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ABSTRACT

Background and Aim: Alagille syndrome (ALGS) is an inherited multi-
system disorder typically manifesting as cholestasis, and potentially leading
to end-stage liver disease and death. The aim of the study was to perform the
first systematic review of the epidemiology, natural history, and burden of
ALGS with a focus on the liver component.

Methods: Electronic databases and proceedings from key congresses were
searched in accordance with Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2009 guidelines. This analysis
included publications reporting epidemiology, natural history, economic
burden or health-related quality of life (HRQoL) outcomes in patients with
ALGS.

Results: Of 525 screened publications, 20 met the inclusion criteria. Liver-
related features included cholestasis (87%—100% of patients), jaundice
(66%—85%), and cirrhosis (44%—-95%). Between 15% and 47% of
patients underwent liver transplantation and 4% to 14% received partial
biliary diversion. Pruritus affected the majority of patients (59%—88%, of
whom up to 45% had severe pruritus) and manifested during the first
10 years of life. Children with ALGS had significantly impaired HRQoL
compared with healthy controls and those with other diseases. Itching was
the symptom that most affected children with ALGS. No study assessed the
economic burden of ALGS.

Conclusions: Our findings consolidate information on the clinical course of
ALGS, and highlight gaps in knowledge, most notably the absence of any
research on the economic consequences of the disease. Further research is
needed to establish the incidence of genetically confirmed ALGS. Disease-
specific tools are also needed to improve the measurement of symptoms,
such as itching, and better understand the impact of ALGS on HRQoL.
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What Is Known

¢ Alagille syndrome is a rare, inherited childhood
disorder typically manifesting as cholestasis, and
potentially leading to end-stage liver disease and
death.

¢ Genetic confirmation is necessary because clinical
presentation and disease severity are highly variable,
with some individuals expressing none of the char-
acteristic features of Alagille syndrome.

What Is New

 Pruritus is particularly burdensome for patients and is
not well managed.

¢ Children with Alagille syndrome have significantly
impaired health-related quality of life compared with
healthy controls and those with other diseases.

* However, assessment of health-related quality of life
and disease symptoms is hampered by the absence of
disease-specific tools.

¢ The incidence of Alagille syndrome needs to be re-
evaluated now that genetic confirmation is readily
available.

* The economic consequences of Alagille syndrome
need to be understood.
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lagille syndrome (ALGS) is a rare autosomal dominant,

multisystem disorder that usually presents in the first
3 months of life (1). Mutations/deletions in 2 genes associated
with the Notch signaling pathways are known to cause ALGS:
JAGGEDI (encoding the Notch signaling pathway ligand
JAGGEDL1) in 89% of ALGS cases; and NOTCH2 (encoding
one of the Notch receptors) in a small minority of ALGS cases
(2,3). In patients with ALGS, disrupted Notch signaling is associ-
ated with the abnormal development of the intrahepatic bile
ducts (4).

Clinical features of ALGS were traditionally described as
bile duct paucity (an increased portal tract-to-bile duct ratio)
associated with chronic cholestasis, cardiovascular abnormalities,
butterfly vertebrae, posterior embryotoxon, renal anomalies, vas-
cular involvement, and characteristic facies (1). Expressivity (phe-
notypic severity) of ALGS is highly variable, ranging from no
apparent clinical involvement to severe disease that requires liver
transplantation. Indeed severe disease may result in death from
vascular accidents, cardiac disease, or liver disease (5). Cholestasis
is a common feature of ALGS and typically manifests as cholestasis
with unremitting pruritus (6). Progressive liver damage can lead to
cirrhosis and end-stage liver disease and may ultimately require
liver transplantation.

Although mutations causing ALGS have now been identi-
fied, diagnostic challenges remain because there are no genotype-
phenotype correlations. Improved understanding of the biology and
natural history of disease is required to design new therapies and
evaluate their efficacy.

Information on the clinical course of this rare disease has
been gained from small studies and analyses of patient records over
many years. Accordingly, it is difficult to gauge the true extent and
consequence of ALGS or which aspects require further research.
We conducted the first systematic review of the literature on the
epidemiology, natural history, clinical course, quality-of-life, and
economic burden of ALGS to bring together this knowledge and
highlight any gaps that may drive future research. Although all the
clinical features were covered in our searches and data are presented
here, the focus of this report is on the liver-related features
of ALGS.

METHODS

Electronic medical databases were searched on 13 May 2015
using the OvidSP search platform:

1. MEDLINE In-Process & Other Non-Indexed Citations and
Ovid MEDLINE 1946—present

2. Embase 1974—present

3. Orphanet.

Supplemental searches were conducted using the proceed-
ings from 11 congresses, which were chosen by the authors as being
most relevant (2012-2015, see Supplementary material, Supple-
mental Digital Content 1, http://links.lww.com/MPG/B321) and
manual searches of bibliographic reference lists of reviews and
meta-analyses. Following author discussion and testing, 2 search
strings were devised using a combination of free-text and Medical
Subject Heading (MeSH) terms to explore: ALGS and epidemiol-
ogy or natural history; and ALGS and quality of life or economic
burden (see supporting information). Dates for publication database
searches ranged from the start of the records to the present, but
were restricted to the last 3 years of conference proceedings. In
addition to the major publication databases, Orphanet, a specialist
database of orphan disease-specific publications, was searched to
ensure comprehensive coverage (see Supplementary Information,

www.jpgn.org

Supplemental Digital Content 1, http://links.lww.com/MPG/B321).
Analysis methods and inclusion criteria were specified in advance
and documented in a protocol.

Identified publications were screened manually based on the
title and abstract in accordance with 2009 Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
Abstracts were screened for inclusion by 2 independent reviewers,
and in case of uncertainty, by a third reviewer (see Supplementary
Methods Tables S1A-C, Supplemental Digital Content 1, http://
links.lww.com/MPG/B321, for eligibility criteria) and data were
manually extracted and categorized as follows: epidemiological,
clinical presentation, natural history, health-related quality of life
(HRQoL), or economic burden of disease (7).

RESULTS

The electronic searches identified 525 publications. The
numbers of publications that were included or excluded are shown
in Supplementary Figures S1 and S2 (Supplemental Digital Content
2 and 3, http://links.lww.com/MPG/B322, http://links.lww.com/
MPG/B323).

Thirteen publications reported the clinical features of ALGS;
5 publications described HRQoL, 2 provided incidence estimates,
and none presented economic data. Studies exploring the epidemi-
ology/clinical features and HRQoL outcomes of ALGS are sum-
marized in Supplementary Results Table S1 (Supplemental Digital
Content 4, http://links.lww.com/MPG/B324).

Of the 2 publications reporting incidence data, the first was a
prospective study published in 1977 before the advent of genetic
testing for ALGS. Of the 790,385 live births in the state of Victoria
in Australia, 11 had clinical characteristics consistent with ‘intra-
hepatic biliary atresia’’ (ALGS); the authors estimated an incidence
of ALGS of approximately 1 in 70,000 live births (8). In 2014, this
estimate was revised to 1 in 30,000 to 50,000 live births owing to
more recent evidence showing that a notable proportion of individ-
uals with the JAGI mutation would not have been diagnosed with
ALGS on the basis of clinical characteristics alone (9). The authors
of this revised estimate, however, do not provide details of how the
new value was calculated.

The clinical presentation of ALGS was assessed in 13 studies
(10-22). The age at presentation ranged from less than 16 weeks to
10 years (18,22) with the majority of patients diagnosed within the
first year of life (12,13,17,21,22). The presenting features included
jaundice (11,12,18), growth retardation or failure to thrive (10—
12,16,18,19,21,22), cholestatic disease (10—14,17—-19,21), cardio-
vascular complications (10-13,16—19,21,22), hepatomegaly
(11,18,22), splenomegaly (18,22), pruritus (10—13,16,18,19,21),
xanthomas (10—13,18,21), abnormal liver function results (10—
12,17,18,21,22), abnormal facies (10-13,16,19,21,22), and renal
disease (10,12—14,16,21,22). The most commonly presented fea-
tures are shown in Table 1.

Six publications reported pruritus to be a symptom of
patients with ALGS (10-13,18,21). Pruritus was reported in at
least 80% of patients in 4 of these 6 publications (10,13,18,21). Of
the remaining 2 publications, 1 reported pruritus as a prominent
symptom in 70% (11) of patients and 1 reported that 45% of patients
were classified as having severe itching; the overall incidence of
pruritus was not stated in these papers and neither used a scale to
measure severity (12).

Pruritus was first evident 6 to 14 months after birth (10,18)
and it developed earlier in children with neonatal jaundice than in
those who were not jaundiced (7 vs 14 months, respectively; P value
was not reported) (18). The 6 publications reporting pruritus
indicated that it affected the majority of patients. Four of these
publications stated that pruritus manifested at some stage during the
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first 10 years of life (10—13,18,21) and that it resolved only in a Z g =
. . . . = £ vV
minority of patients at a.medlan age of 12:5 years (range 47.23 82 o Hg ogy £«
years) (18). For the majority of patients, pruritus, however, persists R s
(10,12,18,23) with varying degrees of severity depending on the 2 -
therapy received and their adherence to treatment (12,18). One _
publication reported pruritus as a prominent symptom in 70% of g ., o %
patients, with an onset of 9 days to 2 years (median 6 months) (11). ,§_§ gy g Hey o =
The presence of bile duct paucity was assessed in 7 pub- g3 & e
lications (10—13,17,21,22) and reported in 75% to 100% (10,17,22) © o
of patients with ALGS. It was reported that the prognosis of liver 9 o~ e~
disease in patients with ALGS is worse in children who present with £ gs v B RS IR) »
neonatal jaundice (18) and, in 2 other publications, a positive E 58 Z2Z 338 pZ
association between bile duct paucity and increased age was stated S & sZ2 8
(12,21). For a summary of the hepatic abnormalities and secondary o
comorbidities reported in ALGS see Table 2. 5 as o -8 o
Nine publications reported information on cholestasis (10— % ‘E’E = E & 25 %aza
13,17-19,21,22). In 3 publications (13,18,21), cholestasis was an g 22 S RE
inclusion criterion and, in a further 6 publications (10— S & - ~ e @
12,17,19,22), patients could be included whether or not they pre- =1, A
sented with cholestasis. EE =& =&k Q
In 1 study comparing cholestasis in patients with ALGS to 8 = .°.§ E%% gg £ E% g )
that in patients with biliary atresia, based on laboratory character- v|B| 58 ) E = a 32
istics at baseline, patients with ALGS had higher bilirubin levels g i = ° 5
and higher pediatric end-stage liver disease scores than age- 5| £ _ < 2}
. . N . c o 53 00 > N -
matched patients with biliary atresia (P < 0.001) (16). >z £ CL . sem o g
Six publications reported the presence of xanthomas (10— oz g af #7Z ZzzZ zZZ I
13,18,21), which affected 30% to 42% (10,12,18,21) of patients, > S - N8 S &
and appeared at a median of 20 to 48 months of age (10,11). In 3 < |7 S
studies, liver transplant was indicated for xanthomas (13,18,21). = ” Sa @@@ @ 3
Three publications reported moderate improvements in xanthomas 2 £ E’ z“ & % f 2 i’ & 8
after patients had reached the age of 10 years (10,12,18), with 1 £ £ da ~ “ S35 S “ s
publication showing that xanthomas had resolved completely at '% - R E
follow-up (median age: 7 years) in patients who had not experi- Q = . = 2
enced neonatal jaundice (18). Xanthomas improved with increasing £ sx| 83 & g© 5
age or following partial external biliary diversion (PEBD) (12), E g 5 59 & = & 23 g g
were associated with severe, prolonged cholestasis and high serum g_ T 8 B @ 23 3
cholesterol and were attenuated by falling serum cholesterol (10). o B g
Notably, the presence of xanthomas was found to result in a worse 8 5.8 azh & aco E
10—year survival rate than absence of xanthomas in patients with a 5 £ § < §§ v L, L i
native liver; numerical results were not, however, reported (18). S Eg § S~ § § § 2 EZ =
Growth impairment, development delay or failure to thrive in g & % a5 v do )
patients with ALGS was reported in 8 publications (10— S _ N _ 2
12,16,18,19,21,22), with a prevalence ranging between 50—87% 2 2l .8 L. L8% .2 &
(10,12). Growth parameters such as birth weight, length, and body- g £ Zn 22 z2&3% Z9§ &
mass index (BMI) are often measured against age-appropriate S © = A = 3
growth charts to check for growth impairment. However, the 3 o - o 8
definition of growth impairment was not defined consistently 2 g 3N = S 28 88 § g
among the studies, which may account for the wide range in the Sl=]2E S 2 8 g3 g S =
reported proportions of patients with growth impairment. One £ % &2 g = B Sa %%
publication found the birth weight of 84% of patients with ALGS é 8 EX
to be appropriate for gestational age (12), but another publication 513| * e =22 s=8 ~c °°
did not (18). In a study that compared features of patients with 5| E g| 22 =27 Z=T 22 ) gofé
and without neonatal jaundice, birth weight was found to be low ol £ = S8 ¥z 89S 83 Z2£ 3
. T . . . . = = Bod BF Femeln O 0 5 =
in 29% of individuals who presented with neonatal jaundice and in R o N® 22 Q¥ & ZEI
5% of children without neonatal jaundice (18). Another study § g ] g _‘;«é z
showed that children with ALGS had greater growth impairment o | T = 88 = 898 2% SR
than patients with biliary atresia in terms of height, weight, and BMI S 2 2 b 2 % _g
z-scores (16). B 5% = £e°2%
Ten publications described cardiovascular abnormalities 2 & = %‘g o Ag a5 = é
(including congenital heart disease, structural intra-cardiac disease S = 2 =5 b Lz =3 = 8*% S8z2%
and cardiac murmur) in patients with ALGS (10-13,16—19,21,22), g ‘E 5= % £S5 a% 5 =s| 8 ‘-i § § f:‘
the most common of which was cardiac murmur, reported in 63% to < wl| 28 E s EE52E 5.2 22881
98% (17,21) of patients. Peripheral pulmonary stenosis was also o S § ﬁg g g Zé § 3z B3 é B %’?%
prevalent, reported in 26% to 73% (11,19,22) of patients. Other = S| E8E 525832523 |PE00%
common cardiac abnormalities included structural intra-cardiac = &1 = S 5
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defects (10,12,16), the most frequent of which were tetralogy of
Fallot, ductus arteriosus, septal defects, coarctation of the aorta
(10,12,21). Four publications (10,12,17,21) reported that 9% to
24% (10,17) of patients required cardiac surgery, including inter-
ventions such as aortopulmonary shunt (21) and ductus arteriosus
ligation (12,21).

Nine publications reported the presence of eye abnormalities
(10-13,17,19-22), the most frequent of which was posterior
embryotoxon, which affected 56% to 95% (11,20) of patients.
Seven publications reported the presence of renal abnormalities
(10,12—14,16,21,22), occurring in 19% to 74% (10,13) of patients
studied for renal involvement. These included glomerular mesan-
giolipidosis (10,12), renal tubular acidosis (12—14), renal anatomic
defects (13,21) and kidney failure (16,18,21). Nine publications
identified the presence of skeletal abnormalities (10—13,16—19,21).
Vertebral anomalies were the most common, which occurred in
24% to 87% (10,19) of patients investigated for skeletal abnormal-
ities. A history of bone fractures was reported in 2% to 14% (16,21)
of patients.

Three publications reported frequencies of PEBD (12,16,24).
In these studies, the proportion of patients who underwent PEBD
ranged from 4% to 14% (12,16). This literature analysis was not
designed to capture studies reporting the outcomes from interven-
tions such as PEBD, but of the studies included in the analysis, 1
study reported no difference in the itching score between patients
who had received PEBD and those who had not (24), whereas
another reported that 3 of 4 patients experienced relief from pruritus
(12).

Seven publications included studies of patients who under-
went liver transplant (12,13,16—19,21). In these studies, 15% to
47% (19,21) of patients had a transplant and the median ages at
which patients underwent surgery ranged from 4 to 6.5 years
(13,21). Frequently reported indications for liver transplant, either
alone or in combination, included refractory pruritus (studies n =4)
(12,16,18,21), disfiguring xanthomas (n=3) (13,18,21), bone frac-
tures (n=3) (13,16,18), signs of end-stage liver disease (n=2)
(16,18), failure to thrive (n=1) (12), osteodystrophy (n=1) (12),
bleeding (12,21), synthetic liver failure or dysfunction (n=3)
(12,13,21), recurrent cholangitis (n=1) (21), malnutrition as a
consequence of severe cholestasis (n=1) (21), and encephalopathy
(n=1) (13). One study reported that 79% (15 of 19) patients who
had received liver transplant survived, with a mean follow-up of 4.2
years (range 0.7—12.3 years) (12). The higher surgical risk in
patients with ALGS was highlighted, showing that, of the patients
who had died following liver transplant, all deaths were due to post-
transplant complications (21) and that most deaths occurred within
the first 30 days (16). The most common complications following
surgery were vascular (20.9%), and biliary tract complications
(15.4%) (16). Renal complications were also common (9.9%)
and children with pre-existing renal insufficiency were less likely
to show improved renal function, suggesting intrinsic renal disease,
which is not reversed by liver transplant (16).

Six publications reported bleeding events in patients with
ALGS (12,13,16—18,21,22). Intracranial bleeding was the most
common type of bleeding episode, occurring in 11% to 14% (12,17)
of patients and included subarachnoid hemorrhage, subdural hema-
toma, epidural hemorrhage, and cerebrovascular accident. In a
study that included only patients who had experienced a bleeding
event, of 38 patients examined, 49 bleeding episodes occurred
during the study period, the majority of which were spontaneous
hemorrhages or resulted from surgery (17).

Ten publications reported information on mortality in
patients with ALGS (10-13,15-19,21), and across these publica-
tions, over a 10- to 40-year follow-up period, mortality was 11% to
35% (13,15,18). The median age of death ranged from 2.3 to 4 years
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(range 2 months to 31 years) (18,21). Non-cardiac vascular com-
plications were a leading cause of death (15). Five studies reporting
the HRQoL of ALGS were identified (23—27); in 1 of these studies,
patients with progressive familial intrahepatic cholestasis (PFIC)
were also included as a mixed population (26). A summary of
studies exploring the HRQoL of ALGS is provided in Table 3.

The HRQoL in children with ALGS has also been compared
with that in children with other disorders. One study compared
scores on the Pediatric Quality of Life Inventory (PedsQL 4.0) in
children with ALGS, alpha-1-antitrypsin deficiency (A1ATD) or
PFIC (26), while another compared scores on the Child Health
Questionnaire Parent Form 50 (CHQ-PF50) in children with ALGS,
attention-deficit/hyperactivity disorder (ADHD) or juvenile rheu-
matoid arthritis (JRA) (24). In children with ALGS, the mean
psychosocial function domain score on the CHQ-PF50 was worse
than in children with JRA (P < 0.0005), but better than in children
with ADHD (P < 0.0005) (24). Conversely, the mean physical score
on the CHQ-PF50 was worse in children with ALGS than in those
with ADHD (P < 0.0005) (24). Children with ALGS had a worse
mean self-reported physical domain score on the PedsQL than
children with AIATD (P=0.0002) or PFIC (P=0.038), and a
worse mean parent-reported physical domain score than children
with A1ATD (P value not reported); psychosocial domain scores
were not reported in the children with PFIC (26). In this study,
children’s growth status was positively associated with Peds QL
HRQoL scores (P =0.008) (26).

Across the HRQoL studies, pruritus affected 59% to 82%
(23,25) of patients. In 1 study, one-third of parents recognized
itching as the aspect of ALGS that most affected their children (25).
Itching was associated with additional symptoms such as skin
damage (23-25), sleep problems (23-25), and mood disturbances
(24,25). In 1 study, patients with ALGS who had undergone PEBD
had numerically reduced HRQoL on the PedsQL 4.0 compared with
healthy peers, and overall HRQoL was significantly and strongly
negatively correlated with pruritus severity (r=0.74; P value not
reported) measured with the Infant Dermatitis Scale (27).

DISCUSSION

This systematic review confirms that ALGS is a devastating,
life-shortening disease of childhood associated multiple morbid-
ities. It, however, also highlights a scarcity of information on the
epidemiology, natural history, and burden of the disease.

The only study to directly estimate the incidence of ALGS
was published in 1977 (8). While this was a large study involving
data from over three-quarters of a million births over 11.5 years, it
was conducted before a molecular genetic diagnosis was possible.
Due to variable expressivity, ALGS phenotypes are inconstant,
meaning ALGS is likely to be underdiagnosed in the absence of
molecular genetic confirmation. ALGS is highly penetrant (94%)
(5), but variable expressivity of symptom type and severity results
in a diverse clinical picture. This clinical diversity and the fact that
bile duct paucity and cholestasis can occur in many other diseases
can result in the under- or misdiagnosis of ALGS; molecular genetic
testing therefore provides valuable confirmation, especially in
milder cases. In many of the older studies reviewed, molecular
genetic diagnosis was not performed and so it is possible that some
of the data were derived from patients with conditions other than
ALGS. Moreover, if JAGI is deleted, this may be caused by a
chromosomal rearrangement or loss of a larger portion of chromo-
some 20p, resulting in additional manifestations not typically
associated with ALGS (28), and this can be missed by standard
mutational analyses. Finally, even contemporary studies lack data
about the results of NOTCH2 mutational analysis because this
testing has not been readily available until recently. This is 1 of
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the key limitations of evidence summarized in this review. Another
key limitation is that, in rare conditions such as ALGS, study sizes
are often small and outcomes data are rare. Given the paucity of
suitable studies, we were unable to conduct meta-analyses on
clinical features, HRQoL or economic burden. The manner in
which studies were reported also complicated data extraction;
publications did not meet recommendations for the reporting stud-
ies (eg, STrengthening the Reporting of OBservational studies in
Epidemiology [STROBE]). In several instances, key information
about a study was not reported (eg, the number of sites or the study
period) or data were described qualitatively rather than quantita-
tively. Furthermore, studies were heterogeneous with respect to the
study populations and the reporting of treatment outcomes and other
variables. Nevertheless, we believe that this review provides a
robust summary of the available evidence and identifies areas
for further research.

This review confirms that ALGS is a complex, multisystem,
developmental disorder that comprises a broad range of clinical
features, most commonly evident in infancy or early childhood.
This is due to the wide-ranging influence of Notch signaling, a
pathway that operates in many tissue cell types, at various devel-
opmental stages and that interacts with other developmentally
important cellular signaling pathways (29). Of particular relevance
to ALGS, Notch signaling regulates the development of intrahepatic
bile ducts, craniofacial structures, the heart, kidney, spine, and
vasculature. Children with ALGS often manifest extrahepatic fea-
tures. These are generally structural, resulting from abnormal
development, although there may be additional functional abnor-
malities of the kidneys (eg, renal tubular acidosis) which, in
addition to the observation that children with ALGS can be insen-
sitive to growth hormone (30), may contribute to the failure to
thrive. When comparing features of patients with or without
neonatal jaundice, birth weight was found to be low only in the
former group (18). It was also found that patients with neonatal
jaundice developed pruritus earlier, were generally worse affected
and so had a correspondingly poorer prognosis than individuals
without jaundice (18).

Paucity of the bile ducts is present in the vast majority of
reported cases (75%—100% (10,17,22)) and appears to be progres-
sive with age. Intrahepatic bile duct paucity is associated with
cholestasis that manifests with jaundice, pruritus and potentially
disfiguring or disabling xanthomas. Secondary complications of
this unremitting cholestasis include fat malabsorption, failure to
thrive, and increased bone fracture risk. Four of the publications
reporting information about clinical manifestations of ALGS
only, however, included patients with hepatic involvement
(10,13,18,21); by definition, hepatic complications are likely to
affect more patients in these studies than in those studies including
patients without overt liver involvement. Thus there is a clear
ascertainment bias in most reported studies of ALGS natural history
and outcomes.

The combined search results confirm that pruritus is a
common symptom and affects 45% to 88% (12,13,21) of children
with ALGS. It is severe in a considerable proportion of patients
(15%—-45% (12,25)) and is associated with skin lesions (23-25),
sleep problems (23—-25), and mood disturbances (24,25). Based on
the studies included in this analysis, treatment of pruritus appears to
be suboptimal and the condition persists in many patients
(10,12,18). The data available on the severity of pruritus in patients
with ALGS are, however, limited, necessitating further study.

HRQoL was lower in patients with ALGS than in healthy
individuals in the 1 study to make this comparison (27). In patients
with ALGS, HRQoL was also reported to be lower than in several
other pediatric disorders (24,26), including JRA. One study showed
that in children with ALGS, HRQoL is closely related to the
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severity of pruritus (27), but this was not corroborated by 2 other
studies where the severity of pruritus was not linked to the degree of
decrement in HRQoL (24,26). This inconsistency in reporting the
relationship between pruritus and HRQoL with the PedsQL, CHQ-
PF50 or Infant Dermatitis Scale implies a lack of questionnaire
sensitivity to detect change in ALGS-related pruritus. This, com-
bined with the relative lack of useful HRQoL data and inability to
derive utility values from the questionnaires used, is a driver for the
development of a disease-specific questionnaire and more research
into the HRQoL decrements associated with ALGS. A recent study
involving patients with ALGS and their caregivers confirmed
itching as the most bothersome ALGS symptom, and the investi-
gators used this information to develop a tool to assess the effect of
pruritus in pediatric cholestasis (31). While validation of this tool is
ongoing, this approach could be used for the development of other
measures for the clinical manifestations of ALGS.

Moreover, there is a clear need for the development of an
instrument to robustly measure the impact of treatments on HRQoL
in patients with ALGS. There are no guidelines recommending an
instrument to monitor HRQoL in response to treatment because
there are no approved or effective treatments. There is also a lack of
data representing the link between abnormalities in organ systems
other than the liver and their impact on HRQoL.

The morbidity and mortality associated with ALGS are
significant, but current therapy and disease management often fail
to adequately control the disorder. Furthermore, the assessment of
clinical outcomes in patients with ALGS is challenging, as common
clinical manifestations such as pruritus often affect the young. The
management of cholestatic liver disease in patients with ALGS
currently focuses on controlling pruritus and supporting nutrition
and fat-soluble vitamin deficiencies by nasogastric feeding or
gastrostomy (32). But symptoms such as pruritus and xanthomas
affect many patients, are particularly burdensome and can be so
severe as to warrant biliary diversion or liver transplant in their own
right. Surgery can, however, confer risk of complications due to
bleeding, which may be increased in patients with ALGS (12). Liver
transplant and the associated lifelong immunosuppression, carries
with it the risk of nephropathy, immune dysregulation or increased
risk of infection-related cancers (33). This highlights the need for
alternatives to liver transplant that can slow or halt progression of
liver disease and ameliorate associated symptoms, such as pruritus
and xanthomas. Patient management may be improved by earlier
diagnosis and recognition that neonatal jaundice is a poor prognos-
tic factor, particularly if novel therapeutics can improve the prog-
nosis (18).

Lastly, this review did not identify any publications reporting
data on ALGS-related costs, resource utilization or overall eco-
nomic burden. While ALGS is a rare disease, it is both severe and
life-threatening, and treatment may involve extended hospitaliza-
tions, surgeries, transplantations and other costly interventions. As
most patients are children and infants, it can impose an associated
economic burden on parents and other informal caregivers. Further
research in this area would therefore be informative.

CONCLUSIONS

This systematic review consolidates the information on the
clinical presentation and natural history of ALGS, which has been
gained from studies often involving small numbers of patients and
with many pre-dating the genetic testing that will allow more
accurate assessment of disease. Improved understanding of the
biology and HRQoL of patients with ALGS, together with
improved assessment instruments may help better inform its man-
agement and the design of future clinical trials. Research into the
economic consequences of ALGS is also needed.
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