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Liver stiffness measurement predicts clinical outcomes in
autoimmune hepatitis™
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Background & Aims: Liver stiffness measurement (LSM) has been shown to adequately predict outcomes in patients with liver
disease. However, the value of LSM as a predictor of disease progression in autoimmune hepatitis (AIlH) remains to be determined.
This study aimed to evaluate the role of LSM as a predictor of disease progression and decompensation of cirrhosis in patients
with AlH.

Methods: This multicentre cohort study included 439 patients with histologically confirmed AIH and at least one LSM during
follow-up. The association between the first LSM performed at least 6 months after treatment initiation (baseline LSM [BLSM]) and
cirrhosis development and poor outcomes (decompensation, liver transplantation, and/or liver-related death) was assessed using
Cox regression and its discriminating capacity with a receiver-operating characteristic curve.

Results: Most patients were female (n = 301, 70%), with a median age of 52 years. BLSM performed after a median of 2.18 (1.19-
4.68) years had a median value of 6 kPa (4.5-8.5). At the time of BLSM, 332 (76%) patients had achieved a biochemical response
and 57 (13%) had cirrhosis. During follow-up, eight patients (2%) presented with poor outcomes and 26 (7 %) developed cirrhosis.
BLSM was higher among patients with poor outcomes (13.5 kPa vs. 6 kPa; p <0.001) and was independently associated with
cirrhosis development (hazard ratio 1.300; p <0.001), irrespective of the achievement of biochemical response. A cut-off of 8.5 kPa
accurately predicted cirrhosis development and poor outcomes, with AUCs of 0.859 (95% CI 0.789-0.929) and 0.900 (95% ClI
0.847-0.954), respectively.

Conclusion: BLSM could play a significant role in predicting AIH outcomes, potentially identifying a subgroup of patients at a high
risk of progressing to cirrhosis and experiencing decompensation.

© 2024 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/).

Introduction certain risk of complications, and their results are not free from
biases related to sample size and representation.

In this context, liver stiffness measurement (LSM) using
vibration-controlled transient elastography (VCTE) has been
consolidated as a non-invasive tool for monitoring fibrosis
progression and predicting clinical outcomes in patients with
liver diseases.” In AlH, LSM has been shown to adequately
correlate with fibrosis stage, with cut-off points ranging be-
tween 12.5 and 16 kPa for detecting cirrhosis'°~'2 and 9 kPa for
severe fibrosis.”® LSM is influenced by both fibrosis and
inflammation, and thus, LSM within the first 3 months of
treatment initiation correlates with inflammation rather than the
fibrosis stage.'® Therefore, clinical practice guidelines recom-
mend deferring LSM for at least 6 months after successful
immunosuppressive treatment.’* However, a recent multi-
centre study found that currently used LSM cut-off points lack
good discriminative capacity for diagnosing AlH-related
cirrhosis (with or without portal hypertension), especially

Autoimmune hepatitis (AIH) is a chronic liver disease charac-
terised by elevated transaminase and IgG levels, autoanti-
bodies, and interface hepatitis on liver biopsy. In general, AlH
responds favourably to immunosuppressive therapy, with
complete biochemical response rates (CBR) of approximately
60%."? However, in untreated patients or those with insuffi-
cient treatment response, liver inflammation can lead to
fibrosis progression, cirrhosis development, and clinical
decompensation.>*

Furthermore, despite having normal transaminase levels, a
considerable proportion of patients achieving CBR (with or
without cirrhosis), have persistent histological activity and, as a
result, a high risk of disease progression.>® These findings
highlight the importance of monitoring the progression of
fibrosis in patients with AIH. However, follow-up liver biopsies
are not routinely performed in clinical practice because most
patients are reluctant to undergo invasive procedures with a
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when LSM was performed long-term after treatment initiation."®
This is likely attributable to the resolution of inflammation and
regression of fibrosis observed in patients with AIH during
follow-up, particularly in those with CBR."®

Besides monitoring fibrosis progression, LSM has been
found to be useful in predicting the risk of portal hypertension,
cirrhosis decompensation, and liver-related mortality in various
liver diseases. LSM has been shown to significantly improve
the prediction of survival in patients with primary biliary chol-
angitis (PBC).° However, its value as a predictor of outcome in
patients with AIH remains to be determined. Therefore, in this
large, multicentre study, we aimed to: 1) assess the use of LSM
as a predictive factor for poor clinical outcomes in AlH, 2)
determine the optimal cut-off point to identify patients at risk of
disease progression and poor clinical outcomes, and 3) char-
acterise the changes in LSM during follow-up and their asso-
ciation with disease progression and poor clinical outcomes.

Patients and methods

Study design

This was a retrospective, multicentre cohort study that enrolled
439 patients with AIH from four liver units (Hospital Clinic de
Barcelona, Hospital Vall d’Hebron, Hospital Universitario Mar-
qués de Valdecilla, and University Hospital of Larissa) (Fig. 1).

The inclusion criteria were: 1) age >16 years; 2) probable or
definite diagnosis of AIH according to the simplified criteria
established by the International Autoimmune Hepatitis Group
(IAIHG);"" 3) liver biopsy at diagnosis with compatible or typical
findings of AlH; 4) at least one reliable LSM value using VCTE
(FibroScan®, Echosens, Paris); and 5) a minimum of 1 year of
follow-up after the first LSM. The exclusion criteria were: 1) AlH
variants (AIH/PBC, AlH/primary sclerosing cholangitis or
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Fig. 1. Study flowchart. AlH, autoimmune hepatitis. BLSM, first liver stiffness
measurement 6 months after diagnosis. HCC, hepatocellular carcinoma.
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AlH/steatotic liver disease), 2) decompensated cirrhosis before
the first LSM and 3) liver transplantation before the first LSM.

Data collection

Demographic and clinical data, including age, sex, date of AlH
diagnosis, and immunosuppressive treatment were collected.
Laboratory and serological data assessed at the time of diag-
nosis included: aspartate aminotransferase, alanine amino-
transferase, gamma-glutamyltransferase, alkaline phosphatase
(recorded as -fold relative to the upper limit of normal), bilirubin,
platelet count, IgG levels, international normalized ratio, and
circulating autoantibodies. The original reports of the liver bi-
opsies performed at diagnosis were also retrospectively ana-
lysed. H&E and Masson’s trichrome staining were used to
determine portal and lobular necrosis and inflammation, and
fibrosis staging was performed using the modified hepatitis
activity index (mHAI) and Ishak scores, respectively. Cirrhosis
at diagnosis was defined as Ishak stage 6 and advanced
fibrosis as Ishak stages 3-5.'®

The first LSM performed at least 6 months after treatment
initiation in each patient was recorded as the baseline LSM
(BLSM), and all subsequent LSMs performed during follow-up
were also collected. LSMs were performed by experienced
operators following the manufacturer’'s recommendations, with
the patients under fasting conditions. Only reliable LSMs (=10
valid measurements, >60% success rate, and interquartile
range [IQR]/median ratio <0.30) were included in the analysis.
Liver tests performed within 2 months of each LSM were
collected. Biochemical response (BR) was defined as normal
transaminase levels and CBR was defined as normal trans-
aminase and IgG levels. Study entry was the date of the BLSM.
The time between study entry and development of poor clinical
outcomes was calculated. Poor clinical outcomes were defined
as cirrhosis decompensation (ascites, variceal bleeding and
hepatic encephalopathy), development of hepatocellular car-
cinoma (HCC), need for liver transplantation (LT), and/or liver-
related death.

In patients without cirrhosis at diagnosis, the time between
study entry and development of cirrhosis was calculated. The
diagnosis of cirrhosis during follow-up was based on clinical
(decompensation of liver disease), histological, or endoscopic
findings of portal hypertension, and/or ultrasound criteria
(coarse echo pattern of the liver parenchyma along with irreg-
ular hepatic margins, spleen >12 cm, portal vein >16 mm).'®

Statistical analysis

Continuous variables were expressed as median and IQR. The
Mann-Whitney test was performed to compare continuous
variables and analyse independent samples, and the Wilcoxon
test was used for paired samples. Categorical variables were
expressed as absolute numbers and percentages, and differ-
ences between proportions were compared by the Fisher’s
exact test or the Chi square test, as appropriate.

The predictive factors for poor clinical outcomes and
cirrhosis development were analysed using univariate and
multivariate Cox regression analyses. For each covariate ana-
lysed, the association with the primary endpoint was expressed
as a hazard ratio (HR) with a 95% CI. Sensitivity analyses were
performed on different subpopulations of patients according to

JHEP Reports, mmm 2024. vol. 6 | 101213 2



the different immunosuppressive regimens used and the
treatment response.

The ability of LSM values to discriminate patients devel-
oping poor clinical outcomes and cirrhosis was evaluated using
a receiver-operating characteristic curve. Optimal LSM cut-off
values for predicting poor clinical outcomes and cirrhosis
development were determined by estimating the AUC at the
maximum total sensitivity and specificity (Youden’s index) and
maximally selected rank statistics. Survival rates were esti-
mated using Kaplan-Meier curves and compared using the log-
rank test. Variations in LSMs during follow-up were assessed
by repeated-measures analysis using a general linear model.
Two-sided p values <0.05 were considered statistically signifi-
cant. Statistical analyses were performed using IBM SPSS
Statistics 25 and Stata 18.0.

Ethics

The study was conducted in accordance with the Declaration of
Helsinki and the protocol was approved by the Ethics Com-
mittee of each participating centre.

Results

Baseline characteristics

The baseline characteristics of the 439 patients included in the
study are summarized in Table 1. Briefly, most patients were

Table 1. Baseline characteristics of the patients included in the study.

Variable n =439
Age at entry (years) 56 (44 -65)
Female sex (n, %) 311 (71%)
AST (U/L) 315 (87-900)
ALT (U/L) 419 (116-1,100)
Total bilirubin (mg/dl) 1.7 (0.8- 8.8)
ALP (x ULN) 1(0.64-1.48)
GGT (U/L) 134 (56-267)
19G (9/L)* 17 (13 -22)
INR 1.1 (1.0-1.3)
Platelets count (x10%/L) 219 (171-263)
mHAI

Grading 8 (6-10)

Staging 1(0-3)
Cirrhosis at diagnosis (n, %) 49 (11%)
Cirrhosis at BLSM 57 (13%)
Advanced fibrosis at diagnosis (n, %) 99 (23%)
ANA (n, %) 304 (69%)
SMA (n, %) 338 (77%)
Anti-SLA/LP (n, %) 27 (6%)
Anti-LKM1 (n, %) 11 (2.5%)

Treatment (n, %)

433 (99%)

Cs + AZA 243 (56%)
Cs + MMF 124 (28%)
Cs 66 (15%)
BLSM (kPa) 6.0 (4.5-8.5)
BR at BLSM (n, %) 332 (76%)
Time from diagnosis to BLSM (years) 2.18 (1.19-4.68)

ALP, alkaline phosphatase; ALT, alanine aminotransferase; ANA, antinuclear antibodies;
Anti-LKM1, anti-liver kidney microsomal antibodies; anti-SLA/LP, anti-soluble liver an-
tigen/liver pancreas antibodies; AST, aspartate aminotransferase; AZA, azathioprine;
BLSM, first liver stiffness measurement after 6 months of treatment initiation; BR,
biochemical response; Cs, corticosteroids; GGT, gamma-glutamyltransferase; mHAI,
modified hepatitis activity index; MMF, mycophenolate mofetil; SMA, smooth mus-
cle antibodies.

Data are expressed as median (IQR).

*Available in 367 patients.
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women (n =311, 71%), with a median age of 52 years (IQR 40-
62) at the time of diagnosis. Fifty-seven (13%) patients had
compensated cirrhosis at study entry and 433 (99%) received
immunosuppressive treatment during follow-up. The most
commonly used first-line treatment regimens were prednisone
in combination with azathioprine (AZA, n = 243, 56%) or
mycophenolate mofetil (MMF, n = 124, 28%). BLSM was per-
formed a median of 2.18 years (IQR 1.19-4.68) after diagnosis,
with a median value of 6 kPa (IQR 4.5-8.5) and 332 (76%) pa-
tients in BR at the time of measurement.

LSM predicts poor clinical outcomes in patients with AIH

After a median follow-up of 3.67 years (IQR 1.76-5.99), eight
patients (2%) presented poor clinical outcomes: six patients
developed ascites, one HCC, and one variceal bleeding. Two of
these patients died and one underwent LT. During follow-up,
five additional patients died due to a non-liver-related cause
and were not considered in the following analysis. In these
patients, the median time from AIH diagnosis to BLSM was
0.77 years (IQR 0.65-2.97), and the median time from BLSM to
the event was 1.55 years (IQR 0.61-2.00). At the time of BLSM
all patients had an abdominal ultrasound that ruled-out the
presence of ascites or HCC.

Patients with poor clinical outcomes were more likely to
have cirrhosis (p <0.001) or advanced fibrosis (p <0.001) at the
time of diagnosis, a lower baseline platelet count (p = 0.009),
higher BLSM values (p <0.001), and were less likely to have
achieved BR at BLSM (p = 0.001) (Table 2). Multivariate analysis
could not be performed due to the low number of events.
However, the association between BLSM and poor clinical
outcomes remained significant when the analysis was
restricted to patients treated with AZA or MMF (data
not shown).

The predictive ability of BLSM for poor clinical outcomes
demonstrated excellent performance with an AUC of 0.90 (95%
Cl 0.85-0.95) (Fig. 2A). According to Youden’s index, the best
cut-off point of BLSM to predict clinical outcomes was 8.5 kPa
(sensitivity: 100%, specificity: 76%, positive predictive value:
100%). As shown in Fig. 2B, patients with BLSM greater than
8.5 kPa had a significantly lower probability of being free from
poor clinical outcomes (p <0.001). Baseline platelet count and
mHAI also had excellent accuracy in the prediction of poor
outcomes with AUCs of 0.93 (95% CI 1.00-0.84) and 0.86 (95%
Cl 0.76-0.99), respectively (Fig. S1).

Association between LSM and the risk of cirrhosis
development during follow-up

Among the 382 patients without cirrhosis at baseline, 26 (7%)
developed cirrhosis after BLSM. Cirrhosis was diagnosed by
liver biopsy in eight patients, and ultrasound criteria in the
remaining 18 patients, all of whom had a nodular liver surface
and splenomegaly. The median time from AIH diagnosis to
BLSM in patients who developed cirrhosis was 1.75 years (IQR
1.12-3.62), and the median time from BLSM to the diagnosis of
cirrhosis was 1.65 (IQR 0.71-2.45) years.

Patients who developed cirrhosis during follow-up had
higher BLSM values (11.05 kPa vs. 5.4 kPa; p <0.001), mHAI
index (10.5 vs. 8; p = 0.001), aspartate aminotransferase (563
U/L vs. 323 U/L; p = 0.045), and IgG (20 g/L vs. 17 g/L; p =
0.026) at diagnosis. In addition, patients who developed
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Table 2. Clinical, biochemical, and histological characteristics associated with the development of poor clinical outcomes in the univariate analysis.

Poor clinical outcomes

Univariate analysis

Variables No (n = 431) Yes (n = §) p value Wald HR (95% CI) p value
Age at entry (yr) 56 (44 - 65) 63 (562-71) 0.233
Female sex (n, %) 307 (70%) 4 (50%) 0.190
AST (U/L) 324 (89-906) 82 (55-302) 0.096
ALT (U/L) 430 (124-1,112) 74 (52-192) 0.016 2.778 0.996 (0.992-1.001) 0.096
Total bilirubin (mg/dI) 1.7 (0.8-7.8) 2.3 (0.8-3.7) 0.907
ALP (x ULN) 0.9 (0.63-1.48) 1.07 (0.75-216) 0.381
GGT (U/L) 132 (55-266) 220 (78-546) 0.144
19G (g/L) 17 (13-22) 16 (11-22) 0.684
INR 1.10 (1.01-1.25) 1 (1.04-1.25) 0.893
Platelet count (x10%/L) 220 (171-263) 141 (92-169) 0.009 6.473 1.000 (1.000-1.000) 0.011
mHAI
Grade 8 (6-10) 6.5 (4.3-8.8) 0.400 0.871 0.898 (0.717-1.125) 0.351
Stage 1(0-3) 5 (3.5-6) <0.001 12.899 2.053 (1.38 7-3.040) <0.001
Cirrhosis at diagnosis (n, %) 3 (10%) 6 (75%) <0.001 15.043 23.733 (4.790-117.594) <0.001
Advanced fibrosis (n, %) 2 (21%) 7 (87%) <0.001 7.858 20.022 (2.463-162.734) 0.005
ANA (n, %) 298 (68%) 6 (75%) 0.75
SMA (n, %) 330 (75%) 8 (100%) 0.128
Anti-SLA/LP (n, %) 27/426 6 %) 0 0.462
Anti-LKM1 (n, %) 1(2%) 0 0.217
Cs + AZA (n, %) 239 (56%) 4 (50%) 0.753
Cs + MMF (n, %) 122 (28%) 2 (25%) 0.834
BLSM (kPa) 6 (4.5-8.2) 13.5 (10-17.5) <0.001 20.104 1.173 (1.094-1.258) <0.001
BR at BLSM (n, %) 330 (77%) 2 (25%) 0.001 7.107 0.113 (0.023-0.562) 0.008
Time from diagnosis to BLSM (yr) 2.19 (1.21-4.84) 1.04 (0.58-3.24) 0.073

ALP, alkaline phosphatase; ALT, alanine aminotransferase; ANA, antinuclear antibodies; Anti-LKM1, anti-liver kidney microsomal antibodies; anti-SLA/LP, anti-soluble liver antigen/
liver pancreas antibodies; AST, aspartate aminotransferase; AZA, azathioprine; BLSM, first liver stiffness measurement after 6 months of treatment initiation; BR, biochemical
response; Cs, corticosteroids; GGT, gamma-glutamyltransferase; HR, hazard ratio; INR, international normalised ratio; mHAI, modified hepatitis activity index; MMF, mycophenolate

mofetil; SMA, smooth muscle antibodies.

Data are expressed as the median (IQR). Univariate analysis was performed by Cox regression.

cirrhosis more frequently had advanced fibrosis at diagnosis
(p = 0.017) and were less likely to have achieved BR at BLSM (p
<0.001) (Table 3). Owing to the limited number of events, these
variables were included in two different Cox regression multi-
variate analyses. As shown in Fig. 3, BLSM (Model 1 = HR
1.161; 95% CIl 1.07408-1.24425; p <0.001), BLSM <8.5 kPa
(Model 2 = HR 0.096; 95% CI (0.033-0.278), mHAI (Model 1 =
HR 1.212; 95% Cl 1.062-1.382; p = 0.004; Model 2 = HR 1.183;

Poor clinical outcomes

100 - 0.15
80
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z S
E AUROC = 0.90 o
@ 0.05
S 40 +
(%]
20
0.00
BLSM
0 - T T T T 1
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e N° at risk
100% - Specificity %
LSM <8.5
LSM 28.5

95% Cl 1.041-1.345; p = 0.010), and BR at the time of BLSM
(Model 1 = HR 0.267; 95% CI 0.095-0.750; p = 0.012; Model
2 = HR 0.278; 95% CI 0.107-0.723; p = 0.090) were indepen-
dently associated with the risk of developing cirrhosis during
follow-up. IgG at diagnosis and time between diagnosis and
BLSM were not associated with the risk of developing cirrhosis
(Fig. S2). Of note, the association between BLSM and the risk
of developing cirrhosis remained when the analysis was

+4
i
'
'
'
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-+
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Fig. 2. Association of BLSM with poor clinical outcomes. (A) ROC curve of BLSM for the prediction of poor clinical outcomes. (B) Probability of being free of poor
clinical outcomes according to the BLSM. Patients with BLSM greater than 8.5 kPa had a significantly lower probability of being free from poor clinical outcomes,
represented by a Kaplan-Meier curve and log-rank test (o <0.001). BLSM, baseline liver stiffness measurement.
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Table 3. Predictive factors of cirrhosis development during the follow-up in patients without cirrhosis at baseline.

Research article

Cirrhosis development

Univariate analysis

Variables No (n = 356) Yes (n = 26) p value Wald HR (95% CI) p value
Age at entry (yr) 55 (42-65) 56 (44-62) 0.768
Female sex 256 (72%) 18 (69%) 0.770
AST (U/L) 323 (85-957) 563 (288-1,057) 0.045
ALT (U/L) 455 (124-1,198) 760 (323-1,170) 0.138 0.022 1.000 (1.000-1.001) 0.631
Total bilirubin (mg/dI) 1.7(0.80-7.80) 6.4 (1-14.5) 0.074
ALP (x ULN) 0.96 (0.61-1.44) 1.26 (1.00-1.62) 0.023 4.122 1.379 (1.011-1.879) 0.018
GGT (U/L) 131 (49-226) 132 (86-330) 0.285
19G (9/L) 17 (12-21) 20 (14-35 0.026 5.834 1.03 (1.006-1.056) 0.016
INR 1.10 (1.00-1.21) 1.2 (1.03-1.58) 0.088
Platelets count (x10%L) 227 (179-273) 199 (147-27) 0.079
mHAI (n, %)
Grade 8.00 (6.00-10.00) 11 (8.00-12.00) 0.001 6.681 1.181 (1.041-1.339) 0.010
Stage 1(0-2) 1(0-3) 0.088
Fibrosis (n, %) 170 (48%) 17 (65% 0.050 2.779 2.115 (0.877-5.102) 0.096
Advanced fibrosis (n, %) 2 (12%) 7 (27%) 0.017 5.799 3.052 (1.231-7.568) 0.016
ANA (n, %) 241 (68%) 24 (92%) 0.010
SMA (n, %) 269 (76%) 22 (85%) 0.338
Anti-SLA/LP (n, %) 23 (6.5%) 1 (3.8%) 0.588
Anti-LKM1 (n, %) 0 (2.0%) 0 (0%) 0.378
Cs + AZA (n, %) 197 (55%) 18 (69 %) 0.168
Cs + MMF (n, %) 102 (29%) 4 (15.4%) 0.145
BLSM (kPa) 5.4 (4.3-7.08) 11.05 (8.58-15.93) <0.001 50.148 1.204 (1.144-1.267) <0.001
BR at BLSM (n, %) 288 (81%) 10 (39%) <0.001 19. 108 0.172 (0.078-0.378) <0.001
Time from diagnosis to BLSM (yr) 2.19 (1.21-4.98) 1.75 (1.13-3.62) 0.524

ALP, alkaline phosphatase; ALT, alanine aminotransferase; ANA, antinuclear antibodies; Anti-LKM1, anti-liver kidney microsomal antibodies; anti-SLA/LP, anti-soluble liver antigen/
liver pancreas antibodies; AST, aspartate aminotransferase; AZA, azathioprine; BLSM, first liver stiffness measurement after 6 months of treatment initiation; BR, biochemical
response; Cs, corticosteroids; GGT, gamma-glutamyltransferase; HR, hazard ratio; INR, international normalised ratio; mHAI, modified hepatitis activity index; MMF, mycophenolate

mofetil; SMA, smooth muscle antibodies.

Data are expressed as the median (IQR). Univariate analysis was performed by Cox regression.

restricted to patients treated with AZA or MMF (Tables S1
and S2).

Considering the critical role of BR in disease progression,
the same analysis was performed, focusing on patients with a
BR at BLSM. Ten (3%) of the 298 patients included in this
analysis developed cirrhosis. Again, BLSM was significantly
associated with the risk of developing cirrhosis (HR 1.300; 95%
Cl 1.153-1.465; p <0.001) (Table S3).

The AUC of BLSM in the prediction of cirrhosis development
was 0.859 (95% CI 0.789-0.929) with an optimal cut-off point of
8.5 kPa (sensitivity: 81%, specificity: 86%, negative predictive
value: 98%) (Fig. 4A). This cut-off point was confirmed by using
maximally selected rank statistics (Fig. S3). As shown in
Fig. 4B, patients with BLSM greater than 8.5 kPa had a

A HR (95% ClI, p value)
1.161
BLSM kPa 1 ¢ (1.083-1.254, p <0.001)
mHAI ey 1212

(1.062-1.382, p = 0.004)

0.267

A
BR at BLSM (0.095-0.750, p = 0.012)

T | 1
0.0 0.5 1.0 15
HR 95% CI

significantly higher probability of developing cirrhosis during
follow-up (p <0.001).

Variation of LSM during follow-up

Three-hundred and seventy-one patients had at least a sec-
ond LSM after BLSM, with a median number of LSMs per
patient of 3 (range: 2-8). The time between BLSM and the last
LSM was 3.5 years (IQR 1.95-5.79). There was a significant
decrease in liver stiffness from BLSM to the last LSM (6.1 kPa
vs. 5.6 kPa; p <0.001). The variation in liver stiffness (delta, A)
was -0.6 kPa (IQR -2 to 0.9) with a progression rate (ALSM/
year) of -0.13 kPa/year (IQR -0.63 to 0.28) This decrease in
liver stiffness was observed in both patients with and without

B HR (95% CI, p value)

0.096

BLSM <8.45 kPa 4—o (0.033-0.278, p <0.001)

1183
mHAI (1.041-1.345, p = 0.010)
0.278
d —
BRat BLSM (0.107-0.723, p = 0.090)
T T 1
0.0 05 1.0 15

HR 95% CI

Fig. 3. Multivariate Cox regression analysis for cirrhosis development according to BLSM. Two models were performed including statistically significant parameters
in the previous univariate analysis. BLSM (Model 1 = HR 1.161; 95% CI 1.07408-1.24425; p <0.001), BLSM <8.5 kPa (Model 2 = HR 0.096; 95% CI 0.033-0.278), mHAI
(Model 1 = HR 1.212; 95% CI 1.062-1.382; p = 0.004; Model 2 = HR 1.183; 95% CI 1.041-1.345; p = 0.010), and BR at the time of BLSM (Model 1 = HR 0.267; 95% Cl
0.095-0.750; p = 0.012; Model 2 = HR 0.278; 95% CI 0.107-0.723; p = 0.009) were independently associated with the risk of developing cirrhosis during follow-up. BLSM,
baseline liver stiffness measurement; HR, hazard ratio; mHAI, modified hepatitis activity index.
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cirrhosis at BLSM (11.05 kPa vs. 8.8 kPa; p = 0.024 and decrease in patients who developed cirrhosis during follow-
5.8 kPa vs. 5.4 kPa; p = 0.001, respectively), and with or up, patients with poor clinical outcomes, and those without
without BR at the time of BLSM (from a median value of BR at the last follow-up (10.6 kPa vs. 8.3 kPa; p = 1.000,
5.5 kPa to 5.4 kPa; p = 0.007 and 8.5 kPa to 6.6 kPa; 0.005, 15.2 kPavs. 17.1 kPa; p = 0.500, and 7.1 kPa vs. 6.1 kPa; p =
respectively). However, liver stiffness did not significantly 0.727, respectively) (Fig. 5).
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Discussion

In this large multicentre study, analysing over 400 patients with
AIH, we demonstrated that elevated LSM values were associ-
ated with disease progression and unfavourable clinical out-
comes. Furthermore, in patients without cirrhosis at the time of
AlH diagnosis, LSM was also able to predict the development
of cirrhosis during follow-up irrespective of the achievement of
BR. Indeed, a cut-off point of 8.5 kPa for the LSM performed at
least 6 months after treatment initiation had a high discrimi-
native capacity for predicting poor clinical outcomes and
cirrhosis development in patients with AlH.

A recent large retrospective study conducted by the IAIHG
in a cohort of 1,700 patients with AIH determined that after a
median follow-up of 10 years, 14% of patients experienced
liver-related outcomes (death or LT). Non-white ethnicity,
presence of cirrhosis at diagnosis, and lack of CBR at 6 months
of treatment were associated with this composite endpoint.?
However, our study found a much lower rate of poor clinical
outcomes, as less than 2% of patients decompensated,
required LT, and/or died of a liver-related cause. While the
shorter follow-up duration of our study may potentially explain
the differences in outcomes, it is important to note that the
enrolled patients were diagnosed with AlH after the publication
of the clinical practice guidelines in 2010,?° which tightened the
definition of CBR to complete normalization of transaminases
and IgG levels, highlighting the excellent prognosis of AIH when
CBR is achieved.

Despite the relatively small number of poor clinical out-
comes, the findings of our study align with those of previous
reports®’?? in which advanced fibrosis and/or cirrhosis at
diagnosis, low platelet count, and lack of BR during follow-up
were significantly associated with the development of poor
clinical outcomes. In addition, we showed for the first time that
a LSM >8.5 kPa, performed at least 6 months after the initiation
of immunosuppressive treatment, was associated with poor
clinical outcomes. Other variables such as platelet count and
mHAI have also been shown to have excellent discriminative
capacity to predict poor outcomes in our cohort. Unfortunately,
multivariate and subgroup analyses were not feasible due to
the low number of events. Overall, our findings suggest that
similar to what has been demonstrated in patients with PBC,9
LSM seems to play a key role in predicting liver-related out-
comes in AlH.

After having documented the role of LSM in predicting
clinical outcomes, we wanted to evaluate the predictive factors
of developing cirrhosis during follow-up and determine whether
LSM could also predict the risk of fibrosis progression and
cirrhosis development. Patients with advanced fibrosis,
elevated mHAI at baseline liver biopsy, and insufficient
response to immunosuppressive treatment were found to have
a higher risk of developing cirrhosis. These results are in line
with previous research indicating that patients with moderate to
severe portal inflammation, interface hepatitis, and advanced
fibrosis in the liver biopsy are slow responders® and are thus at
risk of fibrosis progression. Despite the relevance of the his-
tological features in the prognosis of AlH, our study highlights
the importance of LSM in predicting cirrhosis, since it was
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associated with the risk of cirrhosis development regardless of
the presence of fibrosis in the initial liver biopsy. Thus, it could
be speculated that despite BLSM being performed after the
first 6 months of treatment, these values may still reflect not
only fibrosis but also some degree of residual liver inflamma-
tion, which is a well-known predictive factor of poor clin-
ical outcomes.®

Follow-up LSM revealed a significant decline in LSM values
across the entire cohort regardless of the presence or absence
of cirrhosis at BLSM. This observation suggests the influence
of inflammation on LSM and highlights how the resolution of
inflammation after starting immunosuppressive therapy im-
proves LSM." Although the decrease in LSM could also be
attributed to fibrosis regression, as previously described,*2°
the lack of follow-up biopsies does not allow this to be accu-
rately demonstrated. Nonetheless, the decrease in LSM is
consistent with our prior findings, showing that a significant
proportion of patients with cirrhosis with or without portal hy-
pertension exhibit low LSM values, especially after long-term
treatment administration.’®> However, it is essential to note
that in patients with poor clinical outcomes and those who
developed cirrhosis during follow-up, LSM did not significantly
decrease (not even in patients with cirrhosis with a BR), sug-
gesting that a lack of improvement in LSM may identify patients
with more established fibrosis and a greater risk of developing
negative outcomes.

We should acknowledge that this study has some limita-
tions. First, it was a retrospective study, leading to variability in
the timing of LSM across patients. However, the study entry
date was the date of the first LSM performed at least 6 months
after treatment initiation, establishing a uniform baseline time
point for all participants, in order to limit the potential effect of
liver inflammation on LSM values. Second, it lacks follow-up
liver biopsies that could histologically confirm the develop-
ment of cirrhosis during follow-up. However, these biopsies are
not routinely performed in clinical practice, and several studies
have shown good performance of liver ultrasound in the
detection of cirrhosis with a sensitivity ranging between 54%
and 84%, and a specificity of between 78%-100%.2572° Third,
the follow-up duration after BLSM was relatively short, a fact
that could potentially underestimate the number of patients
with poor clinical outcomes. Fourth, IgG levels were not
considered for the definition of BR as recommended in current
guidelines.>*%%3" This decision was made because the pres-
ence of cirrhosis may elevate IgG levels and, as a result, un-
derestimate the BR rate, and secondly, recent evidence has
shown that IgG normalization does not significantly increase
the probability of being in histological remission when trans-
aminases are normal.>*? Lastly, BR was evaluated at the time
of LSM and not at the specific timepoints recommended in the
guidelines (6 or 12 months) because the aim was to investigate
the potential impact of liver inflammation on LSM rather than
the effect of BR on outcomes, which has already been estab-
lished previously.

In conclusion, this comprehensive multicentre cohort study
demonstrated that the incidence of poor clinical outcomes in
patients with AIH managed in reference centres adhering to
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stringent response criteria remains notably low. However, LSM
performed 6 months after treatment initiation serves as a pre-
dictive tool for both adverse clinical outcomes and progression
to cirrhosis over a median follow-up period of 4 years.

Liver stiffness measurement in autoimmune hepatitis

Furthermore, our findings suggest that failure to observe a
decrease in LSM during follow-up could delineate a subgroup
of patients at elevated risk for poor outcomes. Multicentre,
prospective studies are needed to corroborate these results.
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Table S1. Predictive factors of cirrhosis development during the follow-up in non-cirrhotic patients at baseline treated with azathioprine.

Variable Cirrhosis development Univariate analysis
No (n=197) Yes (n=10) p value Wald HR (IC 95%) p value

Age at entry(years) 5744-66) 56(43-63) 0.925
Female sex (n, %) 145 (87%) 11 (61%) 0.256
AST (U/L) 535 (128 -1064) 783 (408-1232) 0.195
ALT (U/L) 633 (200-1350) 821 (415 - 1275) 0.526
Total bilirubin (mg/dL) 2.26 (0.85 - 8.90) 7.2 (1.05-14.8) 0.122
ALP (x ULN) 1.08 (0.77 — 1.52) 1.39 (1 - 2.63) 0.044 7.894 | 1.970 (1.228 — 3.163) 0.05
y-GT (U/L) 160 (66 — 275) 157 (87 — 380) 0.416
IgG (g/L) 17 (13.9-22.1) 21 (15.05 - 36.6) 0.075
INR 1.10 (1.03 — 1.22) 1.2 (1.01 - 1.28) 0.415
Platelets (x 103/L) 227 (176 — 276) 200 (147 — 276) 0.169
mHAI

Grade 8(6—-11) 10.5(9.5-12) 0.007 2127 | 1.119(0.962 — 1.301) 0.145

Stage 1(0-1) 1(1-3) 0.047 3.455 1.409 (0.982 - 2.023) 0.063
Fibrosis (n, %) 96 (49%) 12 (67%) 0.075
Advanced fibrosis (n, %) 14 (7.1%) 5(27.7%) 0.002 6.572 | 4.318 (1.411 — 13.125) 0.010
ANA (n, %) 152 (77%) 16 (89%) 0.277
SMA (n, %) 148 (75%) 15 (83%) 0.476




Anti-SLA/LP (n, %) 7 (3.6%) 1(5.5%) 0.675

Anti-LKM-1 (n, %) 1 (0.5%) 0 (0%) 0.756

BLSM (kPa) 53(4.3-7) 10.65 (8.65 - 15.93) | <0.001 29 1.309 (1.187 — 1.443) <0.001
BR at BLSM (n, %) 164 (83%) 10 (56%) <0.001 7.164 0.254 (0.093 — 0.693 0.007
Time from diagnosis to BLSM (years) 2.05(1.16 — 3.81) 1.75 (1.25 -5.73)

Data are expressed as median (IQR).

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; y-GT, y-glutamyl transferase; IgG, immunoglobulin
G; mHAI, modified hepatitis activity index; ANA, antinuclear antibodies; SMA, smooth muscle antibodies; anti-SLA/LP, anti-soluble liver antigen/liver pancreas

antibodies; anti-LKM1, anti-liver kidney microsomal antibodies; Cs, corticosteroids; AZA, azathioprine; MMF, mycophenolate mofetil; BLSM, first liver stiffness
measurement after 6 months of treatment initiation; BR, biochemical response.



Table S2. Predictive factors of cirrhosis development during follow-up in non-cirrhotic patients at baseline treated with mycophenolate.

Variable Cirrhosis development Univariate analysis
No (n=102) Yes (n=4) p value Wald HR (IC 95%) p value

Age at entry (years) 52 (37 - 62) 53 (46 - 61) 0.696
Female sex (n, %) 69 (68%) 3 (75%) 0.757
AST (U/L) 119 (53- 478) 498 (139 — 1059) 0.214
ALT (U/L) 200 (73 - 757) 837 (266 — 1441) 0.187
Total bilirubin (mg/dL) 1.06 (0.6 — 3.66) 7.65(1.2-13) 0.135
y-GT (U/L) 82 (36 - 182) 128 (79 -237) 0.273
IgG (g/L) 15.6 (12 —20.3) 23.6 (14.2-38.4) 0.135
INR 1.05 (0.97 — 1.16) 1.45 (1.05 - 1.86) 0.050
Platelets (x 10%/L) 233 (192 — 273) 222 (66 — 285) 0.570
mHAI

Grade 6(4-8) 8(6-13) 0.176

Stage 1(1-2) 3 (0-4) 0.188
ANA (n, %) 44 (43%) 4 (10%) 0.025
SMA (n, %) 94 (92%) 3 (75%) 0.227
Anti-SLA/LP (n, %) 11 (11%) 0 (0%) 0.488
Anti-LKM-1 (n, %) 8 (8%) 0 (0%) 0.560
BLSM (kPa) 5.3(4.4-6.8) 12.9 (5.9 -21.7) 0.030 6.930 | 1.216 (1.051 — 1.406) 0.008
BR at BLSM (n, %) 80 (80%) 0 (0%) 0.000 1.084 | 0.003 (0.000- 174.616) 0.298
Time from diagnosis to BLSM (years) 2.78 (1.33 - 5.32) 1.92 (1.02-9.77) 0.703




Data are expressed as median (IQR).

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; y-GT, y-glutamyl transferase; IgG, immunoglobulin
G; mHAI, modified hepatitis activity index; ANA, antinuclear antibodies; SMA, smooth muscle antibodies; anti-SLA/LP, anti-soluble liver antigen/liver pancreas
antibodies; anti-LKM1, anti-liver kidney microsomal antibodies; Cs, corticosteroids; AZA, azathioprine; MMF, mycophenolate mofetil; BLSM, first liver stiffness
measurement after 6 months of treatment initiation; BR, biochemical response.



Table S3. Predictive factors of cirrhosis development during the follow-up in patients on BR at the time of BLSM

Variable Cirrhosis development Univariate analysis Multivariate analysis
No (n=288) Yes (n=10) p value Wald HR (IC 95%) p value Wald HR (IC 95%) p value

Age at entry (years) 55 (44-66) 60 (50-63) 0.805
Females (n, %) 203 (71%) 7 (70% 0.974
AST (U/L) 349 (98-1001) 834 (462-1651) 0.070
ALT (U/L) 485 (147-1243) 951 (483-1240) 0.281
Total bilirubin (mg/dL) 1.8 (0.8-8) 12.7 (3.-15.3) 0.024
ALP (x ULN) 0.97 (0.61 — 1.40) 1.55 (1.27-3.35) 0.010 7.674 1.759 (1.189-2.623) 0.006 7.67 1.762 (1.180-2.631) 0.006
y-GT (U/L) 129 (51-253) 148 (98-349) 0.322
I9G (g/L) 16.6 (12.8-21) 23 (13.4-38.5) 0.085
INR 1.10 (1.00-1.22) 1.07 (1.23-1.69) 0.082
Platelets (x 10%/L) 227 (178-275) 196 (137-248) 0.106
mHAI

Grade 8 (6-10) 11 (8-11) 0.026 2.999 1.217 (0.974-1.521) 0.083

Stage 0 (0-2) 0(0-2) 0.789
Advanced fibrosis (n, %) 31 (10.8%) 1(10%) 0.908
ANA (n, %) 198 (68.9%) 9 (90%) 0.163
SMA (n, %) 213 (74.%) 9(90%) 0.272
Anti-SLA/LP (n, %) 16 (5.6%) 1(10%) 0.559
Anti-LKM-1 (n, %) 8 (2.8%) 0 (0%) 0.587
Cs + AZA (n, %) 164 (56.9%) 8 (80%) 0.147




Cs + MMF (n, %) 80 (27.8%) 0 (0%) 0.051
BLSM (kPa) 5.1 (4.3-6.8) 9.8 (6.43-12.48) 0.000 18.430 | 1.300 (1.153-1.465) | <0.001 | 12.147 | 1.291(1.18 —1.490) | <0.001
ALSM (kPa) -0.4 (-1.35-0.95) -0.45 (-5.6 -1.55) 0.609
Time from diagnosis to BLSM (years) 2.22 (1.24-4.91) 2.12 (1.21-6.06) 0.909

Data are expressed as median (IQR).

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; y-GT, y-glutamyl transferase; IgG, immunoglobulin
G; mHAI, modified hepatitis activity index; ANA, antinuclear antibodies; SMA, smooth muscle antibodies; anti-SLA/LP, anti-soluble liver antigen/liver pancreas
antibodies; anti-LKM1, anti-liver kidney microsomal antibodies; Cs, corticosteroids; AZA, azathioprine; MMF, mycophenolate mofetil; BLSM, first liver stiffness
measurement after 6 months of treatment initiation; BR, biochemical response.




Table S4. Variation in liver stiffness measurements during the follow-up in the entire cohort and in different subpopulations.

Variable Overall Cirrhosis at BLSM P Poor outcomes p Cirrhosis during follow-up P
(n=371) Yes (n=48) No (n=323) Yes (n=5) No (n=366) Yes (n=24) No (n=299)

BLSM (kPa) 6 (4.5-8.5) 11.3 (7.6 — 16.05) 5.6 (4.4-7.7) <0.001 | 15.2(10.9 —28.4) 6.1 (4.50 — 8.50) 0.001 10.7 (8.52 — 15.40) 5.5 (4.3-7.3) <0.001
Last LSM (kPa) | 5.6 (4.4-7.3) 8.8 (6.1 —14.25) 5.3(4.3-74) <0.001 | 17.1 (14 -24.75) 5.6 (4.4 -7.23) <0.001 | 8.4 (6.85-14.30) 53(4.2-6.5) <0.001
A (kPa) -0.55 (-2-0.9) -1.4 (-4.05 - 1.00) -0.50 (-1.7 — 1.00) 0.078 1.70 (-4.55 - 4.10) -0.60 (-2.00 — 0.90) | 0.121 -0.45 (-5.18 — 5.75) -0.5(-1.6 — 0.83) 0.798
ALSMlyear -0.13 (-0.63 - 0.28) | -0.51 (-1.56 — 0.26) -0.11 (-0.55-0.29) | 0.014 0.42 (-1.37 - 1.64) -0.13(-0.61-0.28) | 0.155 | -0.08 (-0.75 - 1.62) -0.11 (-0.54 — 0.26) | 0.478
Time from 3.50 (1.94-5.78) 3.02 (1.82 -4.81) 2.57 (1.94 -5.95) 0.211 3.46 (2.44 — 4.64) 3.51(1.94 -5.81) 0.774 5.11 (2.45-7.10) 3.52 (1.89 - 5.79) 0.052
BLSM to last
LSM (years)

Data are expressed as the median (IQR).

Abbreviations: LSM,; liver stiffness measurement; BLSM, first liver stiffness measurement after 6 months of treatment initiation); A, variation in LSM from
BLSM and last LSM; ALSM/year, variation in LSM per year
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Fig. $1. Discriminative capacity of platelet count, mHAI, and ALT for predicting poor clinical outcomes.
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Fig. S$2. Lack of impact of time between diagnosis and BLSM and IgG at baseline in the risk of developing cirrhosis.
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Fig. $3. Maximally selected rank statistics confirm the 8.5 kPa cutoff point in the prediction of cirrhosis development.
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