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Abstract
BACKGROUND 
Survival in patients with autoimmune liver disease overlap syndromes (AILDOS) 
compared to those with single autoimmune liver disease is unclear.

AIM 
To investigate the survival of patients with AILDOS and assess the accuracy of 
non-invasive serum models for predicting liver-related death.

METHODS 
Patients with AILDOS were defined as either autoimmune hepatitis and primary 
biliary cholangitis overlap (AIH-PBC) or autoimmune hepatitis and primary 
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sclerosing cholangitis overlap (AIH-PSC) and were identified from three tertiary centres for this cohort study. 
Liver-related death or transplantation (liver-related mortality) was determined using a population-based data 
linkage system. Prognostic scores for liver-related death were compared for accuracy [including liver outcome 
score (LOS), Hepascore, Mayo Score, model for end-stage liver disease (MELD) score and MELD incorporated with 
serum sodium (MELD-Na) score].

RESULTS 
Twenty-two AILDOS patients were followed for a median of 3.1 years (range, 0.35-7.7). Fourteen were female, the 
median age was 46.7 years (range, 17.8 to 82.1) and median Hepascore was 1 (range, 0.07-1). At five years post 
enrolment, 57% of patients remained free from liver-related mortality (74% AIH-PBC, 27% AIH-PSC). There was no 
significant difference in survival between AIH-PBC and AIH-PSC. LOS was a significant predictor of liver-related 
mortality (P < 0.05) in patients with AIH-PBC (n = 14) but not AIH-PSC (n = 8). A LOS cut-point of 6 discriminated 
liver-related mortality in AIH-PBC patients (P = 0.012, log-rank test, 100% sensitivity, 77.8% specificity) (Harrell's 
C-statistic 0.867). The MELD score, MELD-Na score and Mayo Score were not predictive of liver-related mortality 
in any group.

CONCLUSION 
Survival in the rare, AILDOS is unclear. The current study supports the LOS as a predictor of liver-related mor-
tality in AIH-PBC patients. Further trials investigating predictors of survival in AILDOS are required.

Key Words: Autoimmune liver disease overlap syndromes; Liver outcome score; Liver-related death; Hepascore; Autoimmune 
hepatitis; Primary biliary cholangitis; Primary sclerosing cholangitis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The rare, autoimmune liver disease overlap syndromes (AILDOS), currently have no predictors of survival. 
AILDOS can be further classified into Autoimmune Hepatitis and Primary Biliary Cholangitis Overlap (AIH-PBC) and 
Autoimmune Hepatitis and Primary Sclerosing Cholangitis Overlap. Liver-related mortality was defined as liver-related 
death or liver transplantation. This study validates the liver outcome score as a predictive model of liver-mortality in AIH-
PBC patients. The model for end-stage liver disease (MELD) score, MELD incorporated with serum sodium score and Mayo 
score were not predictive of liver-related mortality in any group.

Citation: Jayabalan D, Huang Y, Calzadilla-Bertot L, Janjua M, de Boer B, Joseph J, Cheng W, Hazeldine S, Smith BW, MacQuillan 
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INTRODUCTION
Autoimmune liver disease (AILD) consists of autoimmune hepatitis (AIH), primary biliary cholangitis (PBC) and primary 
sclerosing cholangitis (PSC)[1]. The AILD overlap syndromes (AILDOS), however, do not conform to classic diagnostic 
categories. Instead, they are characterized by overlapping features of AIH and PBC and AIH and PSC[1]. AILDOS present 
with overlapping symptoms, clinical findings, biochemistry, immunological findings and histology of the individual 
AILDs[2,3]. The reported incidence of AILD is 1-2 per 100000 population per year for each individual disease[4]. AILDOS 
are far less prevalent conditions and as low as 7% of patients with PBC and 8% of patients with PSC have features that 
overlap with AIH[5]. There is little reported data on the clinical outcome of AILDOS due to their rarity, however one 
study found the 5-year risk of liver-related death was 15.5%[6] and another reported an 85.7% 5-year risk of liver-related 
death in AIH and PSC Overlap (AIH-PSC)[1,7,8].

Non-invasive measures of liver fibrosis and predicted survival are used to stage the severity of liver disease and assess 
the risk of liver-related death or liver transplantation and are recommended by all International Liver disease associations 
to optimise the management and outcomes of patients with chronic liver disease[9]. The liver outcome score (LOS) [in-
cluding serum components: Albumin, hyaluronic acid (HA) and gamma-glutamyl transferase (GGT)] is a serum 
prognostic marker that has previously been validated in patients with chronic hepatitis C (CHC) with a high sensitivity 
and specificity for predicting liver-related death[10]. The high sensitivity and specificity of LOS warrants further 
exploration of its utility as a predictor of survival in other chronic liver diseases[10]. The Hepascore (including serum 
components: Α2 macroglobulin, HA, total bilirubin and GGT) is a serum panel which has been validated as an accurate 
predictor of fibrosis and outcomes in chronic liver disease[6]. Other prognostic markers of liver disease include the Model 
for End-Stage Liver Disease (MELD) score, the MELD incorporated with serum sodium (MELD-Na) score and the 
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Revised Natural History Model (Mayo Score) for PSC[11,12]. There is a paucity in the literature regarding the utility of 
prognostic scores for liver disease in AILDOS. The aim of this retrospective cohort study was to evaluate survival in 
patients with AILDOS and assess the accuracy of models for predicting liver-related mortality (liver-related death or 
transplantation) in patients with AILDOS.

MATERIALS AND METHODS
Hepascore and clinical outcome cohort
Patients with AILDOS who had a Hepascore performed from 2004 to 2015 and were part of the Hepascore and Clinical 
Outcome (HACO) cohort, a state-wide cohort of Australian patients assessed for chronic liver disease[13]. A diagnosis of 
AILDOS was defined as a diagnosis of AIH and PBC or AIH and PSC using the International Statistical Classification of 
Diseases and Related Health Problems, 10th Revision (ICD-10) code K75.4 and K74.3 (AIH-PBC) or K75.4 and K83.0 (AIH-
PSC). Exclusion criteria was liver transplantation before the start of the study. The International AIH Group criteria, the 
European Association of Study of the Liver clinical practice guidelines and the American College of Gastroenterology 
clinical guidelines were used for the diagnosis of AIH, PBC and PSC respectively[14-16]. AIH-PBC and AIH-PSC diag-
nosis relied on the presence of all diagnostic criteria for each individual disease. An expert liver pathologist (Bastiaan de 
Boer) and hepatologist (Gary P Jeffrey) reviewed the patients’ data, serum liver tests, liver imaging and liver biopsy 
results to confirm the diagnosis of AILDOS. Twenty-two AILDOS patients were identified and included in the study, 
fourteen AIH-PBC patients and eight AIH-PSC patients.

The first Hepascore test was used as the date of enrolment in the study and the date of diagnosis, and all biochemical 
data was collected within 6 months of the Hepascore test.

Clinical data and endpoints
Age, sex and Hepascore were obtained from the West Australian PathWest database. Endpoints extracted from the 
Western Australia Data Linkage Unit (WADLU) included all-cause death, liver-related death, and liver transplantation. 
WADLU is a validated population-based data linkage system that links multiple health-related datasets including the 
state cancer register, the state hospital morbidity database, and the state mortality records. The hospital morbidity data 
system has 100% coverage of data for public and private hospital admissions in Western Australia. ICD-10 classification 
codes were used to record the diagnosis at hospital admission and the cause of death. All patient data was deidentified 
before analysis. Liver-related death was defined as from variceal bleeding, hepatocellular carcinoma or liver failure (ICD-
10 codes of I98.3, C22.0 and K72.0 respectively), and death in which liver disease was the major contributing factor. The 
primary endpoint used in the study was liver-related mortality (liver-related death or liver transplantation). This study 
was approved by Sir Charles Gairdner Hospital Human Research Ethics Committee, the Data linkage unit, and the 
Western Australia Department of Health Human Research Ethics Committee.

Additional blood test results were retrospectively extracted, if they were available, from Western Australian health 
data base. These tests included white cell count, hemoglobin (Hb), platelets, international normalized ratio, albumin, 
alanine aminotransferase, alkaline phosphatase (ALP), aspartate aminotransferase (AST), ferritin and transferrin, serum 
antimitochondrial antibody (AMA), including the AMA-M2 subtype, smooth muscle antibody (SMA), SMA vascular 
glomerular tubular pattern, liver kidney microsomal type 1 antibody and perinuclear antineutrophil cytoplasmic 
antibody.

Models tested for accuracy in predicting liver-related mortality
The LOS for survival was calculated using the following formula: -0.1792 × albumin (g/L) + 0.0042 × GGT (U/L) + 0.0041 
× HA (μg/L) + 0.0377 × age + 0.4492 (if sex = male) + 8[10]. This simple serum liver panel model has been validated in 
predicting liver-related mortality in patients with CHC infection with a LOS ≥ 5.5 being classified as high risk for liver-
related mortality[10]. The MELD score, the MELD-Na score and the ALP/AST ratio were calculated for all patients[11]. 
The Mayo Score for PSC is a model that predicts overall survival in PSC patients. It uses age, bilirubin, AST, albumin and 
variceal bleeding history, and was calculated for all patients in the current study[12].

Statistical analysis
Categorical variables were expressed as an absolute count and percentage, and continuous variables were expressed as a 
median and range. Fisher’s exact test was used to compare categorical variables and the Mann Whitney U test was used 
to compare continuous variables. Kaplan-Meier survival curves of AILDOS, AIH-PBC and AIH-PSC were calculated. 
Schoenfeld residuals was used to test the proportional hazards assumption. The association between variables and liver-
related mortality was calculated using Cox regression and the hazard ratio with a 95%CI[17]. Univariate variables with P 
< 0.1 were included in stepwise backward conditional selection for multivariate analysis, of which a significance level 
was set as P < 0.05. Components of the Hepascore, LOS, MELD and Mayo Score were excluded from regression analysis. 
Harrell’s C-statistic was used to evaluate the predictive ability of models[18]. Receiver operating characteristic curve 
analysis was used to predict liver-related mortality, using the Youden Index to define cut points. Kaplan-Meier survival 
curves and the log-rank test were additionally used to compare liver-related mortality. STATA IC18 (Stata Corporation, 
College Station, TX, United States) was used for all statistical analysis performed and analysis was reviewed by an expert 
in biomedical statistics (Luis Calzadilla-Bertot).
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The study was approved by Sir Charles Gairdner Hospital Human Research Ethics Committee (No. RGS0000001775).

RESULTS
Study population
The general patient characteristics at baseline are reported in Table 1. A total of 22 AILDOS patients were included in the 
final analysis, of which 14 patients had AIH-PBC and 8 patients had AIH-PSC. The median age for AILDOS patients was 
46.7 years with 36.4% of patients being male. AIH-PBC patients were significantly older than the AIH-PSC patients, with 
median ages of 55.8 and 23.3 years respectively (P = 0.008). AIH-PBC patients had a higher LOS than AIH-PSC, with 
median scores of 5.98 and 4.18 respectively. Additionally, AIH-PBC patients had significantly higher ferritin (P = 0.0272) 
than AIH-PSC, with means of 176 and 32.5 respectively. There were no other statistically significant differences between 
the AIH-PBC and AIH-PSC groups.

Liver-related mortality
For patients with AILDOS, the median follow-up time was 3.1 years (range, 0.35-7.7 years). Eight patients had a liver-
related mortality endpoint during the study and of these, three were liver-related deaths and five received a liver 
transplantation (Figure 1). At five years post enrolment, 57% of patients remained free from liver-related mortality. 
Univariate analysis found that the LOS and a low Hb were significant predictors of liver-related mortality (P < 0.05). 
Hepascore and Mayo Score were not significantly associated with liver-related mortality, but were retained for multiva-
riate analysis (Table 2). Using multivariate analysis, a low Hb (P = 0.041) was a significant of liver-related mortality 
(Table 3). The LOS model achieved a Harrell’s C-Statistic of 0.730. A LOS cut point of 6 yielded a sensitivity of 75.0% and 
a specificity of 83.3% to predict liver-related mortality in all AILDOS patients. A cut point of 6 significantly discriminated 
liver-related mortality in all AILDOS patients (P = 0.013, log-rank test; Figure 2).

Subgroup analysis was performed on the AIH-PBC and AIH-PSC patient groups. The median follow-up time for AIH-
PBC was 3.33 years (range: 0.35-7.7 years). Three deaths occurred, all of which were liver-related deaths, and one patient 
had a liver transplantation (Figure 1). At five years post enrolment, 74% of patients remained free from liver-related 
mortality. Univariate analysis of AIH-PBC patients showed that the LOS was a significant predictor of liver-related 
mortality (P < 0.05). Low Hb was retained for the multivariate analysis (P = 0.052; Table 2). Cox regression showed that 
the LOS was a significant predictor of liver-related mortality (P < 0.05; Table 3) and the Harrell’s C-Statistic was 0.867. A 
LOS cut point of 6 yielded a sensitivity of 100% and a specificity 77.8% for the prediction of liver-related mortality in 
AIH-PBC patients. A cut point of 6 significantly discriminated liver-related mortality in AIH-PBC patients (P = 0.012, log-
rank test; Figure 2).

For patients with AIH-PSC, the median follow-up time was 2.85 years (range, 1.8-6.9 years). No deaths occurred and 
four patients received a liver transplantation (Figure 1). At five years post enrolment, 27% of patients remained free from 
liver-related mortality. No significant difference was identified between liver-related mortality of the AIH-PBC and AIH-
PSC patient groups (P = 0.294, log-rank test). Univariate analysis of AIH-PSC showed no significant predictors of liver-
related mortality (Table 2). A cut point of 6 failed to discriminate liver-related mortality in AIH-PSC patients (P = 0.429, 
log-rank test; Figure 2). The P values of all variables included in univariate cox regression are outlined in Supplementary 
Table 1.

In multivariate analysis, the MELD score, MELD-Na score and Mayo Score were not predictive of liver-related 
mortality in all AILDOS patients, AIH-PBC patients or in AIH-PSC patients (P > 0.05; Supplementary Table 1).

DISCUSSION
The current study is the first to identify a predictive model for liver-related mortality in AIH-PBC. This is one of the 
largest studies that has evaluated prognostic factors affecting liver-related clinical outcomes for patients with AILDOS, 
and as such yields novel findings. Individuals with AIH-PBC have poorer long-term outcomes when compared to 
patients with either AIH alone[19,20] or PBC alone[21,22], and some studies have demonstrated worse outcomes in those 
diagnosed with AIH-PSC when compared to patients with AIH alone or PSC alone[7,23,24].

Base line characteristics were similar between AIH-PBC and AIH-PSC. AIH-PBC patients were significantly older (55.8 
years vs 23.3 years, P = 0.008), explained by PBC diagnosis being more prevalent in older patients when compared to PSC
[25,26]. AIH-PBC patients also had significantly higher ferritin (P = 0.0272) than AIH-PSC. Ferritin is a known marker of 
hepatic necro-inflammation, but there is limited literature as to the role of ferritin in AILD diagnosis[27].

The primary finding of the current study is that LOS is a significant predictor of liver-related mortality in AIH-PBC 
patients (P < 0.05). Despite retention in multivariate analysis, the Hepascore is not a significant predictor of liver-related 
mortality in those diagnosed with AILDOS. Using a LOS cut point of 6, a significant difference between liver-related 
mortality was identified in AIH-PBC patients (P = 0.012) and in AILDOS patients (P = 0.013). The Harrell’s C-statistic was 
0.867 and 0.730 for AIH-PBC and AILDOS patients respectively. No significant associations were identified for the AIH-
PSC group.

Similarly, in CHC patients, LOS is significantly more accurate than the Hepascore at predicting liver-related death (P = 
0.0009)[10]. Given the high Hepascore values in all patient groups at baseline (median of 1), suggestive of cirrhosis, the 
expectation is poor outcomes for all patients. Despite this, the ability of LOS to effectively stratify patients by liver-related 
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Table 1 Patient characteristics at baseline and comparison of baseline characteristics between autoimmune hepatitis and primary 
biliary cholangitis overlap and autoimmune hepatitis and primary sclerosing cholangitis overlap subgroups, n (%)

Characteristics AILDOS (n = 22) (all 
patients) AIH-PBC (n = 14) AIH-PSC (n = 8) P value

Age, median (range) years 46.7 (17.8-82.1) 55.8 (26.9-82.1) 23.3 (17.8-62.0) 0.008b

Male 8 (36.4) 5 (35.7) 3 (37.5) 0.935

Hepascore, median (range) 1 (0.07-1) 1 (0.07-1) 0.91 (0.12-1) 0.628

LOS, median (range) 5.75 (1.46-13.7) 5.98 (2.41-13.65) 4.18 (1.46-6.49) 0.143

MELD, median (range) 8 (6-12) 8.5 (6-12) 6 (6-11) 0.427

MELD-Na, median (range) 10 (6-14) 9.5 (6-14) 10 (6-13) 0.966

Mayo Score, median (range) 0.76 (-1.28-2.92) 0.79 (-0.50-2.92) 0.1 (-1.28-1.9) 0.256

Variceal bleeding history 2 (9.1) 1 (7.1) 1 (12.5) 1.000

WCC, median (range) 5.20 (2.43-7.94) 5.4 (4.4-7.94) 3.2 (2.43-6.8) 0.052

Hb low 5 (25) 2 (15.4) 3 (42.9) 0.290

Platelet, median (range) (35-514) 173 (69-514) 153 (35-388) 0.843

INR, median (range) 1 (0.9-1.3) 1.05 (0.9-1.2) 1 (0.9-1.3) 0.794

Bilirubin, median (range) 17 (3-62) 17.8 (7-62) 13 (3-56) 0.561

ALT, median (range) 67.5 (14-677) 72 (14-677) 55 (24-137) 0.250

ALP, median (range) 146 (20-1200) 156 (20-1200) 136 (67-546) 0.968

AST, median (range) 74 (24-303) 76 (24-303) 55 (38-102) 0.533

ALP/AST ratio, median (range) 2.03 (0.625-7.64) 2.05 (0.625-7.64) 1.78 (1.40-2.21) 0.610

GGT, median (range) 165 (13-1838) 177 (12-1838) 73.5 (24-637) 0.275

Albumin, median (range) 39 (31-43) 39 (32-42) 40 (31-43) 0.810

Ferritin, median (range) 85 (7-913) 176 (45-913) 32.5 (7-79) 0.027a

Transferrin, median (range) 31.5 (23-42) 31.5 (23-42) 36 (30-41) 0.443

AMA 6 (35.3) 6 (54.5) 0 (0) 0.043a

AMA-M2 7 (100) 7 (100) 0 (0) 1.000

SMA 10 (52.6) 5 (41.7) 5 (71.4) 0.350

SMA-VGT 3 (15.8) 3 (25) 1 (14.3) 1.000

LKM-1 0 (0) 0 (0) 0 (0) 1.000

pANCA 4 (21.1) 2 (18.2) 2 (25) 1.000

aP < 0.05.
bP < 0.01.
LOS: Liver outcome score; AILDOS: All autoimmune liver disease overlap syndromes; AIH-PBC: Autoimmune hepatitis and primary biliary cholangitis 
overlap; AIH-PSC: Autoimmune hepatitis and primary sclerosing cholangitis overlap; MELD: Model for end-stage liver disease; MELD-Na: Model for end-
stage liver disease incorporated with serum sodium score; WCC: White cell count; Hb: Hemoglobin; INR: International normalized ratio; ALT: Alanine 
aminotransferase; ALP: Alkaline phosphatase; AST: Aspartate aminotransferase; GGT: Gamma-glutamyl transferase; AMA: Antimitochondrial antibody; 
SMA: Smooth muscle antibody; SMA-VGT: Smooth muscle antibody vascular glomerular tubular pattern; LKM-1: Liver kidney microsomal type 1 
antibody; pANCA: Perinuclear antineutrophil cytoplasmic antibody.

mortality reflects that of use of LOS as a prognostic tool in those diagnosed with AIH-PBC will improve clinical care and 
their long-term outcomes.

The current study interestingly revealed a lack of significance of MELD and MELD-Na as predictors of liver-related 
mortality in AILDOS and AIH-PBC. Another study presented MELD approaching significance as a predictor of impaired 
overall survival in AILDOS patients (P = 0.05), but the study was limited by a small sample size of five patients in the 
entire AILDOS cohort, whilst the current study has twenty two patients[28]. The historical application of MELD and 
MELD-Na of predicting survival in cirrhotic patients undergoing transjugular intrahepatic portosystemic shunt pro-
cedure, and later evolving to assess cirrhotic patients prior to liver transplant, could explain the lack of correlation with 
liver-related mortality in the current cohort[29]. The Mayo Score for PSC was also not a predictor of liver-related 
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Table 2 Univariate Cox regression analysis for predictors of liver-related mortality in patients with all autoimmune liver disease overlap 
syndromes, autoimmune hepatitis and primary biliary cholangitis overlap and autoimmune hepatitis and primary sclerosing cholangitis 
overlap subgroups

AILDOS (all patients) AIH-PBC AIH-PSC

HR (95%CI) P value HR (95%CI) P value HR (95%CI) P value

LOS 1.37 (1.03, 1.82) 0.030 1.56 (1.02, 2.38) 0.040 NS

Hb low 5.20 (1.16, 23.44) 0.032 10.82 (0.97, 120.93) 0.053 NS

Hepascore 240.5 (0.42, 136411) 0.090 NS NS

Mayo score 2.25 (0.94, 5.39) 0.068 NS NS

LOS: Liver outcome score; AILDOS: All autoimmune liver disease overlap syndromes; AIH-PBC: Autoimmune hepatitis and primary biliary cholangitis 
overlap; AIH-PSC: Autoimmune hepatitis and primary sclerosing cholangitis overlap; HR: Hazard ratio; Hb: Hemoglobin; NS: Not significant.

Table 3 Multivariate Cox regression analysis for predictors of liver-related mortality in patients with all autoimmune liver disease 
overlap syndromes, autoimmune hepatitis and primary biliary cholangitis overlap and autoimmune hepatitis and primary sclerosing 
cholangitis overlap subgroups

AILDOS (all patients) AIH-PBC AIH-PSC

HR (95%CI) P value HR (95%CI) P value HR (95%CI) P value

LOS 1.47 (0.96, 2.24) 0.077 1.56 (1.02, 2.38) 0.040a NS

Hb low 4.45 (0.95, 20.80) 0.041a NS NS

aP < 0.05.
LOS: Liver outcome score; AILDOS: All autoimmune liver disease overlap syndromes; AIH-PBC: Autoimmune hepatitis and primary biliary cholangitis 
overlap; AIH-PSC: Autoimmune hepatitis and primary sclerosing cholangitis overlap; HR: Hazard ratio; Hb: Hemoglobin; NS: Not significant.

Figure 1 Kaplan-Meier survival curves for 5-year liver-related mortality with number of patients at risk listed underneath. A: All autoimmune 
liver disease overlap syndromes patients; B: Autoimmune hepatitis and primary biliary cholangitis overlap patients and autoimmune hepatitis and primary sclerosing 
cholangitis overlap patients compared using the log-rank test. AILDOS: All autoimmune liver disease overlap syndromes; AIH-PBC: Autoimmune hepatitis and 
primary biliary cholangitis overlap; AIH-PSC: Autoimmune hepatitis and primary sclerosing cholangitis overlap.

mortality in any patient group in the current study. The Mayo Score was developed from a cohort of 405 PSC patients and 
validated in a cohort of 124 patients, but no Harrell’s C-statistic was reported[12]. This model estimated survival of 
patients undergoing liver transplantation, as opposed to using liver-related mortality as an endpoint. The lack of sig-
nificance in predicting liver-related mortality in the AIH-PSC cohort of the current study could be attributed to the small 
sample size of the AIH-PSC cohort or differing pathogenesis of AIH-PSC from PSC.
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Figure 2 Kaplan-Meier survival curves for 5-year liver-related mortality according to liver outcome score compared using the log-rank 
test with number of patients at risk listed underneath. A: All autoimmune liver disease overlap syndromes patients; B: Autoimmune hepatitis and primary 
biliary cholangitis overlap patients; C: Autoimmune hepatitis and primary sclerosing cholangitis overlap patients. LOS: Liver outcome score; AILDOS: All autoimmune 
liver disease overlap syndromes; AIH-PBC: Autoimmune hepatitis and primary biliary cholangitis overlap; AIH-PSC: Autoimmune hepatitis and primary sclerosing 
cholangitis overlap.

An additional finding of the current study was that in individuals with AILDOS, a low Hb is a significant predictive 
factor of poorer liver-related mortality (P = 0.041). Anemia, characterized by low Hb, is an established extrahepatic 
manifestation seen in approximately 75% of individuals with advanced liver disease[30]. In cirrhotic patients particularly, 
the etiology of anemia is complex and multifactorial, and various mechanisms are thought to be involved, including 
hepcidin metabolism, hemolysis, alcohol toxicity, splenomegaly, and chronic blood loss into the gastrointestinal tract[30,
31]. In the current cohort, only two patients (9%) had a variceal bleeding history. Cirrhosis status was unable to be 
retrospectively obtained. The symptoms and complications of anemia increase cardiovascular morbidity and mortality, 
impair cognition and decrease health-related quality of life[32]. Anemia negatively impacts liver-related mortality in 
those diagnosed with AILDOS through the multifactorial mechanisms described.

There are currently no predictive models for liver-related mortality in AIH-PBC. With the progressive implementation 
of non-invasive fibrosis markers into liver disease patients routine care, using LOS to risk stratify AIH-PBC patients and 
to serve as surrogate endpoints in clinical trials is essential to optimize treatment, and in turn, liver-related outcomes for 
these patients. Having been demonstrated a predictor of survival in both AIH-PBC and CHC, further research into the 
application of LOS in other hepatic conditions is essential.

Limitations of the current study include a relatively small sample size, its retrospective nature, the lack of availability 
of treatment data, and the inclusion bias associated with having at least one Hepascore test performed being a 
requirement for entry into the HACO cohort. A relatively small sample size is expected given the low incidence of 
AILDOS[5]. This attracts attention to the paucity in the literature regarding the exact definition of AILDOS for which 
there is no precise consensus, as the pathogenesis of AILDOS is not understood. An established, stringent diagnostic 
criteria is warranted to facilitate collation of data between centres, enabling larger sample sizes for analysis. Biopsy 
evidence of cirrhosis was unable to be retrospectively obtained, and should be considered when drawing conclusions 
regarding predictive score accuracy in AILDOS. A larger sample size would be required for further trials to exclude 
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cirrhosis from analysis.

CONCLUSION
In summary, the LOS has been demonstrated to be a predictor of liver-related mortality in patients with AIH-PBC. This is 
a novel study as no previous predictors of survival in AILDOS patients have been validated. Further, large-volume 
studies regarding the factors affecting prognosis for AILDOS and investigating LOS as a predictive model are crucial to 
ensure the best outcomes for patients with this rare condition.
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