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Graphical abstract

Long term follow-up studies of paediatric onset autoimmune liver disease (AILD) are invaluable in helping
better understand the clinical course of disease. 

Three decades of follow-up demonstrates how children presenting with AILD have a significant risk of clinical transformation to PSC.
Biliary progression was associated with the development of inflammatory bowel disease.

B

A

Childhood presentation
1990-2013

Childhood clinical course
Diagnosis through to transition

Adult clinical course
Transition to last follow-up

Medical records Laboratory results Histology reports Imaging reports Endoscopy reports

AILD diagnosis n = 159

LTx in childhood n = 18

LTx in adulthood n = 22

Transitioned n = 158

Adulthood n = 139

Died pre-transition n = 1

Lost to follow up n = 19

Deaths in adulthood n = 9

Transition

Adulthood

1 in 4: PSC

1 in 10: PSC

Childhood

AIH type 1:
63.5%

Other:
24.6%

PSC:
11.9%

AIH type 1:
54.1%

Other:
29.5%

PSC:
16.4%

AIH type 1:
49.7%PSC:

26.4%

Other:
23.9%

0

20

40

60

80

100

Biliary progression
(n = 14/34)

No biliary progression
(n = 13/125)

AI
LD

  p
at

ie
nt

s 
w

ith
 n

ew
 IB

D
 (%

)

New IBD development in patients
with/without biliary progression

Highlights Impact and implications

� Follow-up of paediatric onset AILD into adulthood

is valuable.

� A total of 159 patients with childhood onset AILD
between 1990 and 2013 were reviewed.

� Approximately 20% of patients with childhood
onset AIH-1 developed biliary features by
adulthood.

� Of these, 50% of patients phenotypically transi-
tioned to PSC.

� Approximately 90% of patients with biliary pro-
gression developed ulcerative colitis during follow-
up.
https://doi.org/10.1016/j.jhepr.2023.100901
Childhood onset autoimmune liver disease remains very im-
pactful for patients and families. Disease nomenclature can
however be confusing. Long-term follow up studies as chil-
dren become adults is important to help understand how and
why disease behaves over time. Understanding more about
the long-term course of childhood autoimmune liver disease
will help patients, families and doctors striving to improve
care and reduce poor clinical outcomes. We followed over 150
patients with childhood onset autoimmune liver diseases into
adulthood. We found that amongst patients with classical
autoimmune hepatitis, 1 in 5 developed biliary disease over
time, mostly consisting of primary sclerosing cholangitis. This
was associated with developing inflammatory bowel disease.
Our study design was retrospective and has relevant limita-
tions. Defining phenotypes of autoimmune liver diseases is
difficult and there is insufficient consensus, especially be-
tween adult and childhood physicians. Our data confirms the
critical importance of careful long-term follow-up of patients,
including safe transition to adult care, as well as robustly
demonstrates, using real-world data, how disease nature can
change over time. Our study affirms the need for investment
in prospective cohort studies.
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Background & Aims: Long-term follow-up studies of paediatric onset autoimmune liver disease (AILD) are invaluable in
helping better understand the clinical course of disease. In day-to-day practice clinicians struggle with disease definitions
whilst patients and parents lack clear prognostic information.
Methods: The clinical progression of 159 patients with childhood onset AILD between June 1990 and December 2013 was
reviewed, capturing data up to adulthood (ending May 2021).
Results: Presentation with autoimmune hepatitis (AIH) was dominant (n = 119); biliary presentations accounted for 25%.
During follow up, biliary disease progression confirmed by cholangiography and/or liver histology was observed frequently:
19.8% (20/101) patients with childhood onset AIH type 1 (AIH-1) developed biliary features by adulthood and of these 50%
phenotypically transitioned to primary sclerosing cholangitis (PSC); the remaining transitioned to an overlap disease
phenotype. No patients with AIH type 2 developed biliary progression. Two-thirds of patients with overlap features (14/21) in
childhood had phenotypically progressed to PSC by adulthood. Approximately 43% (6/14) of AIH-1 patients requiring a liver
transplant in adulthood had explant evidence of biliary disease compared with 11% (1/9) in childhood, whereas 35.7% (5/14)
of patients had histology diagnostic of PSC in their explant liver and 7.1% (1/14) had overlap features. All patients with biliary
phenotypes (PSC, autoimmune sclerosing cholangitis, overlap) who required a transplant (n = 18) were found to have explant
histology consistent with PSC. Twelve of 14 patients with biliary progression developed ulcerative colitis during follow-up
with 92% progressing to PSC.
Conclusions: Three decades of follow-up demonstrated how children presenting with AILD had a significant risk of clinical
transformation to PSC. Biliary progression was significantly associated with the development of inflammatory bowel disease.
Impact and implications: Childhood onset autoimmune liver disease remains very impactful for patients and families.
Disease nomenclature can however be confusing. Long-term follow up studies as children become adults is important to help
understand how and why disease behaves over time. Understanding more about the long-term course of childhood auto-
immune liver disease will help patients, families and doctors striving to improve care and reduce poor clinical outcomes. We
followed over 150 patients with childhood onset autoimmune liver diseases into adulthood. We found that amongst patients
with classical autoimmune hepatitis, 1 in 5 developed biliary disease over time, mostly consisting of primary sclerosing
cholangitis. This was associated with developing inflammatory bowel disease. Our study design was retrospective and has
relevant limitations. Defining phenotypes of autoimmune liver diseases is difficult and there is insufficient consensus,
especially between adult and childhood physicians. Our data confirms the critical importance of careful long-term follow-up
of patients, including safe transition to adult care, as well as robustly demonstrates, using real-world data, how disease nature
can change over time. Our study affirms the need for investment in prospective cohort studies.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: Autoimmune hepatitis; Primary sclerosing cholangitis; Inflammatory
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Introduction
Autoimmune liver diseases (AILD) are chronic immune mediated
hepato-biliary disorders that damage hepatocyte and biliary
epithelial cell function.1–3 As a family of rare diseases, they often
present in childhood and are usually lifelong.4,5 The pattern of
presentation differs between children and adults, with primary
biliary cholangitis (PBC) in essence, exclusively defining an adult
disease.6,7 Whilst autoimmune hepatitis (AIH) is the dominant
immune mediated disease in childhood, some children present
with primary sclerosing cholangitis (PSC), and others will have
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features of both hepatocyte and biliary focused injury (“overlap”
or “autoimmune sclerosing cholangitis [ASC])”.7–10 These mixed
hepatitic-biliary phenotypes of overlap syndrome and ASC are
more common in childhood, reportedly affecting 33% of children
with AILD compared with 1.7–10% of adults.11 In the absence of
understanding disease aetiology definitions are driven by
evolving consensus. ASC has been proposed as an overlap syn-
drome of AIH with features of sclerosing cholangitis, which af-
fects males and females equally.2,10,11 There is an association with
inflammatory bowel disease (IBD), impacting 45% of children
classified as having ASC. The majority will be positive for anti-
nuclear antibody (ANA), smooth muscle antibody (SMA), and/or
perinuclear anti-neutrophil cytoplasmic antibodies (pANCA). As
with AIH, raised IgG levels have been reported and interface
hepatitis is the predominant histological lesion. Biliary features
include bile duct damage and proliferation, and cholangitis.
Approximately 25% of children with ASC reportedly have no
histological biliary features and are diagnosed based on chol-
angiography alone.2,11 Overlap syndrome shares these features
described in ASC but historically affects older children/adults.11,12

Ultimately true validated definitions for both conditions do not
exist, and terminology and practice continue to evolve.

AIH has two serologic patterns of presentation; type 1 (AIH-1)
and type 2 (AIH-2), but treatment approaches are consistent, and
are usually effective.13–15 In contrast, treatment options for
autoimmune biliary disease continues to lack the efficacy of AIH
management, and often progressive biliary involvement por-
tends a poorer outcome.16–19 There remains variability in prac-
tice as regards to investigation approaches to children with AILD.
Serology, histology, and imaging over time form the basis of
clinical disease classification in practice, but marked heteroge-
neity exists with respect to interpretation of findings.

Long-term follow-up studies from AILD diagnosis in child-
hood through to established independent adult clinical practice
remain relevant for patient care, treatment considerations, as
well as for improving our understanding of disease.20–22 To
further our understanding, we have approached the problem by
appraising the clinical narrative of management for children
presenting with AILD to a single expert paediatric liver centre in
the UK serving both a local and referral population. With 30
years of follow-up we provide clinical insights, highlighting
biliary progression in AILD for a substantial proportion of chil-
dren, as well as the importance of developing IBD in this
phenotypic transition.

Patients and methods
Study population
This was a retrospectively analysed longitudinal study of all
children aged <18 years of age who were diagnosed with AILD
between 1 June 1990 and 31 December 2013 at The Liver Unit,
Birmingham Women’s & Children’s Hospital, UK. The unit is a
large paediatric liver centre in the UK, serving a combined sec-
ondary and tertiary referral base. The diagnosis and management
of paediatric AILD was based on clinical consensus reached by
multidisciplinary patient review by expert hepatologists, liver
histopathologists and radiologists, and the authors allocated
diagnosis for the study based on the overall clinical narrative.
Assessments of each patient’s liver histology and their clinical,
biochemical, immunological, and radiological findings were
considered. Clinical data was collected on each patient from
JHEP Reports 2024
childhood disease onset through to adulthood, up to and
including 31 May 2021 (Fig. 1A).

The cohort for review was identified from within the clinical
programme by searching prospectively collated diagnostic da-
tabases, for any of the following disease coding classifications:
Autoimmune hepatitis (type 1 or 2), AIH, overlap syndrome, ASC,
PSC, and/or AILD. Patients with other forms of hepatitis (e.g. viral
hepatitis), drug induced liver injury, inherited and metabolic
forms of chronic liver disease (e.g. Wilson’s disease) and/or bile
duct disease secondary to an alternative disease aetiology or
surgery were excluded. The retrospective review was approved
by the Research and Development Departments at Birmingham
Children’s Hospital and at the Queen Elizabeth Hospital, Bir-
mingham, UK, where most of the patients were transitioned to
adult specialist Hepatology care. Re-evaluation of historic im-
aging or pathology was not permitted.
Data collection and study definitions
The definitions of disease for reporting were (i) AIH (types 1 or
2), (ii) PSC, and patients with mixed hepatitic-biliary pathology,
and (iii) overlap syndrome or ASC. The initial diagnosis for each
patient was reached following a multidisciplinary discussion of
their liver biopsy histology and consideration of their clinical,
biochemical, and immunological characteristics including auto-
immune serology and IgG values. As our aim was to describe the
unadjusted clinical course of this cohort from the perspective of
the patient, we elected to keep the two patient groups of ASC
and overlap separate as per the clinical narrative from a detailed
serial chart review.

Data was collected relating to the disease course of patients
between the time of presentation through to adulthood. In-
vestigators (SW, ER, and JR) collected demographic information,
mode of presentation, personal and family history of other
autoimmune diseases, clinical course and outcomes, laboratory
results (including serum liver tests, full blood count, coagulation
profile, immunoglobulins, and autoantibody profile), liver biopsy
with or without explant histology reports, endoscopic, and
radiological findings for patients at the time of their initial dis-
ease onset through to transition and from transition to adult-
hood, where available (Fig. 1A). Development of complications,
treatment course, transplant status, graft survival, disease
recurrence, onset of IBD, and/or other autoimmune conditions
were recorded.

For patients who transitioned to adult Hepatology care at
Queen Elizabeth Hospital, Birmingham, UK, clinical notes, and
investigative results were available for review. This was supple-
mented by written correspondence from the patients’ General
Practitioner regarding their current clinical status. For patients
lost-to-follow up, a last observation carried forward (LOCF)
approach was used to impute their AILD phenotype and IBD
status from transition. Long-term patient clinical outcomes and
native liver survival/events were additionally assessed. As such,
patients where these outcomes had not occurred were censored
at the time of data collection.

Phenotypic biliary progression amongst the cohort was
assessed based on a) cholangiography (magnetic resonance
cholangiopancreatography [MRCP]) findings of biliary disease/
progression and/or b) histological features of biliary ductular
reaction (proliferation) and/or periductal concentric fibrosis
(sclerosing lesions).
2vol. 6 j 100901
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Fig. 1. Study overview. (A) Flowchart showing the method of data collection and (B) Patient follow-up flowchart: from childhood AILD diagnosis through to
adulthood. A detailed review of the patients’ electronic record archived medical notes and investigative results was undertaken. Data was obtained from the
patients’ paediatric presentation through to transition and from transition through to their last follow-up (ending 31 May 2021). A total of 159 patients were
diagnosed with AILD between June 1990 to March 2013; one patient died in childhood and nineteenwere lost to follow up. Data was captured for n = 159 patients
at disease onset, n = 158 at transition, and n = 139 in adulthood. AILD, autoimmune liver disease.
AILD biliary phenotypic progression was defined as a change
from either (i) AIH to disease with biliary features (PSC, ASC,
overlap) or (ii) overlap/ASC progressing to PSC. Patients with
biliary progression were re-assigned into their new phenotypic
AILD subgroup at the timepoint when phenotypic change was
identified.

Statistical methods
Patient demographics and disease-related factors were
compared between groups defined by the AILD phenotypes at
presentation. Continuous variables were reported as means ±
standard deviations (SDs) for normally distributed data and as
medians and the interquartile range (IQR) otherwise, with
comparisons performed using Kruskal–Wallis tests. Ordinal var-
iables were also analysed using Kruskal–Wallis tests, with Chi-
square tests used for nominal variables. Post-hoc tests were
then performed to further interrogate factors that differed
significantly across the phenotypes. Initially, comparisons be-
tween AIH and non-AIH phenotypes (PSC, ASC, overlap) were
conducted. Comparisons between the phenotypes within each of
these subgroups were then performed and Bonferroni adjust-
ment was applied for multivariate correction. Comparisons
across groups included factors recorded at transition and adult-
hood. Analyses of disease complications and long-term outcomes
were assessed using Kaplan–Meier curves, with p-values from
log-rank tests. All analyses were performed using GraphPad
Prism 9 (GraphPad Software Inc), with p <0.05 deemed to be
indicative of statistical significance throughout.
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Results
Patient demographics and baseline characteristics
Data was collected for 159 patients at disease onset (paediatric
presentation). Information on clinical outcomes and investiga-
tional results were collected firstly through to transition. The
median follow-up to transition was 5 years from diagnosis (IQR
3.3–7.3 years). Secondly, data was collected from their first adult
Hepatology clinic visit through to their current clinical status (up
to 31 May 2021) with a median follow up of 16.7 years from
diagnosis (IQR 12.6–21.6 years) (Fig. 1B). Across the cohort, the
median age at presentation was 12.8 years (IQR 10.4–14.2 years);
44% patients were male and 87% were of Caucasian background.
At the onset of disease, the most prevalent phenotype was AIH-1
(63.5%, n = 101). The remainder of the cohort consisted of pa-
tients with AIH-2 (11.3%; n = 18), PSC (11.9%; n = 19), overlap
syndrome (7.6%; n = 12), and ASC (5.7%; n = 9) (Table 1 and
Fig. 2).

Although the age at presentation was similar in AIH and non-
AIH (biliary) patients overall (median: 12.8 vs. 12.9 years, p =
0.668), subgroup analysiswithin AIH found patientswith AIH-1 to
present significantly later thanAIH-2 (median13.0 vs.8.8 years,p=
0.001), and a notable difference was also identified between PSC
and ASC patients (13.1 vs. 10.2 years, p = 0.024) (Tables S1, and
S2A,B). The duration of follow-up from disease onset through to
transitiondifferedbyphenotype, being longest in theAIH-2cohort
on account of a younger age at presentation (p <0.0001) (Table 2).
At the end of the study, the median age patient of all patients was
27.9 years (IQR 24.8–33.6 years) (Table 3).
3vol. 6 j 100901



Table 1. Patient demographics at presentation.

Autoimmune hepatitis Autoimmune biliary phenotypes

AIH-1 AIH-2 PSC Overlap ASC

Patients, n 101 18 19 12 9

Age, years 13.0 (11.0–14.4) 8.8 (2.9–11.8) 13.1 (12.6–15.2) 12.8 (11.1–13.4) 10.2 (6.7–12.6)
Sex, %, male 37% (37/101) 33% (6/18) 74% (14/19) 75% (9/12) 33% (3/9)
Ethnicity

White 87% (88/101) 83% (15/18) 84% (16/19) 92% (11/12) 100% (9/9)
Asian 10% (10/101) 6% (1/18) 11% (2/19) 8% (1/12) 0% (0/9)
Black 3% (3/101) 11% (2/18) 5% (1/19) 0% (0/12) 0% (0/9)

Laboratory values
Total bilirubin, lmol/L 53 (26–93) 93 (22–216) 8 (6–12) 21 (11–55) 12 (7–22)
ALP, IU/L 681 (449-1036) 546 (38 –807) 753 (503–1130) 754 (463–1169) 841 (775-1081)
GGT, IU/L 107 (51–159) 87 (35–134) 175 (99–324) 245 (147–346) 258 (130–357)
ALT, IU/L 484 (145–819) 503 (171–968) 95 (56–130) 125 (68–419) 106 (54–216)
AST, IU/L 594 (154-1140) 465 (215–1018) 59 (44–109) 202 (127–395) 89 (82–186)
Albumin, g/L 34.7 ± 5.9 34.0 ± 6.8 40.7 ± 4.2 36.1 ± 7.2 39.8 ± 5.1
PT, sec 15 (12–17) 16 (13–33) 11 (11–12) 12 (11–13) 12 (12–14)
Platelets, × 109/L 187 (124–281) 183 (80–226) 354 (303–440) 350 (175-437) 368 (233–436)
IgG, g/L 29.0 (20.9–39.0) 17.8 (13.6–20.5) 15.6 (13.7–19.2) 25.6 (17.8–28.8) 18.9 (15.9–29.5)

Autoantibodies
ANA 69% (65/94) 50% (10/18) 39% (7/19) 89% (8/9) 22% (2/9)
LKM 0% (0/94) 100% (18/18) 0% (0/19) 0% (0/9) 0% (0/9)
SMA 67% (62/93) 0% (0/18) 39% (7/19) 44% (4/9) 56% (5/9)
ANCA 54% (15/28) 0% (0/3) 69% (9/13) 100% (3/3) 80% (4/5)

Disease severity
PELD* 4.1 (0.3–7.1) 7.1 (0–27.1) 0 (0–0) 0 (0–0) 0 (0–0)
MELD† 13 (8.5–17) 13 (13–13) 7 (7–8) 9.5 (8.8–11.8) 9 (8.5–9.5)
AIH score 7 (6–7) 7 (6–7) — 7 (7-7) 5.5 (4.5-6)
PHT 23% (24/101) 28% (5/18) 11% (2/19) 33% (4/12) 22% (2/9)
Decompensated 25% (25/101) 22% (4/18) 5% (1/19) 8% (1/12) 11% (1/9)
Growth failure 13% (13/101) 22% (4/18) 11% (2/19) 17% (2/12) 22% (2/9)

IBD
Total 4% (4/101) 0% (0/18) 53% (10/19) 25% (3/12) 44% (4/9)
Ulcerative colitis 3% (3/101) 0% (0/18) 37% (7/19) 17% (2/12) 44% (4/9)
Crohn’s disease 1% (1/101) 0% (0/18) 16% (3/19) 8% (1/12) 0% (0/9)
Indeterminate 0% (0/101) 0% (0/18) 0% (0/19) 0% (0/12) 0% (0/9)

AIH-1, autoimmune hepatitis; ALP, alkaline phosphatase; ALT, alanine transaminase; ANA, antinuclear antibody; ANCA, antineutrophil cytoplasmic antibodies; AST, aspartate
transaminase; GGT, gamma-glutamyltransferase; LKM, liver-kidney microsome; MELD, model for end-stage liver disease; PELD, paediatric end-Stage liver disease; PHT: portal
hypertension; PT, prothrombin time; SMA, smooth muscle antibody.
Data for continuous variables are reported as mean ± SD or median (interquartile range), as applicable. Categorical variables are reported as percentage (%) (n/N).
* PELD, a disease severity scoring system for children <12 years of age.
† MELD, a predictor of survival in patients >−12 years of age with cirrhosis. AIH score: simplified AIH score. Ethnicity as per https://www.ethnicity-facts-Fig.s.service.gov.uk/
style-guide/ethnic-groups.
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Patients presenting with non-AIH phenotypes were signifi-
cantly more likely to be male (67% vs. 36%, p = 0.001); have IBD
(36% vs. 3.5% p <0.0001); and be asymptomatic (e.g. incidental
abnormal liver chemistry, 64% vs. 30%, p <0.001), compared with
patients with AIH (Table S1). The latter was most marked in the
PSC subgroup, with 89% of patients being asymptomatic at the
time of diagnosis (Table S2A). Subgroup analysis found none of
these factors differed significantly between patients with AIH-1
vs. AIH-2 (Table S2B).

Clinical outcomes for patients with autoimmune hepatitis
Liver disease progression and the development of complications
amongst the AIH cohorts are presented in Tables 2 and 3. Pa-
tients with new onset or worsening cholestasis underwent dis-
ease reassessment by way of MRCP and/or liver biopsy
evaluation. Over the time-course of the study, 19.8% (20/101)
patients with childhood onset AIH-1 developed biliary features
by adulthood and of these, 50% (10/20) phenotypically transi-
tioned to PSC and the remaining 10 transitioned to an overlap
disease phenotype. Fourteen of the 20 AIH-1 patients with
JHEP Reports 2024
biliary progression had both MRCP and histology features of
biliary progression, with eight to overlap, two to ASC, and four to
PSC. By adulthood, three of the AIH-1-overlaps progressed to
PSC, and both AIH-1-ASC patients progressed to PSC.

Two of the remaining AIH-1 patients with biliary progression
were diagnosed on MRCP alone, one patient had small duct
disease, and three had biliary progression noted on repeated
clinical correspondence but with an absence of access to the
primary source observations.

The biochemistry findings for AIH-1 patients with biliary
progression demonstrated significantly higher gamma-glutamyl
transferase (GGT) values at diagnosis and transition when
compared with AIH-1 children without biliary progression (p
<0.001) (Fig. 3).

Similar rates of portal hypertension (PHT) and liver decom-
pensation were observed amongst both AIH subgroups with a
greater proportion of AIH-2 patients developing PHT. Notably no
patients with AIH-2 developed IBD.

There were seven deaths amongst patients with AIH-1 (69%,
7/101). Six were due to liver disease related complications with
4vol. 6 j 100901
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Fig. 2. AILD cohort distribution over time. (A) Horizontal bar chart showing phenotypic progression of our AILD cohort subgroups at diagnosis, transition and in
adulthood. The last observation carried forward (LOCF) approach was used to impute AILD phenotype; this was applied to account for attrition bias. The
prevalence of AIH-1 decreases over time whist the opposite trend is observed in PSC; (B) Pie charts showing the change in prevalence of AIH-1 and PSC in our
cohort over time. The rate of PSC rises from one in 10 patients at diagnosis to one in four in adulthood by the end of the study period in May 2021). ‘Others’
include overlap, ASC, and AIH-2 patients. AIH-1, autoimmune hepatitis type 1; AIH-2, autoimmune hepatitis type 2; AILD, autoimmune liver disease; ASC,
autoimmune sclerosing cholangitis; LOCF, last observation carried forward; PSC, primary sclerosing cholangitis.
hepatobiliary malignancy accounting for one patient. One AIH-1
patient died 9 months after their AILD diagnosis from an unre-
lated cause.

Unlike AIH-1, none of the autoimmune hepatitis type 2 pa-
tients (N = 18) developed evidence of biliary disease. Other
distinct clinical differences were observed in the AIH-2 sub-
group; aggressive clinical phenotype and a younger age at pre-
sentation, median 8.8 years (range 2.9–11.8 years), higher rates
of acute severe hepatitis and/or liver failure (10/18), and trans-
plantation. Disease recurrence and the need for regrafting were
JHEP Reports 2024
also higher compared with AIH-1 (Tables 2 and 3). There were
two AIH-2 deaths (11.1%, 2/18), with 1 resulting from decom-
pensated end-stage liver disease (ESLD).

Clinical outcomes in patients with autoimmune biliary disease
phenotypes
At the outset, 13.2% (21/159) of the overall AILD cohort had
mixed hepatitic and biliary phenotypes. Of these, 12 were clas-
sified as overlap and nine were ASC. There was a difference
observed in the timeline of diagnostic terminology of these
5vol. 6 j 100901



Table 2. Disease course in childhood (up to transition).

Autoimmune hepatitis Autoimmune biliary phenotypes

AIH-1 AIH-2 PSC Overlap ASC

Patients, n 86 18 26 21 8

Age at transition, years 17.8 (17.2–8.4) 17.4 (16.7–18) 17.3 (16.3–18) 18.6 (18–19.3) 17.9 (17–19.5)
Sex, % male 34% (29/85) 33% (6/18) 73% (19/26) 57% (12/21) 38% (3/8)
Length of follow up, years 4.7 (3.3–6) 8.9 (6.3–12) 3.4 (2.6–4.8) 6.9 (5.7–11.6) 6.2 (4.3–11.6)
Disease severity

MELD score 8 (7–10) 8 (7–9.8) 7.5 (7–8) 8 (7–10.5) 8 (7–10.5)
PHT 33% (28/86) 33% (6/18) 12% (3/26) 48% (10/21) 50% (4/8)
Ascites 13% (11/86) 11% (2/18) 0% (0/26) 5% (1/21) 13% (1/8)
Decompensated 12% (10/86) 17% (3/18) 12% (3/26) 5% (1/21) 25% (2/8)

Clinical cholangitis 2% (2/86) 0% (0/18) 4% (1/26) 0% (0/21) 13% (1/8)
IBD 2% (2/86) 0% (0/18) 54% (14/26) 33% (7/21) 38% (3/8)

Ulcerative colitis 1% (1/86) 0% (0/18) 38% (10/26) 29% (6/21) 38% (3/8)
Crohn’s disease 1% (1/86) 0% (0/18) 15% (4/26) 5% (1/21) 0% (0/8)
Indeterminate colitis 0% (0/86) 0% (0/18) 0% (0/26) 0% (0/21) 0% (0/8)

Liver transplantation 9% (8/86) 28% (5/18) 12% (3/26) 5% (1/21) 13% (1/8)
Disease recurrence 38% (3/8) 80% (4/5) 33% (1/3) 0% (0/1) 0% (0/1)
Re-transplantation 13% (1/8) 40% (2/5) 33% (1/3) 0% (0/1) 0% (0/1)

Deaths 1% (1/86) 0% (0/18) 0% (0/26) 0% (0/21) 0% (0/8)

Data for continuous variables are reported as mean ± SD or median (interquartile range), as applicable. Categorical variables are reported as % (n/N). AIH-1, autoimmune
hepatitis type 1; AIH-2, autoimmune hepatitis type 2; ASC, autoimmune sclerosing cholangitis; IBD, inflammatory bowel disease; MELD, model for end-stage liver disease;
PHT, portal hypertension; PSC, primary sclerosing cholangitis.
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subgroups which may reflect a change in practice over time; ASC
patients were largely classified at an earlier timeline of
1992–1994 with a few recorded between 2008-2010. The overlap
classification was used from 2002 onwards.

Two-thirds of these patients experienced phenotypic pro-
gression to PSC by adulthood: overlap (8/12) and ASC (6/9). Of
the eight overlap patients, five had both MRCP and liver histol-
ogy evidence of biliary progression to PSC, and two had small
duct disease confirmation of PSC. One overlap patient was
diagnosed with PSC progression by magnetic resonance imaging
alone. Of the six ASC patients who progressed to PSC, five had
MRCP and histological biliary progression and one was diag-
nosed by classical features on MRCP.
Table 3. Disease course in adulthood.

Autoimmune hepatitis

AIH-1

Patients, n 65

Current age, years 27.8 (25.3–34.2) 27.6
Sex, % male 38% (23/64)
Length of follow-up, years 15.3 (12.8–21.5) 21.9
Disease severity

MELD score 8 (6-10)
PHT 25% (16/65)
Ascites 13% (8/65)
Decompensated 14% (9/65)

Clinical cholangitis 3% (2/65)
IBD 9% (6/65)

Ulcerative colitis 8% (5/65)
Crohn’s disease 2% (1/65)
Indeterminate colitis 0% (0/65)

LT overall 25% (16/65)
LT in adulthood 12% (8/65)
Disease recurrence overall 19% (3/16)
Re-LT overall 19% (3/16)

Deaths 9% (6/64)

Data for continuous variables are reported as mean ± SD or median (interquartile rang
AIH-1, autoimmune hepatitis type 1; AIH-2, autoimmune hepatitis type 2; IBD, inflamma
portal hypertension; PSC, primary sclerosing cholangitis.
*Six patients have had disease resolution (symptom free and off medications). Ninetee
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One overlap patient (1/12) developed dominant hepatitic
features on histology and was reclassified as AIH-1. An ASC pa-
tient also had a rise in hepatitic activity and a quiescence of their
biliary disease and was reclassified as AIH-1.

On review of laboratory results, GGT values at diagnosis from
children with ASC/overlap who would progress to classic PSC
were found to be significantly higher than those of overlap/ASC
patients without biliary progression (p = 0.0017) (Fig. 3). No
other laboratory or clinical features differed.

Patients diagnosed with PSC at disease onset primarily
retained their original phenotype (94.7%; 18/19); one patient
(5.3%; 1/19) was reclassified as overlap by adulthood given
increasing hepatitic activity. Overall, 15% (24/159) patients had
Autoimmune biliary phenotypes

AIH-2 PSC Overlap

14 42 13

(23.0–31.0) 27.6 (24.7–31.4) 25.8 (23.6–32.9)
21% (3/14) 67% (28/42) 46% (6/13)
(18.0–24.3) 15.4 (12.2–20.3) 15.5 (9.9–24.7)

8 (8-9) 7 (6-8.5) 7.5 (6-9.5)
36% (5/14) 31% (13/42) 15% (2/13)
14% (2/14) 10% (4/42) 8% (1/13)
21% (3/14) 26% (11/42) 8% (1/13)
0% (0/14) 31% (13/42) 0% (0/13)
0% (0/14) 81% (34/42) 38% (5/13)
0% (0/14) 69% (29/42) 15% (2/13)
0% (0/14) 12% (5/42) 8% (1/13)
0% (0/14) 0% (0/42) 15% (2/13)

43% (6/14) 38% (16/42) 15% (2/13)
7% (1/14) 28% (12/42) 8% (1/13)
83% (5/6) 31% (5/16) 0% (0/2)
67% (4/6) 25% (4/16) 0% (0/2)
21% (3/14) 0% (0/42) 8% (1/13)

e), as applicable. Categorical variables are reported as % (n/N).
tory bowel disease; LT, liver transplant; MELD, model for end-stage liver disease; PHT,

n patients are lost to follow up.
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Fig. 3. GGT values and biliary disease progression. (A) Higher values of GGT in AIH-1 patients with biliary progression at diagnosis and at transition were found
to be statistically significant compared with AIH-1 patients without progression; (B) Higher values of GGT in overlap/ASC patients with biliary progression at
diagnosis were found to be statistically significant compared with overlap/ASC patients without progression. AIH-1, autoimmune hepatitis type 1; ASC, auto-
immune sclerosing cholangitis; GGT, gamma-glutamyltransferase; HPS, hepatopulmonary syndrome.
phenotypically progressed to PSC by adulthood: 10 were origi-
nally AIH-1 (9.9%, 10/101), eight were overlap (66.7%; 8/12), and
six were ASC (66.7%; 6/9) patients as described above.

In terms of disease related complications, episodes of chol-
angitis were much higher in patients with PSC compared with
the other cohorts in adulthood (p <0.0001) (Table 3); 31% (13/42)
PSC patients experienced cholangitis. Of these, 10 were patients
with biliary progression to PSC; three were overlaps, four ASC,
and three were AIH-1. Similar rates of PHT and decompensated
liver disease were observed amongst the biliary phenotypes. One
overlap patient died from decompensated cirrhosis and sepsis.
There were no deaths amongst the PSC and ASC patients.

Approximately 3.8% (6/159) of patients in our AILD cohort had
apparent disease resolution by adulthood; all were currently
clinically well with normal liver chemistry and were off long-
term immunosuppression at the last follow up. All six patients
had mild disease and benign clinical courses: AIH-1 (n = 4), ASC
(n = 1), and AIH-2 (n = 1).

Liver explant evaluation and biliary pathology
Over the course of the study, a total of 40 patients received a liver
transplant (LT): 18 in childhood and 22 in adulthood (Fig. 4). The
highest LT rate in childhood was observed in patients with AIH-2
and of the five patients (28%, 5/18) needing a LT, three were a
result of acute liver failure (ALF) at initial presentation and one
LT occurred within 2 years of diagnosis for acute on chronic liver
failure. LT rates for the other subgroups were more gradual,
spanning across the three decades of the study period (Fig. S1).

Patients with PSC had the highest LT rate overall, with 38%
(16/42) progressing to LT, of which, 75% (12/16) occurred in
adulthood. Four (20%, 4/20) of the PSC LT cohort were patients
with biliary progression: three were originally overlap, and one
was ASC at diagnosis (Tables 2 and 3).

Biliary diseasewas identified in the liver explants of AIH-1 and
overlap/ASCpatients. In 11% (1/9) of AIH-1patientswho requireda
LT in childhood, therewas explant evidence of biliary disease. This
rose to 43% (6/14) of AIH-1 patients in adulthood: 35.7% (5/14) had
histology diagnostic of PSC in their explant liver and 7.1% (1/14)
JHEP Reports 2024
had overlap features. All patients with biliary phenotypes (PSC,
ASC or overlap) who required LT in the duration of the study, had
explant histology diagnostic of PSC. No AIH-2 patients were found
to have biliary disease on explant histology.

Impact of IBD on liver disease clinical phenotype
Rates of IBD at presentation differed significantly between AIH
and non-AIH phenotypes (p <0.0001): 53% (10/19) PSC patients,
25% (3/12) overlap, and 44% (4/9) ASC compared with 4% (4/101)
in AIH-1 patients and none in those with AIH-2. Ulcerative colitis
(UC) accounted for 76% of all IBD cases at liver disease onset (16/
21), with Crohn’s disease making up the remaining cases (24%; 5/
21) (Table 1). Similar rates of IBD were observed by transition:
54% (14/26) PSC, 33% (7/21) overlap. and 38% (3/8) ASC patients
had IBD compared with 2.5% (2/86) of AIH-1 patients. UC was the
dominant phenotype (20/26) (Table 2).

By adulthood, there was a rise in the number of PSC patients
with IBD, affecting 81% (34/42) of PSC patients compared with
38% (5/13) with overlap and 9% (6/65) of AIH-1 patients (p
<0.0001) (Table 3). No AIH-2 patients developed IBD throughout
the study. UC accounted for 80% of overall IBD cases (36/45) by
adulthood (Fig. 5).

On review of the 34/159 patients with biliary disease pro-
gression, six had IBD at diagnosis and 14 developed IBD on
follow-up (five by transition and nine in adulthood). Of the six
patients with IBD at AILD diagnosis, all progressed to PSC except
for one patient: 3/6 were ASC patients, all with UC, 2/6 were
overlap patients with UC, and the last was an UC patient with
AIH-1. This AIH-1 patient was reclassified as overlap syndrome
by transition.

Of the 14 patients with biliary progression and new IBD
development during follow-up, all also progressed to PSC except
for one patient: 57% (8) were AIH-1 patients, 29% (4) overlap and
14% (2) had ASC. UC was the predominant IBD subtype in pa-
tients with biliary progression, accounting for 86% (12/14).

Approximately 78.6% (125/159) of AILD patients did not have
biliary progression. Of these 15 had IBD at diagnosis and 13
developed IBD over follow-up (Fig. 5). UC accounted for 70–80%
7vol. 6 j 100901
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of cases. Approximately 66.7% (10/15) of patients with IBD had
PSC at AILD diagnosis, whereas 46% (6/13) of those developing
IBD subsequently also had PSC at diagnosis.
Discussion
Children presenting with AILD often face lifelong impactful dis-
ease with prognostic uncertainty. Managing patients requires
careful attention to the risks and benefits of treatments in a
longitudinal manner, and recognition that the clinical phenotype
at presentation may change over time. Our objective was to
examine the clinical course and pattern of AILD from childhood
through to adulthood. We describe the clinical course of a large
patient cohort, followed for 30 years, which mirrored the lived
experience of patients and the decision-making and coding
practises of their treating clinicians. Whilst acknowledging the
methodologic limitations of this retrospective narrative
approach, we nonetheless reviewed 159 patients, which given
the nature of paediatric hepatology service provision in the UK is
a substantial cohort. One in five AIH-1 patients developed biliary
disease, with half of patients progressing to an overlap syndrome
JHEP Reports 2024
and the other half to PSC. A gradual evolution from a mixed
picture of overlap/ASC to PSC was observed in the latter. In
addition, two-thirds of overlap and ASC patients phenotypically
progressed to PSC by adulthood. In contrast, virtually all PSC
patients retained their original diagnosis. No patients with AIH-2
experienced biliary transition clearly suggesting a biological
distinction from AIH-1. The development of IBD was a key factor
associated with biliary progression. For most patients’ clinical
outcomes were good.

The dominant progression towards PSC was reflected in the
native liver explant histology of AIH-1, with overlap and ASC
patients requiring transplant. Almost half of native liver explants
from AIH-1 patients presented biliary pathology in adulthood,
and of these, the majority were of PSC. This finding was much
lower in childhood, supporting the observation of a slowly
evolving biliary pattern in this subgroup. Of the overlap and ASC
patients who were transplanted (in childhood or adulthood), all
had PSC confirmed in their explants. Our study additionally
highlights the significance of IBD development in patients with
AILD biliary progression who were four times more likely to
develop new-onset IBD compared with those without biliary
8vol. 6 j 100901
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progression. In patients with new-onset IBD, all but one had
phenotypic progression to PSC. Furthermore, half of these were
originally AIH-1 patients. UC accounted for nine of 10 new-onset
IBD in patients with biliary progression. In patients who already
presented IBD at AILD diagnosis, two-thirds also had with PSC,
and in those who evolved to biliary progression, more than
three-quarters were to PSC.

As well as new-onset IBD, patients with biliary progression of
their AILD in our cohort were noted qualitatively to have had
biliary ductular reaction identified in their diagnostic liver bi-
opsies in childhood. This included AIH-1 patients in addition to
those with ASC and overlap. Thus, although biliary ductular re-
action is an expected histological finding in ASC and overlap, its
presence in AIH-1, however minor, should alert physicians of the
possibility of biliary disease progression and be considered as a
prognostic indicator.22–24

Thebiliary cohort (PSC, overlap, or ASC) in our studyweremore
likely tobe (i)male; (ii) asymptomatic; and (iii) have IBD at disease
onset,which is consistentwith thediseasephenotypedescribed in
the literature.2,25 Importantly, none of the AIH-2 patients had
biliary progression nor did they develop IBD in the duration of our
study. There were well-defined expected differences in the AIH-2
cohort compared with the other AILD subgroups: younger age at
presentation, aggressive clinical phenotype, higher rates of acute
liver failure, and LT.15,26 Disease recurrence and the need for re-
grafting also surpassed other AILD phenotypes.

No statistical significance was identified in the development
of complications (PHT, ascites, decompensation) amongst the
AILD subgroups. PSC patients were observed to have higher rates
of PHT and cirrhotic decompensation in adulthood compared
with childhood.24,27 This difference may be attributed to the later
age of PSC onset in older children and hence a shorter duration in
paediatric care. Patients with PSC were more likely to experience
cholangitis in adulthood on account of the severity of stricture
JHEP Reports 2024
formation. Small duct disease is more common in childhood
onset PSC in which there is histological evidence of biliary dis-
ease in the presence of a normal cholangiogram (e.g.MRCP).4,10,24

The higher incidence of cholangitis observed in adulthood in our
cohort reflects this natural disease progression and large bile
duct involvement.

Transplantation was highest amongst the AIH-2 and PSC pa-
tient subgroups, with the majority occurring in childhood in the
former and adulthood in the latter. The most common indication
for LT was ESLD. Patient survival rates were similar to those pub-
lished in the literature.27,28 Therewerenopatientdeaths in thePSC
subgroup despite the high cumulative rate of LT. Progression to
transplantation was related to the length of time from AILD
diagnosis on account of development of complications; a recent
study highlighted an accelerated risk in patients with PHT, 68% of
which consistedof PSCpatientswithUC,29 afinding comparable to
our cohort. Liver-related deaths were mostly from complications
of decompensated cirrhosis and sepsis.

Overall, fewer than 5% of AILD patients presenting in child-
hood had disease resolution, largely from the AIH-1 subgroup.
This was lower than the reported 10–40% of AIH-1 patients who
stay in remission upon treatment withdrawal.30–32 All patients
with disease resolution had mild disease at presentation and a
benign clinical course through to adulthood.

In choosing an observation approach to this study, inevitably
bias amongst the treating clinical teams was a possibility, and
earlier diagnosis of biliary disease might have been missed.
However, the goal of this study was not to ascertain new ways to
define disease or apply definitions that cannot be generalised
across clinical programmes, but rather to describe what tran-
spired for patients from the clinical observations made during
their follow-up. Whilst there is value to a dedicated review of
imaging and pathology (something particularly relevant to
future prospective research), this was not possible given the
9vol. 6 j 100901
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extended time course of our study, nor was it the primary pur-
pose or permitted by the Institutional ethics approval. Our lost-
to-follow up rate is low, and although a tertiary programme
will inevitably have a referral bias, the childhood liver disease
programme described herein equally provides a comprehensive
secondary care service to a very large, representative, and
diverse UK conurbation. Finally, the response to treatment and
clinical outcomes cannot be addressed in a qualitative retro-
spective evaluation such as this study. Table S3 provides an
overview of treatment approaches, but dedicated analysis of
approaches to care with the greatest patient impact will require
prospective research protocols, given the variability in how (and
why) clinicians adjust treatments, and hence the risk of retros
pective analysis may provide misleading insights. For example,
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why treatment is changed varies (response, adherence, side ef-
fects), and treatment choices may include decisions based on
extra-hepatic disease (e.g. IBD, systemic lupus erythematosus,
etc.)

In conclusion, we report a robust, as-observed, follow-up
series of children who presented with AILD. We found that two-
thirds of childrenwith overlap/ASC, and one in five children with
AIH-1, ultimately phenotypically progressed to PSC. Such pa-
tients were four times more likely to develop new-onset IBD
than those without biliary progression. Clinical findings and
outcomes from this longitudinal follow-up of patients over a 30-
year period, offers important insights for patients, families, and
treating physicians. Future multicentre prospective research re-
mains important to pursue.
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