spuey s,dlueydaul
‘so|nded s, uo11105)
‘s, pneudey Uonay
'95e9sIp bun| [enns
-191ul ‘AyredoAw
AJorewweyur usyl
‘SRHULR X-vY
Aluo usyo uoneius
-saud 1e ‘sajew ueyy
Po123)Je U910 2J0W
SoWI €—¢ S9lPUlR4

sisoubeip
|ea160joyredoisiH

punsay
onauab quaw
-2INSeaW aWiAzu3

sbuipuy
Apognue +sis
-oubelp [eaiurd

sapueUb|jeW
pue $35e35IP
aunwuwioine
J9Y10 Yuim paje
-12055e U310 !\ d
ul (s|192-L+8ad)
pajeIpaw-||9d
‘N Ul uonew
-ulejjul paie
-IpaW-[eJowny
‘umouxun
p|02 03 24NS
-0dxa pue ssals
|ed1sAyd ale
1966111 3uanbayy
‘wsijogelaw
ABiaua pasedwl
‘elIpuOYDOW
ul spioe Aney
uteyd buoy jo
uonenodsuely
943 Ul PIAJOAUL
SI1dDILdD Ul
UoIeINUI ‘9AIS
-$9231 [PUIOSOINY

passnosip

soponJed suioglie

01 2Insodxa
o1 diysuone|al

'95RIYIUAS-YN Y3

-|Aucaiyy-nue
1sulebe salpog
-1JUB ‘Umouun

000'001/9°6 <
(1Ze1g) 000'001/01~£
(RemION) 000'001/2'8
(ueder) 000001/ L-01

000'001/1 > 91eWISS

‘pa1dadsns ueyy 1aybry

Ajgeqoid aousjeaald

‘wsijogelsw pioe

K11} DAIIBPIXO JO

SI9PIOSIP UOWWIOD

1soul 8L} JO auo

'sased paysiignd oog
Uey1 aJ0W ‘umousiun

000'001/t'€

< 000001/51 xoidde

INQ/Wd Jo aduajerald

“WA/Wd Yim pssou

-beip syuaned jo
9%SC—0C 'umowyun

[0lz-20a
SINSOAWA|0d

/shisoAwolewag

[90C

'507] Aduadyap

(I LdD) I oseisy

-suesyAoyjwjed

aupuled jo
w0y d1yredoA iy

[v0z-107]
SWOIPUAS
95RIDYIUASIUY

suonedjjdwod
/sisouboid

uonesyissed

Adesay)

sbuipuy
Kiojeioqe

saanjeay [es1uld

eLdID
snsoubeiq

sisauaboyied
/S2119UaD

odugjeAald

aseasiq

(panunuod) g ajqey



Page 23 of 43

(2021) 16:326

S95BISIP
1e|NdseAoIpIed
pue ain|iey
[eUSI 3pN|DUl
suoned|duwod
PSTTEVCITTIET o]

AYredoAw/SIsoAy  -lJeA Ing diuoiyd

UOWWIOdUN INg
3|qissod sasdejau
‘SyIUOW IO
SHDIM M3} UIYIM

AyredoAul/sISOAN  pawil-j|as Ajjensn

uowwodun

10U 1UBW
-9A|OAU UebIO
DIWRISAS YUM

AyredoAw /s1ISOAN 95IN0 JJUOIYD

sleak 0|
UIY3IM Jueljal
-lleyd|aaym
siuaned isow

PaPUSWUIODSI
951219%3 21042q
sa1eIpAYOgIed
a|dwis Jo uon
-sabul pue
3415341 9AnDE
A|o1e49pOoUl

Juswiiealy oN

suoned|dwod
10 UoleWWeUl
JO 95BD U] SpIo
-19150211402

‘Juswieai) ON

A|9AIRIUS)Y PasN

9q Aew aseyd
91N2e U] SPIoJa)
-S021140D ‘IUdU

-1eal1 oAloddng

EENEN
aunwiwione
12410 01 UOIIe[3)
JO 95D Ul A|oAI1e]
-Ua) Pasn aq ued

(,uouswousyd
PUIM-PUOD3S,) 1531
yum Burisnodai
158} pUe 352I9X3
yum buidweld pue
eibjeAw ‘anbiey
pide. ‘Aljigeniea
[eo1ut> ybiH

SIsAjo
-Awopaeyl ‘el
-nuIgojboAw ¥
Jul|9seq paieAdl|3
[ewou Ajjensn
1Nq pai1eAdj2 3q

ssajuted

AJ[ensn ‘squii| 1amo|

Aew YD ‘syueideal Ul AJUOWUWOD 150w

aseyd ainde ‘3)psnuwl 9|buls e Ul
pa1eAd|a ou Ajjlensn  sseul buimolb A|pidey

JUSWSAJOAU

19 ‘seluyiAy e

'SIIPJRDOAU QU

-9Aj0AUl SND ‘eldad

-0le ‘siidsey d1jiyd

-0ulSO? apnpdul

swoldwAs wia)

-buoj ‘ewspa ‘uted

juiof ‘anbiiey) 1oy

JgM ‘sjyd ‘'ybnod ‘eibjeAw
-OUISOD JO UOPAS|3  219A3S JO 195U pidey

elbeydsAp

‘(9ppsnw sdadupenb
10 s1sUMm Ul Buju
-u1bag u1yo)
SSaUYPIM S|2SNW
2AISsa1b01d A|MO|S

punsay

J13auab ‘Abojoyy

-edoisiy ‘qusw
-2JNseaw aWAzug

sisoubelp

[eo1bojoyiedolsiy

pue Dydelb
-olpel ‘jeojuld

sisoubelp [ea1uld

Aouspyap
ase|floydsoyd
usabo2dA|b 01
Buipea| ‘W94 Ut
SUOIIRINW "DAIS
59221 [PUIOSOINY

(ewnesy |edisAyd

“Br3) pooisiapun

Ajood si010ey
196613 ‘umouun

sIsoiqy 4oy 3|9
-Isuodsal aq Aew
ylpue g-491
[SEHETRIIHENT)
35e3SIP YUM
paiedosse ueyd
-01dA1nAx0IpAY-S
10 ueydoydAn-]
painenuew
40 uondwnsuod
‘umouyun
sissusboyied 01
pa1ejai A|lgegold
510108} paje|paW
-aunuwwi pue
‘Buibe ‘jerusw
-UOJIAUS D11auab
'SIUBLIBA DHIA
pue ¢4a-vH
YlM pajenosse
‘Al4ap|3 Ul w0y
dipelods {(auel
A1an) IND Ul
suoneInu
‘synpe bunoA ul
195UO Y1IM WOy

00000 1L/t'L
< (ureds) poo'op Ll -
(SN) 000'0G: | pa1eWNST

000'000'L/1L > 218w
-1359 ‘umouun

000°000'L/1 > 918w
-159 (68611 Ul
dlwepida) sn ey ul
S9lewa) Aueujwopaid
‘pa10aye 9|doad
000'01—000§ ‘umouxun

000001/£°€ <= (¥SN)

[61z-917] (G 2dAy
SISOUaH02A|6)
95e3SIP SIIPIVIN

[Slc

v 17] SIHSOAW D04

[eLd
QWOIPUAS eIb

-|leAw-eljiydoursos

[cle

‘Buissalboid  ‘Adesayl sunwiwl |ewiou Jo ‘KUapie pue (1:7) sisoubelp SAISS3D3I [PWOS 000'000°L/ LZ—2°0L  'LLZ'LE] ShISOAW

AYredoAwl/SISOAN  AIMO|S pue dIUoIyD 01A1010B1)9Y Po1eAd|D 9 AeWwl YD Sojewl Ajjueulwopald  |edibojoyiedolsiH -o1ne AleypalaH (KemIoN) 000'000°L/€€ Apog uoisnpuj
suonesijdwo) sbuipuy eLIDMID sisauaboyied
uonedyisse|d /sisoubouyd Adesay) fiojeioqe sainjesy |esul) Jn3soubeiq /S2139UdD) 2dudjenaid aseasig

Leyens et al. Orphanet J Rare Dis

(panunuod) g ajqey



Page 24 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

Aoueidadxa
9JI| [ewiou
‘sisoupoud

J9piosip auog  poob pue ubiuag

a4l Jo

3ped3p PUOISS
JO pus ay11ejue
BIEIBI=NRIEETY
syuaned 1sow
's1eaA O Aj91eW
-Ixoldde uryum
[_Y3I3| pue ‘Al

J9piosip auog  -salboud dluoiyd

RVEIIEY
-JleyDjoaym
2W023q Aewl

Japiosipauog  siuaned djuoiyd

onewoldwaAs

(Ymmoib

auoq pue

sdn aley mau
s196611) paplone
30 p|noys suoin
-elado ‘sareu
-oydsoydsiq
'SPI0J91SOD110D

‘s1011g1Yul-g-Xx0D) palers|e
'SQIVSN ‘saue 9q Aew gy pue
-Xe|al 9PPsnw 4s3 ybnoyie

wlis-uoys ‘leudlou Ajjensn
(ueneso|

“69) g4o1-nue

BAENVIIETe e}

'SSW0dIN0 3|ge

-1JBA UM

||e ‘sa1euoyds

-oydsiq 'sdIvSN
'SPI0J21S0D1110D)

lg-4oL
JO S|9A9| pasealdu|

S1S01400|NdNaI

|eudlou Ajjensn

uled xoeq asny
-JIp '92U2S3|0pe Ul

A|lensn sjsoubelp sisoubelp
pue 135U0 35e351Q diydesboipey
sso| bupieay ‘ewolp
-UOYD08]1S0 ‘suoisny
aulds [e21A1D ‘(Ubls
AJJe3) $901 1ea1b
pawIojew ‘1oys sisoubelp
pue sbul|jams |es1bojoyied
||-Jowiny ‘uon -0151Y 21ydesb
-eDIS50 21d0J0I18H -olpel ‘[ea1ul]d

1eJ SNoaUeINOgNS
4O 9duasqe 'sso| bul
-1e3y 's2In1oenuod
1o aAIssaibold
‘Neb Bulppem
paseg-apim
‘Aydousie spsnwi
‘uted quui| 319A3S
||N¥s pue sauoq
Buo] Jo sIso1soIdAH

sabew| d1ydeib

-olpel+sbul

-puy [es1upd
‘BuiISa1 D1IBUD)

umouyun
2uab ‘JueulwIOp

[euIoSOINY

s|esiuayd
01 pasodxa Ua)yo
SI9Y1e} Uayiey
pue Jayiouw jo
obe J9p|o yum
pasealdul 9q
01 SW3s ysl
‘uonesyIsso
|eJpuoydus ‘sise
-usboibue ‘uon
-elaylj01doiqy
yum buijeubis
dINg pasueyua
01 buipes| ‘[yADV
Ul uoneInw
‘(onou 3p S95RD
1SOW) JURUILIOP

[ewosoINy

Buljeubis
10108} YImoib
paseasnul Ul bul
-)nsa1’1g4D) Ul
SuoIeINUI ‘JUeU
-JUOP [BWOSOINY
Aduapyap
aseupjoldnioyd

000'000'L/1 >91eWNSS
‘adueI4 Wolj Apueu

-luopaid ‘payiodal lozz] sis
S95ED OG> ‘UMOUNUN  -OUNAdOSaW03150
000'000'L/%/°0
< 000'000Z/1 “(24m [sze vedd
-eJ91|) 9oudjeAald (9se3sIp S Jaksw
SPIMPJIOM Pa1BWISD -UDUN|A|) BAIS

(92UeI4) 000'000" L/9€" L -saiboud suedy
(u1eds) 000'000°L/9€°0  -ISSO eise|dsApoiqd

[ece cee

‘9¢] (eisedsAp

|easAydelp

dAIssa1b0.d)

35BISIP UUeW
-[9bu3-neinwed

000°000'L/1 >91ewW
-1159 ‘umouun

000'000'L/L >=1eW

JUSWIAA|OAUL ‘eluIayDIadAY -soyd ajpsnwi 0} -1159 'SMIf-IZeusyysy
JeIpJed pue [eual ENBIEYE] ‘eluadLNIadAY AyiedoAwolpied punsa1 dnausab Buipes| ‘yHd ul Ul UoWIWo)
Spn|pul suon SAISUSIXD PIOAR  ‘BlUISUR DIIA|OWRY ‘sdwesd ‘eibleAw  ‘s;soubelp [e2160] SUOIIeINW ‘DAIS 'PaQIIsSaP $SeD 001 [LZZ '0z7] (/ASD)
AyredoAwl/sisoApy  -edrdwod d1uoiyd Juswieal) oN ‘elINUIO|DOA  ‘9DUBIS|OIUI BSIDISXT -0yledolsiH  -$3Jal [ewosoIny ueyl a1ow ‘umouun 9seasIp InJe|
suonesijdwo) sbuipuy eLIDMID sisauaboyied
uonedyisse|d /sisouboid Adesay) Kiojeioqe sainjesy |esiul) Jn3soubeiq /S2139UdD) 2dudjendid aseasig

(panunuod) g ajqey



Page 25 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

195UO UM S3LIeA
AupIgiow pue

JopIosip auog  Ayjenow ‘21uoiy)

sappueubljew
pUE JUSWSA|OAUI
[es1bojoinau
013np Aduey
-adxa 3yl

els

-eleydsoydodAy
195U0 dLieipad

10} Adelayy Juaw
-9oe|dal swAzug

Adelayr uon
-dnpal 91easgns
10 Juswade|dal

eILWD(R2IRdAY
dV WnIas moj

EVAIEIRET
-obuyds|Asoon|b
‘81 DD 'asepisoul
-0}y :siayiewolq
‘Aduaidysp g
ujwelA ‘Ayredow
-web |euojpouow
‘ejuaue ‘ejuad

SEINEEI
pue ured [e13]2350]|
-NJSNW ‘UOIIIUIP
JO S50] ‘sain1oel)
SS9 'S9NIUIORP
2U0q ‘1eap e}
-eulad ‘s|qeliea
AJSA 35IN0D 258351
pue 195U0 Jo aby

(leo1bojoreway
Ajpueujwopaid) sad
-ueubijew ‘aseasip
S uosupyled ‘Alebaw
-ous|dsoleday
‘sou03s||eb ‘auoq Jo
SISOID9U JR[NDSEAR
‘ujed auoq ‘Auagnd
pakejap ‘uoi
-epielal ymmoib
'anbiiej 'a|qeriea
95IN0D 35BISIP

punsal onausab
AQ paWIYUOD
's9in1eay 2160
-0lpel 4 Sanjea
Aloreloqe

punsa1 onsusb
‘AIAINDR SWIAZUD

uolezijelauiw
Jo JoygIyul ue
‘31eydsoydoiAd
JO uoneINWNIe
01 Pes| g7¥SNL Ul
SuoneINW “Jueul
-Wwop-|ewosoine
10 SAISSII31

-|lewosoIny

9pIs04ga4230on|H
JO uone|NWN>Ie
0} Spea)| asepIs
-01ga12200n|6
[BUWOSOSA| Ul
Aduapyap {1 vgo
ul suopeInw ‘aAIs

000'001/1 91ewns3 dH
91eJapowl 10§ 0/£9/1
dH 219A35 10} 000°00¢/1

000'001/5'L
< SM3[-IZeUDYSY

ur0ss/L ‘Spimplom

[8€¢—9¢T] (dH)
ejsereydsoydodAy

[Gec-teq] (sosed
40 %06 Ul | 2dAY)

19pIoSIpauog  pasnpaidluoly)  awAzua buojyn -01A>0quioly | pue 195U0 Jo aby JOIUSWIIINSER|\  -S9D3 [PWOSOINY  000'00L/C—| Pa1ewnnsy  2seasip sJaydneo
sewojnuelb ewojnuelb
Areuowl|nd Ag Ul uoIBINWINDDE
pasned Aduapy uon ewo|nuelb SpIwelad Aduapyap
-jnsui Kloyesdsal -ejuejdsuely |90 Aloyeudweyul ‘910A ‘ewojnuelb jo asepiuelad poe
013np YyieaQg wa3s ‘ssauboud Jo ssauasieoy Abojoyiedoisiy 2Uab-| HYSY
9AIssaIbold Ul Adesayy usw ‘9seasip ol ‘s9|n AR BWAZUD DA 000'000'L/1 >21eW [1ez'ocdd
J19pJos|p suog puedjuolyd  -9de|das aWAzug -pou snoaueindgng JO JUBWIAINSEAN -|lPWOSOINY -1359 ‘uMmouun 95e3s|p Jage
uon (Ele
-duny [eual pue ENENopLE] -10SIp payull-X)
JejnoseAolpied Aq -NJSeAOIPIED ‘DIN|Ie) SWOSOWOIYD-X
pauWl| NG ‘143 A2upiy ‘swordwAs uo auab-y79 Ul
YIM pasealdul [eunsajuloiised Bunsal dsuab uofeInw 03 anp
Aouerdadxa Adelayy uawl paliedwl aq ‘sisoiplyodAy ‘AUAIIDE BWAZUS  AdU3DYap v asep l677-127]
19pIOsIp auog 3y DuoIyD -ooejdas awAzug  Aew uonduny jeusl ‘uted d1yledoinap| 4O JUBWIINSEIN -1so1oe|eb-eyde 000'001/58'0 elje)ISNY 95easIp Alge
suonesijdwo) sbuipuy eLIDMID sisauaboyied
uonedyisse|d /sisoubouyd Adesay) fiojeioqe sainjesy |esul) Jn3soubeiq /S2139UdD) 2dudjenaid aseasig

(panunuod) g ajqey



Page 26 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

uonow
Jo 2buel paonpai
pue ‘ssauyis
‘ured 0y anp
Ajsow Aupigiow
‘aAIssaiboud

12pI0sIp auog pue djuoiyd

asiwoidwod
Aleuowl|nd pue
Aljigeasut [esin
-19> 03 anp Ayjel
-JoW pasealdul
‘9oUds3|0pe

U1 buruuibaq

(uow

-Wod sasdejay)

K19bIns ‘sareu

-oydsoydsiq
‘Juswasbeuew ured

(219 gV ‘wnipjed)

|eudlou Ajjensn

wisljogelau
2U0(q JO S

K1abuns ‘Adesayy
aAIoddns qusw
-abeuew ured

2UOq pa1daye
9AOQ (BWBYIAID
's1501qy 'sIsoy>
-HuadAy) 1usw
-9A|OAU] 9NSS1 OS
‘leJa1e|Iq 99 Aewl
INg ‘qulij suo ul
Ajlensn (Auwaiixa
JOMO] Ul $9U0G
Buo| Ajjensn) sisox
-s012dAy ‘ssauyns
‘Aouedaidsip yibus)
63| ‘uted auoq pue
JUl0f 'S2IN12BIUOD
‘Awiofep quli|
‘92uddsajope

10 pooypiiy>

Ul 19sUO osessi(g

9|qIssod Juswi
-9A|OAUI D1BOjOINSU
pue [euiwopge
‘lexusp ‘1bojolpne
J1bojoweyiydo
‘Selpied ‘Areuownd
eisejdodAy ploy
-uopo ‘2ouab|
-|91ul paasasald
‘uted juiof ‘Aiixe)
snojuawebi|

yum eise(dsAp |eas
-AydidaojApuods
‘wsyemp yuniy
1I0ys ‘eise|dsAp
|BIS[S dAISSDID

SWOIPUAS J1op
-Us||O-=4yosng
pue ewIapOIa|s
UM UONRIDOSSe
d|qissod buljp
-pow pue
UOIIeWIO) 2UOQ
ul 9duegInIsSip
‘asned gjqissod
e se paydadsns

(ap1uyosAald) suoleinw
BLI211ID D1IS0U €QW37 211ewos
-beip oiydesboipey DipeJods Ajjensn

AduaIdyap
-3581RJ|NS 918}
-|Ns-9-aulUIRSO}
-oe|ebjA1ade-N Ul

punsa1 dnausab Bunsas ‘sNTYO

000°000'L/1 21w

‘pa1iodal Sased O0f ~

000'000°L/9'L <
(eljesny) 000'926/1
(e1sAeleIN) 000'T£8'L/L

pvz—cvz 'soll
(se3sIp s, 1437)
SISOISO3YIOISN

[Lyz-6€7] (Al
2dA1 sisopueyd

adueljal-leyd ‘Adessy1 uswi -oid ‘pooyppyd 'AIAIIDE BWAZUS Ul SUOIIRINW ‘BAIS (3IN) 000’665/ -desAjododnu)
J2pIOSIp auog -[9aym D1uoiyd -90e|dal awAzug aulIN Ul SHYD Ul 19sU0 asessi JOJUBWaINsSeal  -S8dal [PUuOSOINY (jaewuaq) 000'€CE/L 95e3sIp OINDIOY
suonedjdwo) sbuipuy eld)d sisauaboyyed
uonedyisse|d /sisouboid Adesay) Kiojeioqe sainjesy |esiul) Jn3soubeiq /S2113ULD 2dudjendid aseasig

(panunuod) g ajqey



Page 27 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

s|qissod [esz-157]
950> Buisde|al AM|Igeyr [ensnun aouenauad (3WOIpUAS
-Bupmwal Jo ‘341 JO SYIUOW G 219|dwodul YIAWS ‘DUWIOIPUAS
J1uoIYD ‘pooy ulingojbounwiwil 1514 Ul 92BJNS uoneuwLuUOd UM [/[ 70D Ul UBULIDA|IS-A3)jeD)
-pIy> AjJea pasealdu| ‘ejuaue [BDI1I0D USINO JO SIS J132uUab Yum sis uoneinw snob '5150350J9dAY
ENeEN[e) Ul BuwI-|9s SAIVSN ‘SIS01A20qUIOIY} -035019dAY ‘sanssiy -oubelp o1ydelb -Azo1a19y ‘queu 000°000'L/1 >o1eW |eD1140D B|IuRjul)
3NSSI1 DAIDBUUOD) Ajjlensn ‘poon DewoldwAs dV '4S3 Po1eAs|3 1OS JO BUlj|amS 19A94  -OIpel Pue [BdJUD  -IUIOP [BUWOSOINY -1159 ‘UMmouun aseasIp Aayjed
ewodne|b ‘Aje
-bawous|dsoreday
Aoue1dadxa ‘DUIOIPUAS [auUNy
I| [PWIOU dARY |edJed ‘ainiels
Kew wlloy paje 1I0US ‘JUSWSA|0AUL
-nuane Yyim Alolelidsal pue Aduapyap
syuaned ‘(Buniw Jelpied ‘sainidel} SWAZUS ase1ey
JUSUISA|OAUL 1uaWabeuew -U0d ‘ssauyns -|ns-g-a1euoinpl 000'000°'1/29°0 [0sz-8+7]
1e|NdSeACIpIeD) uled quauilean 1i0f quauwlieduwl :19plosip abeiols <« (jlewuaq) (dwoIpuAs
sIeak 0E—0¢ aAlioddns SAIUDHOD ‘Sbuelo, p Bulsal o1euab |BUIOSOSA| ‘S 000'000'1/16°0 (Aem 121UNH) 7 9dAy
UIyIMm [eyia) ‘Adesayy Juaw nead ‘pooypjiyd ‘A1IADR BWAZUD Ul uopeInw -ION)) 000°000'L/#¥°0 sisopleyd
19pIosip auog usyo dluoly)  -ade|dai awAzug auln Ul sHYDH Ul 195U0 35easig JO JUBWIAINSEIN  ‘DAISSIDAI PXUIl-X  (USPamS) 000'000°L/S90 -desAjododn|y
JUSWISA|OAUL payoadsns uon
[eunSaUl0ISED -eJayljoid bunow
'SISOIqUOJRAW ‘Ysed -01d 2U013150153)
‘sisolpiyadAy JO JUSWISA|OAUL
‘(Snsoua1le snnp ‘Kemyied ding
1ua3ed A|epadsa) 10719-V1H
S95BISIP 1IR3y [B) 01 paiejal osje
-luabuod ‘Ayredoiyy Ajqissod ‘godH
-1e031500]1URID '1ZVODTS Ul suon
‘sisoysonad ‘Buiq -eInuwl ‘pa1sabbns [/¥7-S¥T ‘v
-gn|p [eubIp ‘elwISp 0s|e adueILIBYUI 'c7] (WOIpUAS
K19bins -Ayoed ‘sieak 0z-5 paYUII-X pPUe dAIS 9|0D-91U3|0S
onse(d ‘splounai 10} uoissaiboid -S9231 [BUWOSOINe -auelnoy ‘Ayx
‘soreuoydsoyd ‘Auagnd Ul usyo ‘uanold aoueia -edoiy11e09150
sieak 0Z-§ -SIg ‘2uUIDIYD|0d 195UO 35e3SIP ‘(1:/) -uad a19dwodul oiydoinadAy
10} dAISSUD 'SP10J231S0D Sajew ul Ajjueu YuM JueUILIOp 000'000'L/1 > 231w Arewyid) 1503150
19pIOsIp auog -oud D1uoIyd -1102 'sIVSN sypadsun -lwopaid sind>Q  sisoubelp [esiulD [EUWIOSOINY 1S9 ‘umouun  -LidoulspAyded
suonesijdwo) sbuipuy eLIDMID sisauaboyied
uonedyisse|d /sisoubouyd Adesay) fiojeioqe sainjesy |esul) Jn3soubeiq /S2139UdD) 2dudjenaid aseasig

(panunuod) g ajqey



Page 28 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

JUsWIeal) pue
dn-moj|oy seinbai
Y1M [euIou
Kouerdadxs ay|
"JUSWISA|OAUI
Je|noseAolpled

aseasip uo spuadap

ONSSII 9AID2UUOD  AY[RHOW DlUoIYD  delpied 'siayd0|g—g

puissaiboid
Amols Aluo
‘suordwiAs pjiw
aseasip  Ajjensn ‘buisdeal
9NSSI1 9AIDRUUOD  -Buiiwal Dluoiyd

ymolb buioeid

-SIp /Buipeaut Jo

as5ned3q [eyld)

Ajjenuaiod

‘aAIssaiboud

pue diuoIyd
U)o ‘3|gelep

oseas|p
9NSSI] 9AI1D2UUOD)

uouwlwod
suonedldwod
[BJ111915G0
‘adA1gns Jejnosen
ur sisouboud
1SI0M DIU0IYD

ENEEN)
9NSSI]1 9AI1D9UUOD)

eISe19
[eINp ‘SISO1|03S
‘sipua)| eldods ‘asde)
-0Jd SAeA |l W
‘wsAinaue dploe
‘AlK1oepouydele
‘AjigowiadAy

AK12b1ns 21p
-adoyuio 1o/pue
|euliou Ajjensn

uondUNYSAP
uebJo yuanbasgns
pue sisoiqy 0}
Buipes| ‘spue|b
Kienljes 1o suebio
|eunsajuionseb
US40 150W ‘3|qIs
-50d JUSWISA|OAU|
paleAs|e ueblo Aue ‘pardaye
SPI0I2ISODII0D) 3 Aew OB wWNIaS  Ajewd usw AJsp|3

$21n1on.3s buipunol
-INS JO UOIDNIISCO
J0o apeib uo
puadap swoidwAs
19430 ‘eaudsAp
‘siskidoway 'yonod
‘pa1daye gidoad
19bunok uayo

K19b.ins
‘sajdesay [ed0|

'SPI0J21S0D1110D) [ewsiou Ajjensn

elu0j0dAy

32sNW ‘WisAinaue

lejndsen ‘eibjesyuie

‘Buisiniq Asea

‘uonexn| pue Ay

-xe|4adAy uiof :2dAy
-gns uo bulpuadag

Juswiean Buisiniq Ases
aAIpoddns pue 91dsap snies
onewoldwAs AuQ  uoienbeod [ewloN

iof ‘a1ness |jeL

Aunge

-lea oidAyousyd

obue| ‘uonenbal

g 401 pasanje

pue uopRduNny |

qy paqanisip

ur bun|nsas ‘| Ng4

BLIRID  UJ UOIBINW ‘ueU
1UBYD PasIARY  -IWIOP [BULIOSOINY

10128} XSl

euLlID uonesyls  9jgissod ajdninwi
-SeD YVINI/ADY  ‘Pelelpsw sunwiw|

paiejau

-0 A|qissod

'anssiy snoiqy

Jo uonessyioid

'sIsoplod.es

10 (sn|jibiadse

‘ewse|doisiy)

SUOIID3UI 01

anp Jo 21yredo
-1p! 59582 1SO|

sisoubelp
olydesbolpey

adAigns
uo buipuadap
I3Y10 pue
LYET0D/EVSTOD
/2YSI02/1VST10D
Ul SUOIIRINUI ‘9AIS
-S9D2J [eUlosolne
10 JueUjWOp
[ewosoINy

uonesyls
-Se|2 UDURLR||IA

Al[ea1susb) 000'001/59

(pewuag
ul syuaned usaoid [997-%97]

SWIOIPUAS UBpIR

[€9¢-097] =se9

(ueder) 00000L/9  -SIQ p1eRI-HOD|

000°000'L/1 >o1eW [6ST—/GT] simu
-1159 ‘UMOUNUN  -l1SeIpal Buisolql4

000'001/2=000'S¢/L [957—1G] swoip
—-00001/L -UAs sojue@-sia|y3

suonedjjdwod

uonedyisse|d /sisouboid

sbuipuy

Adesay) Kiojeioqe sainjesy |esiul)

eLdID
snsoubeiq

sisauaboyied
/S2119UaD

dudeAdld aseasiq

(panunuod) g ajqey



Page 29 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

sisoubelp
19yesieak g1 |
[BAIAINS UBSW
'S9SBISIP ANSSIY
SAI1D2UUOD ||e

puowe sisou
-Hboid 1s10m
958351 ‘aAIssaiboid
2NSSI) DAIIDUUOD) pue dJuolyD
JUSWISAJOAUL

Je|ndseAcIpIed

UM pasealdul
Alljeriow ‘9seas|p
9NSSI 9AIID2UUOD
13410 01U] SA|OAD

ENEN]e) Aew ‘anissaiboid

35e3SIP D pue
‘Bun| ‘ups 49|n
|eubip ‘uouswou
-ayd s, pneufey
JO JUsWIRA]
aAioddns pue

djewoidwiAs

syuessaiddns
-ounwiwil ‘sploia}

||| 9selawiA|od
-VYNY-1ue ‘(0/2S)
qvy-|-25eIaWos
-lodo3-nue ‘gy

-2J2WONUSD-NUY

(dNY L N-hue)
Salpognue uisl

JUSWISA|OAUL
uebJo 3|qgeleA
‘elbjeAw ‘elbjesyrie
‘AljigowodAy
|eabeydosa
's192|Nn [eUBIP ‘Hvd
‘sisoiqy Aseuownd
‘uouswouayd
s, pneukey ‘bul
~UDMIIYI UBfS
's1eak 9 — Gt
9be 1e aduUspIdU
siead ‘(1:€) 9dueu
-luopaid ajewaS

JUSWISA|OAUL
1e|NJseAoipied ‘eau
-dsAp ‘AujnowsAp
|eabeydoss ‘Hvd
‘3aseasip buny jenns
1SOAW ‘s
-IpJeduad ‘sinunajd
‘Siye ‘spuey
Aynd ‘uouswou
-ayd s, pneukey
(1:€°€) @dueuU

(suondayul
‘SUIX01 ‘Isnp eol|Is
‘uonessl|e
W21sAs aunwiwll
‘uonouNysAp
1se|jqoiqy ‘sal
-pogiueoine
‘Ayredo|nosen)

paidadsns  meldoy)d Jo uoneindod
S1012e4 |eD160|0 ul 9ouajeaald pariodal
-1IsAydoyied jus  4aAS 159YbIY ‘s91IUNOD
-124Ip ‘pa1dadsns UJ3Y1IOU Ul UOWWIOD [s/z-t/2
UoI1RIDOSSe ss9| ‘eIsy ueyl adoing 'St ‘P '0€]
eLRIID YOV -V H ‘umouyun Ul UOWWIOD 3IO|  SISOI|DS DIUISAS
(emexnsey|
‘|esueyjin pue

e|n0b635-UodIe|Y
‘s, dieys) 1six
eLIS}1D DlIsou

sisousboyied
ul 910l e Aeyd Kew

(Sce=)

000'001/0€-G1 < apIm
-prom (000°001/69%)
euloyeyO ul suelpul

[L£2-697] (3se=
-SIp 2NSSI A}
-D3UU0D PaxIW)

9NSSI1 9AI129UUOD puedIuoIY)  -SODILO0D 'SQIYSN  -01dos|dPNUOgU-NUY -luwopald sjewad -Beipiuaieylg  S||92 g ‘umounun 000°001/8°€ SwoIpuAs dieys
panjoAUl
[EDLIIDWWIAS S311
-IUIJ1X3 USYO IS0W 151X
'S2IN12eU0d JUlof (3s1219%3 [e21sAyd
AAnoe 'S9NSSIY YOS Y10 “£9) 1966111
95e3SIP J0J JodyJew pue upys Jo buius a|gissod pue sisa
Ajqissod |-dWIL -PIY3 pue buljjams -uaboyied uo
Adesayy yam Juswiean 'YS3 paiensjs |nyured Jo 195U0 19 S3UOSYL IUSIYIP [89¢
10 Ajsnoaueiuods alinbaJ syuaied ‘eluaulNgo|b 1dnige ‘(spedep Zapueuid4-jeuld Auew ‘paqudsap '/97] (shidsey
aseasip $IN220 Ajjensn [|B 30U X [N -ewwebiadAy U15-Yiy ueaw) abe Aq L2111 210U ZV-YIH Yum 000'000°L/1 >21ew dlj1ydouisoa)
9NSSI} DAIIDUUOD)  UOISSIUIDI ‘D|geLIeA 'Spl0421s021140D)  ‘Bljiydoulsos poolg  Aue 1e 195U0 9s5easid -beip pasodoid UOIIeID0SSY -1359 ‘UMOUNUN  9SB3SIP UBW|NYS
suonedijdwo) sbuipuy el sissuaboyed
uonedyisse|d /sisoubouyd Adesay) fiojeioqe sainjesy |esul) Jn3soubeiq /S2139UdD) 2dudjenaid aseasig

(panunuod) g ajqey



Page 30 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

QuloIp
-UAS yimoibIanQ

SIUAD 1|0
-u90quwolyl pue
Ayiedojnbeod
apnpoul suoned
-l|[dwod ‘sejnsy
AV JO 9snedaq
QWIOIPUAS
19g9/N-S3Jed Ul
Aujepow 1aybiy
‘y1e3p JO 3SNED

AJa1e1 Ing D1uoiyD

(Jowny sWjipn
“69) siowny Jo
S pasealdul
'S9SSPW SNOJeW
-odi| Jo aoual
-In>aJ Juanbayy
‘JleSOUl D1PWOS

SIUDAD
21]0qUIS0gUIOIY}
‘suonOAuUI
JO JusWIRSL}
'K19buns Jase|
'SBUD01S
uolssaidwod
DpewoidwAs

usWw
-1eai} [ed1bins

10 'BuIsoIa|ds
‘I9se| s1o1qiyul
-VOEMId 9AD3I9S
pue siougiyut

se|nisy

AV + :DUWOIPUAS
1905 ed Ul SNy
-unud ‘ewaps ‘ured
(B3] Ajluowiwod
150W) AJWDIIX
3UO 0} pa1e|os|
Ajjensn ‘(syabua)
quul] JUaJRYIp Ul
Bupnsas usyo) ans
-S13 1JOS pue auoq
40 AydoiiadAy
'SUIDA SNODLIBA
‘(ure1s auimiiod)
suopewlojjew

jewloN  Asejided snoaueind

S3l|euloue [eual
‘901 deb [epues ‘A|L1
-depOJdeU 193} pue

puey jo wsnuebib
‘snAsU [ewsplda
J1eaul| ‘sJapIosIp
|ea160j0INauU pue
|BIDDSIA ‘YImolb
SU1aWwiAse ‘eiseld
-1adAy snojewodi|

sisoubelp
oiydesbolpel
1D

punsay

onausb ‘(e 1e
ECINBE]e[eEY)
winJdads
ymmolbiano

pa1ejoi-yOeMId

pa10adsns sans
-S1} [eWISPOSaU
pUE ‘s|9559A ‘PI0D
[eulds ul s109)0p
|eyuabuod
‘6JVAH 'SONI
1495V 'VOEMId
‘DSOA sausb
21epIpuUed Ul
-In> ‘pardadsns
Sapowl adue
RICVVRVEICTIel
a|dnjnw ‘umounun

ymolb
-J9N0 3NSS[

Buisned ‘yoeyd
ul uoneinw

000'000'L/1 >31eWnss
000°001/1 2u=apidul
pa1ewliss ‘aunlelall|
Ul $35ed pariodal

0001 ~'umounun

000'000'L/L >=1eW

[€8¢-087]
(3WOIPUAS
1309M
-saMled =se|nsy
AV YIM
ulloy [eads
‘Keuneuai]-jad
-di|y =3wolpuAs
oiydoaadAy
-03150-01bue)
x3|dwod
SWOIPUAS J9gaMN
-Aeuneusl|-jaddiy

l6£2-9.T]
(3WOIpUAS

1ASU |ewdiapida
‘suoeulIojeul
JejnoseA ‘yimolb
-19A0 snoewlod]|

swoip uo spuadap -9seupy yoLw JppeIoY) ‘'suon 10} BL}ID DI} JpobAzasod ‘Buj -1353 ‘paiodai sased [e3US6UOD)
-UAS YyimoibIanQ AIISASS DIUOIYD  YUM S|l [ed1ulD JeWION -eulIOjjew Jejndsep -soubelp [esiulD -1BAI1DR DIRSOIN M3} B AJUO 'UMOUNUN  SWOIPUAS SIAOTD
suonedjdwo) sbuipuy eld)d sisauaboyyed
uonedyisse|d /sisouboid Adesay) Kiojeioqe sainjesy |esiul) Jn3soubeiq /S2113ULD 2dudjendid aseasig

(panunuod) g ajqey



Page 31 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

(D19
‘snosueIND/|eau
-oyladosral/buni
/2e1pJed) 9|qissod
JUSWAA|OAUL UebIO
19410 ‘(SOUIOIPUAS
|eplwelAd-enxe
/lepiwelAd ‘sooueq
-IN1SIp [ensiA
‘snpidisul s919GeIp)

1yul-4vyg JUSWA|OAUI SND SaUI0IAD Jo Uuon
(1171 19NL) ‘uasald skem|e -eAIDRISdAY Yum
sjedibojolq ‘syues A|JBIU JUSWISA|OAUL Bunsal oiuab S1S014001151Y-| |92
%0/ >[eAnns  -saxddnsounwiw AdusdYnsul Aiey - suoqg ‘9)| Jo opedep  ‘sisoubelp [ed160) sueyisbuel-uou 000'000'L/L > 12w [067-/87]
1894~ ‘|eyia) 'Sp104215021140d>  -Inuid Jo SUBIS 4y Y1£-YaG Ul sajew -oyiedoisiy ‘suoneINW-{yyg -1359 's95eD paiodal 95e3sIp
J9YIQ  USIO pue dluoIyD 'UOJBJIRIU| IO gV 'YST parens|3 Apueuiwopald  puediydesboipey 950G UBY1 SJOW U| 009 ~‘UMOUNUN  J21SaYD-WIRypi3
saINzI9s
‘Juawleduwl en1oa
-[21u1 'adA1ouayd
[e1oBy ‘siouwny
"YmolbIano a3e
-uonJodoudsip
pUEB DL1DUWWASE
‘sall[ewiouge Aleu
-ow|nd ‘(sewodl))
anssiy asodipe
pa1e|NBISAP ‘S350Q
-Wwoiyy uen dasp
‘suoneullojjeuw
Je|NdSeA ‘snAsu 000'000L/L > 918w
1oddns 2NSSI1 9AD3U -1153 000°000'L/1
JUSWISA|OAUL |eo16ojoydAsd -U0D WIOJlIGRID P1PWIISS 92USPIdUl
|ea1bojoinau ‘sa1abIns 'SONSSIIIURBYIP  2NSSI PA1DAYe JO 5||92 pa1daye ul ‘SI9PIOSIp wn1oads
10 Alojelidsai Jipadoyiio JO Ymolbiano Bunsalouab  Ymolb paseadul YIMoIBIaA0 3410 0}
019Np 9%0C ‘sixe|Aydoud {(1:7) S9jPWa) UBYY ‘(usyod “|e 19 ‘uoneINw [ Jyy SaNLIB|IWIS JO 3SNEdAq
aulolp Ul y1eap ainy opoquiolyinue 3|q1ssod | AQ pa103jje Ajuowl Jauin]) eusud Bupeanoe pasoubelpsiu/-1aA0 [987-187]
-UAS YyimoibIanQ -ewaid D1uoIyd 2adoddng  pue Ayredojnbeod -WOD 2I0W SI[BN  DISOUDRIP PasIAdY D1BSOW DI1eWOS A]q1ssod ‘'UmouNun  SWOIPUAS SN210ld
suonedijdwo) sbuipuy el sissuaboyed
uonedyisse|d /sisoubouyd Adesay) fiojeioqe sainjesy |esul) Jn3soubeiq JL=TAETET) 2dudjenaid aseasig

(panunuod) g ajqey



Page 32 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

S1e1 [AIAINS
poob 1odai
S9IPNIS 1USdA)
1NQ ‘S|qelieA a1el

13Y10 [eAIAINS DIUOIYD

SS pa1eIosse
-Aoueubijew

Ul UOWIWOD
2low sasdejal
'UOISSIWR
paonpul-Adesayy

13410 10 snoaueiuods

p|o sleak g
S11uai1ed uMouy
159p|0 ‘(Wioy
S[nuejul) oy

Jo sIeak z 11y
Ulyum [eyia)
U340 1N ‘95IN0d

YO 3|geUEA DlUoIYD

sjea1bojoiq ‘syues
-saiddnsounuwiul
'BUIdIYD|0d
‘suosdep ‘sploJay
-SODI1I0D 'SAIYSN

punoj ji
asned bulApspun
Joluawieal)
‘sased buisdeal
ul syuessaiddns
-ounuul ‘aurd
-14210 ‘3pIpol
winisseiod
'SP104315021140D)

Adelayy jeuon
-1NU 'sgIYSN
‘KdesayrolsAyd
‘duiweypiuad-g
‘K12bins
DpewoidwAs

3|qissod upys pue
S9A3 ‘syulof ‘aseasip
SA[BA [RIHW IO
DI1IOR S|9SSaA pazIs
||B JO SIHINDSeA ‘1DR1)
Kioyedidsal ‘asou
‘siea A|e1>adsa
‘abe|11ied Jo uonew
WUl USLINDaI
‘Ss)npe pabe-ajppiw
u113suo AjeaidA]

aAllIsod aq Aewl
VONV diD pa1ers|3

eibjeAw

‘sayoepeay ‘asiejewl

‘e1b|elye ‘a1en|yul

[ewap oljlydonau

ISNYIP ‘SUOIS

UIYS SNOJRWALIAIR

Japuay ‘eljiydoiinau

[esayduad Jansy

40 19s5u0 1dnige

‘9dueuIWOpald
SIIUETRIVIETIN

ddD YST palensis
'51S01A00%N3]

|ewou
1uaWdoPAsp 2/l
-1ubod Ayredosarus
Buisol-uiar01d ‘suon
-D34ul "elUad0oa350
‘uoisodap auleAy
'S9IN12BUOD
ui0f ‘AydoiniadAy
[eAlIbulb ‘sajnpou
upys snoaueindgng

(eayuselp “H3)

suoned|dwod

uo bulpusdap
sbuipuy doy1dads oN

21121110 SUIADT]

pue juejweq ey

-31110 , SWePYIN
‘BLIRID S IDYDIN

usyod pue

19%1eM AQ eLRIID
Jnsoubelp s
paonpul-bnip
‘(yasauq usp

ueA Ag payipoul)
NI pue ns Aq
eLI211ID DISOU
-Beip :ssdissed

punsal dnausb
'SIWISP Ul UOI}

-1sodap auleAy

JO uolensuows(

SIN220
S|9SS9A PazZIS

||E JO SIINJSeA
“(Saw) esessip
[ed1bojolewsy
10 suNwiwioINe
p31e120sse ARy
syuaied e Jo
%0€ ‘PHa-VIH

UlM uonenossy  -11sa (Alebunp) 000'001/¢

(aseasip
s,uyoid yu
sajewy A|[erd

-ads9) saseasip
|9aMmoq Alorew
-wepuj 03 paiefal
AJUOWIWIOD 'SS
proyhoonsiy
paonpul-bnip
pue ‘pa1e1dosse
-Koueubijew
‘(d1yzedolipr) S

DISSe[D lUMoUNUN

pa1dadsns
suopendod
UIo1seg 9|ppI Ul
A>uanbauy saied
19yb1y {(suixoy
Xelyiue spuiq
os|e) sisauaboyd
-loul AJejjided

ur 3|01 e skeid
1ey3 uRyold
suelquiawisuel}
e sl ZOND ‘auab
~CYXINV/ZOND

Ul SUOIIRINW ‘3AIS
-$323J [PUIOSOINY

000'001L/C'L <
000000°L/S ¥ :2in1RIaN|
ul aduajenald parew

000'000'L/1 >=1ew
-1353 ‘'Umouun

000000'L/ | > 918w
-11s9 ‘(1se3 s|ppIN
wou} Apueuiwop
-a.d) payiodal
SISED 0G| ~ ‘UMOUNUN

[90€-10¢]
sijpuoydAjod
Buisdejay

[00€-567]
(slsoyeulap
ljiydosnau
9|lgs) 8Inde 'sS)
SWOIPUAS 199MG

[v6c-l67]
(sisorewolqy
ENACEIVEN
/SIsoul|eAy J1wa)
-SAS j11urUI)
SWOIPUAS SNOY
-ewoIqy auljeAH

suonedjjdwod

uonedyisse|d /sisouboid

Adesay)

sbuipuy

Kiojeioqger sainjeay jestul)d

eLdID
snsoubeiq

sisauaboyied
/S2119UaD

odugjeAald

aseasiq

(panunuod) g ajqey



Page 33 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

NENTIE]]
01Ul 9A|OAS Aewl
‘uoissalboud

1BY10 3|geleA DluolyD

SVENY]
-9A|OAUl UebIO
JIWRISAS JO 958D
ul Jood ‘a|qellen

YO sisoubold Dluolyd

Aujepow
pasealoul Yim
JUSWIAA|OAUL Je)
-NJSBAOIPJED pUP
$s0| bulieay 1ua1
-sisiad apnpoul
suonedldwod
‘Buisdejas-bun

19Y10 -llWel 10 JluodIyD)

aulsouspe
-AX09p0IO|Yd-7
'SPI0J21SOD11I0D
‘0-U0J34I31Ul
‘Juswiieal} dllew
-03dWAs ‘qluiew

sjed1bojolq ‘saues
-saiddnsounwiull
'SPI0J21S0213110D)

Juswiean
01 aAIsuodsalun
U910 swordwiAs

Aloypne-ong
-SaA 's|ea1bojolq
‘syuessaiddnsou
-NUWWE'sgyywa

'SPI0J21S0D1110D)

eluauluIngeodAy
‘UnLUsy uIgnaIig
"HQ1'p1oe 21N
‘ase1dAi) parens|e
‘eljiydouisoa
'S1S01K00%N3)
‘elusadolfdoq
-WOJY] ‘Blwauy

e|wausw
-9|dwododAy
‘eluadoona| 1o

SIS01AD0%N3) ‘elW

-9Ue "YS3 parend|3

3|q1ssod dyD J1o

4S3 pa1eAd|D ‘SIS
-01A20qWIOJY3 ‘SIS
-01£003N3| ‘eluauy

515010d033150 ‘$50)
1ybram ‘sixejAydeue
‘saydepeay ‘uled
|B13[3%SOINdSNW
'swoldwiAs |9
‘elied(n ‘buiysny
‘esojuawibid
elIed[1IN 9SNed
S||22 1seW Jo uon
-B|NWINJe pue uorn
-eJayljoid jewiouqy

d|gissod
JUSWIBA|OAUL UebIO
JIWIISAS ‘s9|Npou
Bun| ‘uonewweyyul
1e|n20 ‘ss0| 1yblam
‘e|xaJ0UR ‘A|leHaW
-ous|dsoleday
‘eIb|RIYLIE 'BSIRjRU
'IaA3} 'S9INPOU N}
-uled AJolewweljul
snoaueIndgns
1Ua4INd3l ‘pa1daye
salewa) pabe-a|p
-piw AjJUueUIWLOPaId

ayoepesy
‘ebjeAwolyie
'ss0] 1yBlom Uansy

‘suoldwAs Aloupne

-0|NgNsaA ‘(uebo)
|ed1dA1e pajjes
uay3 ‘suordwiAs
1e|N20 J3Y10 JO)
SneIoY [ennsiolul
ydAs-uon

IEMT)

dlsoubeip OHM

sisoubelp
|ed160j0y1edolsiH

SWOIPUAS UeHOD)
|eoidAie pue

[e21dAY 40 BLISID

onsoubelp [ediuld

uoldUNy pue
1uswdojanap
|92 1SBW 1034102
10} [PUSSSD
J101dada) aseuly
QUISOIAY B S| | [y
‘[ [y Ul uoneNw
uonduny Jo

ureb onewosg

aunuwioine
Ajgegoud 4esppun
wisiueydaw
‘anss|y asodipe
snosurINdgNS
JO SIS0Id3U pue
uonewweyul

‘umounun

pa1dadsns bul
-jows anaiebid
YIM UoNeIDOSSEe
‘(syuanyed jo
%01 ~ Ul pasou
-beip aseas|p
sunwuiioine
|euonippe)
pa1sabbns
ssodoud saunwi
-WwjoIne ‘Umouun

(sadAigns
DIWS1SAS [|e Buipnpul

“jiewusd) 000'001/65°6

000°000'L/1 >91ewW
-1159 ‘pariodal sased
M3} e Aluo ‘'umouyun

000°000L/L >=1ew
-1359 ‘pariodal sased
05 1970 ‘Umouyun

-Ipr
aaneinddnsuou

[8lE-PLE]
(3se3s1p |19

15eW) SISOIAD
-01SPW DIUWDISAS

[elLe-olel
(snynoluued
lejngoj o1yredo
|notuued

Ie|npou 3|1iqay

puisdejal)

siynouued
UensHYD-19gom

[60€-£0€]

SWOIPUAS uebo)

suonedjjdwod

uonedyisse|d /sisoubouyd

Adesay)

sbuipuy
fiojeioqe

eLIdID
snsoubeiq

sisauaboyied
/S2119UaD

9duvjeAald

aseasiq

(panunuod) g ajqey



Page 34 of 43

(2021) 16:326

Leyens et al. Orphanet J Rare Dis

JUSWISA|OAUL
uehIO DIUUISAS
yum Ayjerow

pun|:uebio
pa12aye AJUOWILLIOD
1S0W !sS0| 1ybBram
‘anbiey Uansy se
yons ‘suordwiAs
oydadsun aAey

10 dnewoidwAse
ale syuaned Auew

1966111 9)gIssod
e PaJapISUOD
ale suabnue

pasesloul 'apedsp puod3s Ul paleyul ‘z-INLE 000°001/9°61
‘SYluow ¢ sjeoibojolq ‘syues Y-S ‘IDV  19suo dead ‘pardaye sisoubelp pue sadAigns <« (puejpl)) [1zs-61€]
ulyim buiwy -saiddnsounuiwil ‘syueyoeal aseyd K|219A3s 210w pue  |ed1bojoyiedoisiy 4[*BUEIE) 000'001/€1°8Z (pueay| (p1021eS 5%2909)
IBYIO  -J|9S USLO ‘S|qelIeA 'SPI0J21S0D1110D) 91NDE PRIBAS|T  USO IOW S3[eula pue [eajulD YIM Pa1BPDOSSY  UISYLION) 000'001/91°L | SISOplodJeS
suonesidwo)d sbuipuy eLIDMID sisauaboyied
uonedyisse|d /sisouboid Adesay) fiojeioqe sainjedy [esiul) snsoubeiq /S2119U9D 2dudjenaid aseasiqg

(panunuod) g a1qey



Leyens et al. Orphanet J Rare Dis (2021) 16:326

Abbreviations

AKT: Serine/threonine kinase 1; ANA: Antinuclear antibody; ANCA: Anti-neu-
trophil cytoplasmic antibody; ANKH: ANKH inorganic pyrophosphate transport
regulator; ANTRX2: Anthrax toxin receptor 2; AP: Alkaline phosphatase; BMP:
Bone morphogenetic protein; BUN: Blood urea nitrogen; CAPS: Cryoporin-
associated periodic syndrome; CCL18: CC-chemokine ligand 18; CECR1: Cat
eye syndrome chromosome region; CIAS1: Cold-induced autoinflammatory
syndrome 1; CINCA: Chronic infantile neurological, cutaneous, and articular
syndrome; CMG2: Capillary morphogenesis gene 2; COLTAT: Collagen type 1
alpha 1; CPTII: Carnitine palmitoyltransferase 2; CPPD: Calcium pyrophosphate
dehydrate; DM: Dermatomyositis; DMARD: Disease-modifying anti-rheumatic
drug; DNASE1L3: Deoxyribonuclease 1 like 3; DVT: Deep vein thrombosis;
FBN1: Fibrillin 1; FCGR2A/3A: Fc fragment of IgG receptor 2A/3A; GAG: Glycosa-
minoglycan; GALNS: Galactosamine (N-acetyl)-6-sulfatase; GBA1: Glucocer-
ebrosidase beta; GCSF: Granulocyte colony-stimulating factor; Gl: Gastrointes-
tinal; GNE: Glucosamine (UDP-N-acetyl)-2-epimerase/N-acetylmannosamine
kinase; HDACY: Histone deacetylase 9; HLA: Human leukocyte antigene; HMG-
CoA: 3-Hydroxy-3-methylglutaryl-coenzyme A; HPGD: Hydroxyprostaglandin
dehydrogenase; IDS: Iduronate 2-sulfatase; IL: Interleukin; ILAR: International
League of Associations for Rheumatology; ILD: Interstitial lung disease; ING5:
Inhibitor of growth family member 5; IOMID: Infantile-onset multisystem
inflammatory disease; JIA: Juvenile idiopathic arthritis; KIT: KIT proto-oncogene
receptor tyrosine kinase; MIF: Macrophage migration inhibitory factor; HLA:
Human leukocyte antigene; MAS: Macrophage activation syndrome; MDS:
Myelodysplastic syndrome; MEFV: Mediterranean fever; MIF: Macrophage
migration inhibitory factor; MMP3: Matrix metalloproteinase-3; MPO: Myelop-
eroxidase; MVK: Mevalonate kinase; NF-kB: Nuclear factor kappa-light-chain-
enhancer of activated B-cells; NOD2: Nucleotide binding oligomerization
domain containing 2; NOMID: Neonatal onset multisystem inflammatory
disease; NSAID: Nonsteroidal anti-inflammatory drug; PAH: Pulmonary arterial
hypertension; PFKM: Muscle phosphofructokinase; PGYM: Muscle glycogen
phosphorylase; PIK3CA: Phosphatidylinositol-4,5-bisphosphate 3-kinase
catalytic subunit A; PM: Polymyositis; PPD/PPRD: Progressive pseudorheu-
matoid dysplasia; PSMB8: Proteasome subunit beta 8; PSTPIP1: Proline-
serine-threonine phosphatase interacting protein 1; PTX3: Pentraxine 3; RF:
Rheumatoid factor; RA: Rheumatoid arthritis; SAA: Serum amyloid A; SAPHO:
Synovitis-acne-pustulosis-hyperostosis-osteitis-syndrome; SEDT-PA: Spondy-
loepiphyseal dysplasia tarda with progressive arthropathy; SLE: Systemic lupus
erythematosus; TGFB1: Transforming growth factor; TIMP1: Tissue inhibitor of
metalloproteinase; TNFi: Tumor necrosis factor inhibitor; TNFRSF: Tumor necro-
sis factor receptor superfamily; VEGF: Vascular endothelial growth factor; WBC:
White blood cell; WISP3: WNTT1 inducible signaling pathway protein.
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