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1  | INTRODUC TION

Autoimmune hepatitis (AIH) is an immune- mediated necro- 
inflammatory liver disease affecting all ages, genders and ethnic 
groups.1,2 Clinically, the spectrum of presentation at diagnosis is 
broad, ranging from mild subclinical disease to an acute disease 
course in 20%, even leading to fulminant liver failure.3,4 Acute 
severe- AIH (AS- AIH) has been defined as acute onset of jaundice 
(<30 days) and an international normalised ratio (INR) ≥1.5 in pa-
tients without known chronic liver disease.4,5 AS- AIH has been 
scarcely characterised and its actual prevalence might have been 
underestimated owing to the difficulty of achieving an accurate di-
agnosis.6– 8 In 50%– 60% of patients, AS- AIH progress to acute liver 
failure (ALF), which has a dismal prognosis with death rates as high 
as 20% and a need for liver transplantation in 20%.5,9– 11 The risk 
of this progression is unknown, and there is much controversy over 
the factors that can modify outcomes, including treatments. Current 
guidelines recommend a trial with corticosteroids with subsequent 
reference to emergency liver transplantation in case of failure to im-
prove within the first 7– 14 days.2,5 This approach means that liver 
transplantation could be unnecessarily delayed and therapy pro-
longed in patients unlikely to respond to corticosteroids. Further, 
immunosuppression could increase the risk of infection and compro-
mise prognosis and liver transplantation.12– 14 A recent multicentric 
French study has shown the accuracy of the response to 3- days of 

corticosteroids to predict liver transplantation or death in patients 
with AS- AIH and has provided a new score (SURFASA score) to iden-
tify non- responders.15 We propose that a model able to identify fac-
tors that can be assessed as soon as possible to predict the response 
to corticosteroids will be crucial for decision- making.

The aims of our study were, therefore: (i) to assess whether 
corticosteroids improve prognosis and (ii) to identify factors at pre-
sentation and early during therapy that could serve to predict the 
individual response to this therapy.

2  | PATIENTS AND METHODS

2.1 | Study design and patients

This retrospective cohort study was conducted at 13 Spanish tertiary 
centres from January 2002 to January 2019. All consecutive adults 
diagnosed with AS- AIH were included. AS- AIH was defined as (i) 
acute hepatic dysfunction (<3 months) as confirmed by an INR ≥1.5 
at the time of presentation; (ii) no known history of chronic liver dis-
ease, and (iii) fulfilling simplified International Auto- Immune Hepatitis 
Group (IAHG) criteria for a diagnosis of “probable” or “definite” AIH.8 
Patients with an INR ≥1.5 and hepatic encephalopathy were subclas-
sified as having ALF- AIH.5 A favourable corticosteroid response was 
defined as the absence of death or liver transplantation within 90 days 
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Summary
Background and Aims: To assess whether corticosteroids improve prognosis in pa-
tients with AS- AIH, and to identify factors at therapy initiation and during therapy 
predictive of the response to corticosteroids.
Methods: This was a retrospective cohort study including all patients with AS- AIH 
admitted to 13 tertiary centres from January 2002 to January 2019. The compos-
ite primary outcome was death or liver transplantation within 90 days of admission. 
Kaplan– Meier and Cox regression methods were used for data analysis.
Results: Of 242 consecutive patients enrolled (mean age [SD] 49.7 [16.8] years), 203 
received corticosteroids. Overall 90- day transplant- free survival was 61.6% (95% con-
fidence interval [CI] 55.4– 67.7). Corticosteroids reduced the risk of a poor outcome 
(adjusted hazard ratio [HR] 0.25; 95% CI 0.2– 0.4), but this treatment failed in 30.5%. 
An internally validated nomogram composed of older age, MELD, encephalopathy 
and ascites at the initiation of corticosteroids accurately predicted the response (C- 
index 0.82; [95% CI 0.8– 0.9]). In responders, MELD significantly improved from days 
3 to 14 but remained unchanged in non- responders. MELD on day 7 with a cut- off 
of 25 (sensitivity 62.5%[95% CI: 47.0– 75.8]; specificity 95.2% [95% CI: 89.9– 97.8]) 
was the best univariate predictor of the response. Prolonging corticosteroids did not 
increase the overall infection risk (adjusted HR 0.75; 95% CI 0.3– 2.1).
Conclusion: Older patients with high MELD, encephalopathy or ascites at steroid 
therapy initiation and during treatment are unlikely to show a favourable response 
and so prolonged therapy in these patients, especially if they are transplantation can-
didates, should be avoided.

 13652036, 2022, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/apt.16926 by U

niversidad A
utonom

a D
e M

adrid, W
iley O

nline L
ibrary on [02/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

mailto:agustin.albillos@uah.es


     |  133TÉLLEZ et al.

of admission.16 The study protocol adhered to the principles of the 
Declaration of Helsinki and was approved by the Ethics Committees 
for Clinical Research of all the participating centres (Institutional re-
view board code: HRC 070/18). The study was performed accord-
ing to the STROBE (Strengthening the Reporting of Observational 
Studies in Epidemiology) statement.17 The need for written informed 
consent was waived due to the retrospective nature of the study.

2.2 | Study outcomes, procedures and variables

Our primary outcome was a composite of death or liver transplan-
tation within 90 days of hospital admission.15 Secondary outcomes 
included histological markers of severity and the risk of infection 
during the first 90 days. A dedicated database was created and de-
mographic, clinical and laboratory information was retrospectively 
obtained from paper and electronic records from the in- hospital, 
emergency department and primary healthcare databases at each 
centre. Patients were screened to rule out other causes of ALF, in-
cluding Wilson’s disease. We considered the results of viral serol-
ogy with immunoglobulin G and M (IgG and IgM) for Hepatitis A, 
B and E, Herpes simplex, Epstein– Barr virus and Cytomegalovirus 
(CMV), as well as the determination of hepatitis C RNA. All poten-
tially hepatotoxic drugs administered within the previous 3 months 
were evaluated to rule out drug- induced liver injury. Abdominal ul-
trasound was performed in all patients. Ascites was considered pre-
sent from grade 1 (i.e., only detectable by ultrasound examination).18 
Serum IgG and specific AIH- related antibodies were measured in all 
patients. Laboratory parameters of serum creatinine, total bilirubin, 
aspartate aminotransferase (AST), alanine aminotransferase (ALT), 
INR and platelet count were recorded at admission, at initiation 
and at days 3, 7 and 14 of corticosteroid therapy. Clinically relevant 
events (ascites and hepatic encephalopathy) were assessed at each 
of the established time points, and the model for end- stage liver 
disease (MELD) score was calculated.19 Diagnosis of infection was 
based on clinical, radiological and laboratory findings, as detailed in 
supporting information. Finally, histological information indicative of 
AIH (portal lymphoplasmacytic infiltration, interface hepatitis, cen-
tral venulitis, hepatocyte rosettes and emperipolesis) was obtained 
from liver biopsies and explants.2 Liver fibrosis was graded 0– 4 fol-
lowing the METAVIR score; grades 3 and 4 were taken to denote 
severe fibrosis.20 Necrosis was classified as absent, mild– moderate 
and severe (bridging necrosis or massive/submassive necrosis). The 
decision to initiate corticosteroids, dosing and route of administra-
tion was at the discretion of the physician in charge.

2.3 | Statistical analysis

Quantitative variables are expressed as the mean and standard devia-
tion (SD) or the median and interquartile range (first quartile- third quar-
tile) when skewed. Normality was tested through distributional graphs 
and the Shapiro– Wilk’s test. Frequency counts and percentages were 

used for categorical data. Continuous variables were compared using 
parametric (t- test), and non- parametric tests (Mann– Whitney U test) 
when appropriate. Chi- squared and Fisher’s exact tests were used 
for categorical data. Cumulative incidences were calculated by the 
Kaplan– Meier method. To assess the impact of corticosteroids on 90- 
day transplant- free survival, we selected confounders based on prior 
knowledge instead of a data- driven approach. Thus, we adjusted for 
age, liver function (MELD score), sex and the presence of ascites and 
hepatic encephalopathy. We tested first- order interactions via a global 
likelihood ratio test. In the second stage, predictors of a poor outcome 
and lack of response to corticosteroids (death or liver transplantation 
within the 90 first days) were assessed by univariate and multivariate 
survival analysis with Cox’s regression. To minimise the risk of a type I 
error, we only considered variables that were readily available, repro-
ducible and had a plausible pathophysiological link to the outcome of 
interest. Variables found to be significant (p < 0.05) were considered in 
the final multivariate models. Finally, a nomogram model was devel-
oped and internally validated via bootstrapping with 200 resamples. 
The predictive performance of our nomogram was assessed through 
Harrell’s concordance index (C- index) and calibration plots. Additional 
information is detailed in supporting information.

Based on previous data and expert opinion, we performed the 
following exploratory analyses: (i) the value of dynamic changes in 
liver function to predict response to corticosteroids; (ii) the use-
fulness of MELD score as a single parameter and the accuracy of 
new multivariate predictive models relying on data obtained at 
days 3 and 7 of treatment; (iii) the benefits of adding histologi-
cal findings in predicting the response to corticosteroids and (iv) 
the impact of corticosteroids on the risk of infection. These anal-
yses included the development of new predictive models, which 
were constructed using the same approach as described above. 
For the histological analysis, we only included those samples ob-
tained before the initiation of corticosteroids. For the infection 
risk analysis, patients diagnosed with infection at admission were 
excluded. Additionally, we assessed the performance in our popu-
lation of the SURFASA score developed by De Martin et al. based 
on data from a multicenter French cohort of patients with AS- AIH: 
−6.80 + 1.92 × (D0- INR) + 1.94× (∆%3- INR) + 1.64 × (∆%3- bilirubin).15

All tests were two- tailed. Significance was set at p < 0.05. Data 
were analysed at the promoting institution (Hospital Universitario 
Ramón y Cajal, Madrid, Spain) using STATA software 14.1 (StataCorp.).

3  | RESULTS

3.1 | Patient baseline characteristics

Of 253 patients with probable or definitive AS- AIH identified, 242 
fulfilled all the selection criteria and presented 90- day follow- up 
data (Figure 1, study flowchart). The mean age of the 242 partici-
pants was 49.6 (16.8) years, 180 (74.4%) were female, 199 (82.2%) 
tested positive for ANA, smooth muscle antibodies (SMA), or LKM- 1 
and 156 (64.5%) showed increased serum IgG levels. The diagnosis 
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of AIH was considered probable or definitive in 130 (53.7%) and 112 
(46.3%) patients, respectively.

On admission, all participants had impaired liver function with 
mean bilirubin of 14.5 (8.7) mg/dl, INR of 2.1 (0.8) and a MELD score 
of 24 (5). Ascites was present in 22 (21.5%), and 33 (13.6%) debuted 
with hepatic encephalopathy, which was graded III or IV in only 6 
(2.5%). In consequence, 33 (13.6%) fulfilled the criteria for ALF on 
admission. Additional clinical and analytical baseline characteristics 
are provided in Table 1.

Two hundred and three patients (83.9%) received corticosteroids, 
with an initial mean dose of predniso(lo)ne of 58 (12) mg per day, 
mostly administered intravenously (59.1%). Most patients (79.8%) 
were treated with the standard dose of predniso(lo)ne of 1.0 mg/
kg day, 18.2% with a dose of 0.5 mg/kg day, and only four patients 
received high doses (1.5 mg/kg.day) of methylprednisolone. The me-
dian time from admission to initiation of corticosteroids was 4 (2– 8) 
days, and 90 (44.3%) patients were treated within the first 3 days of 
admission (early treatment). The 39 (16.1%) untreated patients had 
worse liver function on admission, as shown by higher bilirubin lev-
els, INR, MELD scores and prevalence of hepatic encephalopathy. 
Laboratory, demographic, clinical and histological characteristics of 
treated and untreated patients are summarised in Table 1.

3.2 | Transplant- free survival and mortality

Of 72 patients with AS- AIH (29.8%) listed for emergency liver transplan-
tation, 7 died on the waiting list, and 4 were delisted due to significant 
improvement. Thus, 61 patients (25.2%) were eventually transplanted. 
The median time from admission to wait listing was 8 (3– 14) days, and 

10 of 61 (16.4%) underwent liver transplantation within 3 days (median 
time from admission to transplantation 11 [5– 26] days). Thirty- seven 
patients (15.3%) died within 90 days of admission, including 5 in the 
early postoperative period. The median time from admission to death 
was 29 (15– 39) days. The overall 90- day transplant- free survival was 
61.6% (95% CI 55.4– 67.7%). In the subset of patients fulfilling ALF cri-
teria on admission, this rate decreased to 21.1% (95% CI 5.5– 35.9%).

3.3 | Effect of corticosteroid therapy on outcomes

Ninety- day transplant- free survival in patients treated with corticoster-
oids was significantly higher than in untreated patients (69.5% [95% CI 
63.1– 75.8] vs 20.5% [95% CI 7.2– 33.8], p < 0.01) (Figure S1). As shown in 
Table 2, the benefit of corticosteroids was independent of sex, age, liver 
function (MELD score at baseline), and presence of hepatic encepha-
lopathy on admission (HR 0.25 [95% CI 0.2– 0.4], p < 0.01). We observed 
remission of hepatic encephalopathy in response to corticosteroids in 
7 of 23 (30.4%) treated patients fulfilling ALF criteria on admission, 
yet this effect was not noted in any untreated patient. In contrast, the 
beneficial effect of corticosteroids on outcome was not observed in 
patients with any grade of ascites on admission (adjusted HR 0.61 [95% 
CI 0.3– 1.3]; p = 0.22), which indicates a different effect of steroids de-
pending on ascites presence (first- order interaction p < 0.01).

3.4 | Response to corticosteroid therapy

Treatment failed in 62 (30.5% [95% CI 24.2– 36.9]) out of the 
203 patients receiving corticosteroids: 32 patients (15.8%) were 

F I G U R E  1   Patient recruitment flowchart. AS- AIH, acute severe autoimmune hepatitis; LT, Liver transplantation
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Variable All (n = 242)
Treated 
(n = 203)

Untreated 
(n = 39) p value

Age, years 49.6 (16.8) 50.4 (16.9) 45.0 (15.6) 0.07

Female sex 180 (74.4%) 147 (72.4%) 33 (84.6%) 0.16

Arterial hypertension 42 (17.4%) 36 (17.7%) 61 (15.4%) 0.82

Diabetes Mellitus 14 (5.8%) 12 (5.9%) 2 (5.1%) 1.0

Extrahepatic autoimmune 
disease

47 (19.4%) 42 (20.7%) 5 (12.8%) 0.38

Alcohol consumption 
(>20– 30 g/day)

11 (4.5%) 11 (5.4%) 0 (0%) 0.22

Laboratory

Total bilirubin (mg/dl) 14.5 (8.7) 13.7 (7.6) 18.9 (12.1) 0.01

Creatinine (mg/dl) 0.82 (0.45) 0.81 (0.41) 0.89 (0.60) 0.28

AST (IU/L) 1373 (878) 1377 (879) 1359 (1073) 0.92

ALT (IU/L) 1309 (950) 1300 (928) 1358 (1073) 0.75

Albumin (g/L) 2.9 (0.6) 2.9 (0.6) 2.9 (0.5) 0.72

Platelets × 103/mm3 193 (83) 189 (81) 218 (89) 0.07

INR 2.1 (0.8) 2.0 (0.6) 2.6 (1.3) <0.01

MELD score 24 (5) 23 (5) 27 (7) <0.01

Clinical presentation

Ascites (any grade) 52 (21.5%) 40 (19.7%) 12 (30.8%) 0.14

Hepatic encephalopathy

Absent 209 (86.4%) 180 (88.7%) 29 (74.4%) 0.04

Grade 1– 2 27 (11.2%) 19 (9.4%) 8 (20.5%)

Grade 3– 4 6 (2.5%) 4 (2.0%) 2 (5.1%)

Immunological features

Seropositive 199 (82.2%) 167 (82.3%) 32 (82.1%) 0.56

ANA 176 (72.7%) 152 (74.9%) 24 (61.5%) 0.12

LKM- 1 12 (72.7%) 8 (3.9%) 4 (10.3%) 0.11

SMA 88 (36.4%) 75 (36.9%) 13 (33.3%) 0.72

IgG concentration 2381 (1491) 2430 (1501) 2123 (832) 0.22

IgG elevated (>1600 mg/dl) 156 (64.5%) 127 (62.6%) 29 (74.4%) 0.11

Histological features

Number of patients 155 134 21

Interface hepatitis 109 (70.3%) 99 (73.9%) 10 (47.6%) 0.02

Portal inflammation 
(lymphoplasmacytic)

84 (54.2%) 77 (57.5%) 7 (33.3%) 0.06

Emperipolesis 32 (20.6%) 27 (20.1%) 5 (23.8%) 0.17

Hepatocyte rosetting 55 (35.5%) 50 (37.3%) 5 (23.8%) 0.45

Centrilobular venulitis 108 (69.7%) 40 (29.9%) 7 (33.3%) 0.36

Severe necrosis 85 (54.8%) 68 (50.7%) 17 (81.0%) <0.01

Severe fibrosis (grade 3– 4) 35 (22.5%) 32 (23.8%) 3 (14.3%) 0.23

Note: Numbers represent absolute values or means with rates or standard deviations in 
parenthesis, respectively.
p < 0.05 are indicated in bold.
Abbreviations: ANA, antinuclear antibodies; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; INR, International normalised ratio; LKM- 1, liver kidney microsomal type 1; 
MELD, model for end- stage liver disease; SMA, smooth muscle antibodies.

TA B L E  1   Clinical, histological and 
analytical characteristics at baseline
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transplanted, and 33 (16.3%) died, 3 of them after transplantation. 
In the univariate analysis, older age, male sex, worse liver function 
and the presence of ascites and hepatic encephalopathy recorded 
upon initiation of corticosteroids increased the risk of treatment 
failure. In Cox’s regression model, the factors emerging as predic-
tors of a poor response were: older age (HR 1.02 [95% CI 1.0– 1.1]; 
p < 0.01), MELD score (HR 1.2 [95% CI 1.1– 1.3]; p < 0.01), the pres-
ence of hepatic encephalopathy (HR 2.3 [95% CI 1.3– 4.2]; p < 0.01) 
and ascites (HR 2.1 [95% CI 1.2– 3.8]; p < 0.01) at initiation of corti-
costeroids. In contrast, the early administration (<3 days after ad-
mission) and dose or route of corticosteroids had no impact on the 
primary outcome (Table 3). The mean dose of corticosteroids was 
similar in responders and non- responders (57[13] vs 60[11] mg/
day), and the intravenous route was even more frequently used 
in non- responders (75 vs 54%). Neither the dose (p = 0.14) nor 
the administration route (p = 0.23) was selected as predictors of 
response during the multivariate modelling as detailed in Table S1. 
A predictive nomogram based on the final model is provided in 
Figure 2A. The model showed good accuracy in estimating the 90- 
day risk of death or liver transplantation, with a C- index of 0.82 
(95% CI 0.77– 0.87) (Figure 3A). Calibration at days 7 and 14 of 
treatment, and days 30 and 90 post- admission was good as shown 
in (Figure 3B– E).

3.5 | Changes in liver function during 
corticosteroids

In a sensitivity analysis, changes in liver function at different time 
points after the onset of therapy were explored. Figure 4 shows 
that MELD significantly improved in responders as early as on day 

3 of treatment (mean ΔMELD3– 2.5 [2.5]), and further on days 7 
(meanΔMELD7– 5.0 [3.1]) and 14 of treatment (mean ΔMELD14– 7.7 
[4.2]). In contrast, mean MELD did not significantly change be-
tween initiation of corticosteroids and any of these time points 
in non- responders (ΔMELD3 + 0.8 [3.5]; ΔMELD7 + 0.4 [4.1]; Δ
MELD14 + 0.8 [5.1], respectively). The 90- day transplant- free 
survival rates in patients without MELD improvement at treat-
ment days 3 and 7 were as low as 38.5% and 18.8%, respectively 
(Figure S2). Interestingly, no statistically significant differences in 
the time- dependent AUC at 90- day transplant- free survival were 
found between the absolute value of MELD, %ΔMELD and ΔMELD 
on days 3 and 7 after treatment onset (Figure S3 and Table S2). 
In our cohort, the best univariate predictor of response was the 
absolute value of MELD on day 7 of corticosteroids. The cut- off of 
25 points showed a good specificity and negative predictive value 
(sensitivity 62.5% [95% CI: 47.0– 75.8]; specificity 95.2% [95% CI: 
89.9– 97.8]; positive predictive value 80.6%; negative predictive 
value 89.9%).

Two multivariate predictive models based on information at days 
3 and 7 of treatment were developed. One hundred and sixty- three 
of the 203 (80.3%) patients on corticosteroids were alive without 
liver transplantation on day 7 of treatment. In the multivariate anal-
ysis, MELD and the presence of hepatic encephalopathy and ascites 
on day 7 were independently related to treatment failure (Table 3). 
In consequence, a predictive nomogram based on this model is pro-
vided in Figure 3B. This model showed high accuracy (C- index 0.91 
[95% CI: 0.87– 0.95]) to predict a poor outcome (Figure S4). In con-
trast, the C index of the predictive model developed at day 3 of cor-
ticosteroids was slightly lower (0.85 [95% CI: 0.81– 0.89]) (Table S3). 
Incorporating ΔMELD on days 3 and 7 did not improve the perfor-
mance of the models (Table S4).

In an additional analysis designed to examine the performance of 
the SURFASA score in our cohort,15 good discrimination capacity to 
identify non- responders was observed (AUC 0.85, 95% CI 0.78– 0.91), 
but poor calibration (Hosmer– Lemeshow p < 0.001) (Figure S5).

3.6 | Predictive value of histological parameters

One hundred and fifty- five (64.1%) patients had a liver biopsy prior 
to the initiation of corticosteroids and were included in this sub- 
analysis. The median time from admission to liver biopsy was 3 (1– 7) 
days, and most were performed by the transjugular route (77.4%). 
Main histological data are provided in Table 1. Histological findings 
on liver biopsy were critical for the diagnosis of AIH in 103 of the 
242 patients (42.3%).

In our series, the only histological feature associated with a 
poor outcome in the univariate and multivariate analysis was the 
presence of severe necrosis (HR 5.67 [95% CI 1.6– 6.2]; p < 0.01) 
but not the presence of severe liver fibrosis (HR 1.18 [95% CI 0.6– 
2.2]; p = 0.61) (Table S5). The inclusion of histological variables 
did not significantly change the predictive ability of the models (C 
index: 0.80).

TA B L E  2   Effect of corticosteroids on 90 days transplant- free 
survival based on baseline variables (determined at admission)

Variable Hazard ratio (95% CI); p value

Age, years 1.00 (0.9– 1.0); 0.84

Female sex 0.64 (0.4– 1.0); 0.05

MELD score 1.11 (1.1– 1.2); <0.01

Hepatic 
encephalopathy 
(any grade)

2.18 (1.3– 3.6); <0.01

Corticosteroid 
therapy

0.25 (0.2– 0.4); <0.01a/0.61 (0.3– 1.3); 0.22b

High volume 
transplant 
centrec

1.41 (0.8– 2.4); 0.21

Ascites 0.56 (0.25– 1.7); 0.16

Note: Significant interaction between corticosteroids and ascites: 
aHazard ratio for patients without ascites; bHazard ratio for patients 
with ascites. cHigh volume transplant centre = ≥15 liver transplants due 
to AS- AIH during the study period.
p < 0.05 are indicated in bold.
Abbreviation: MELD, model for end- stage liver disease.
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3.7 | Risk of systemic infection

Infection was present on admission in three patients and developed 
during hospitalisation in 40 (Table S6). Thirty- nine episodes of a bac-
teriologically proven infection were recorded in 34 patients. Urinary 
tract infection was the most frequent (9 episodes), followed by pri-
mary bacteremia (8 episodes) and spontaneous bacterial peritonitis 
(7 cases). Five patients developed a viral infection (4 CMV reactiva-
tion and 1 pneumonia due to H1N1 influenza virus), and 7 suffered 
invasive aspergillosis.

The cumulative incidence of infection during hospitalisation was 
16.5% (95% CI 11.8– 21.2), and the median time from admission was 
18 (5– 30) days. The incidence of infection was similar in patients 
treated and not treated with corticosteroids (Figure S6). As many 
as 12 of the 40 (30.0%) patients with infection had not received 
corticosteroids. Remarkably, the seven patients with invasive asper-
gillosis had all received corticosteroids (univariate p = 0.24) for at 
least 7 days (median time from treatment onset to the diagnosis of 
aspergillosis 18 [11– 34] days). After adjusting by MELD score, age, 
sex, ascites and hepatic encephalopathy at admission, corticosteroid 

TA B L E  3   Predictors of response to corticosteroids at initiation and at day 7 of corticosteroids

Variable Responders Non- responders
Univariate 
p- values

Cox’s multivariate regression model 
Hazard ratio (95% CI); p value

At initiation of corticosteroids N = 141 N = 62

Age, years 48.0 (16.4) 55.9 (17.0) <0.01 1.02 (1.0– 1.1); <0.01

Female sex 111 (78.7%) 36 (58.1%) <0.01

Diabetes Mellitus 8 (5.7%) 4 (6.5%) 0.76

Alcohol consumption (>20– 30 g/day) 6 (4.3%) 5 (8.1%) 0.32

AST 1401 (751) 1309 (1087) 0.55

ALT 1366 (913) 1150 (953) 0.14

Total bilirubin (mg/dl) 14.8 (8.4) 18.7 (8.6) <0.01

Creatinine (mg/dl) 0.76 (0.33) 1.02 (0.63) <0.01

INR 1.8 (0.5) 2.4 (0.9) <0.01

MELD score 22 (4) 27 (5) <0.01 1.17 (1.1– 1.3); <0.01

Ascites (any grade) 13 (9.2%) 27 (43.3%) <0.01 2.08 (1.2– 3.8); <0.01

Hepatic encephalopathy (any grade) 7 (5.0%) 16 (25.8%) <0.01 2.29 (1.3– 4.2); <0.01

Early corticosteroids (<3 days) 60 (42.6%) 30 (48.4%) 0.45

Dose of corticosteroids, mg per day 57 (13) 60 (11) 0.24

Route of corticosteroids 
(intravenous)

76 (53.9%) 45 (75.0%) 0.14

At day 7 of corticosteroids N = 125 N = 42

Age, years 47.4 (11.7) 58.5 (9.4) <0.01

Female sex 101 (80.8%) 18 (42.9%) <0.01

Diabetes Mellitus 7 (5.6%) 3 (7.1%) 0.76

Alcohol consumption (>20– 30 g/day) 6 (4.8%) 5 (11.9%) 0.32

Total bilirubin (mg/dl) 8.8 (6.8) 18.6 (9.6) <0.01

Creatinine (mg/dl) 0.79 (0.77) 1.13 (1.11) 0.04

INR 1.4 (0.3) 2.4 (1.2) <0.01

MELD score 17 (4) 26 (6) <0.01 1.16 (1.1– 1.2); <0.01

%ΔMELD −22 (13) 1.6 (16) <0.01

Ascites (any grade) 8 (6.4%) 27 (63.3%) <0.01 3.26 (1.4– 7.6); <0.01

Hepatic encephalopathy (any grade) 4 (3.2%) 27 (63.4%) <0.01 3.63 (1.7– 7.8); 0.01

Early corticosteroids (<3 days) 58 (46.4%) 20 (47.6%) 0.45

Dose of corticosteroids, mg per day 57 (13) 60 (11) 0.24

Route of corticosteroids 
(intravenous)

73 (58.4%) 29 (42) 0.14

Note: Numbers represent absolute values or means with rates or standard deviations in parenthesis, respectively.
p < 0.05 are indicated in bold.
Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; MELD,: model for end- stage liver disease; INR, International 
normalised ratio.
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therapy did not negatively impact the risk of infection (HR 0.75 [95% 
CI 0.3– 2.0]; p = 0.57) (Table S6). Among treated patients, a worse 
liver function, higher dose of corticosteroids and the presence of 
ascites and encephalopathy at treatment onset increased the risk 
of infection in the univariate analysis (Table S7). In Cox’s regression 

model, only MELD score (HR 1.16 [95% CI 1.1– 1.3]; p < 0.01), and 
ascites (HR 2.12 [95% CI 1.0– 4.4]; p = 0.04) at treatment onset 
emerged as predictors of infection. The model showed moderate 
accuracy in estimating the infection risk, with a C- index of 0.74 (95% 
CI 0.65– 0.84).

F I G U R E  2   Nomogram to estimate the risk of treatment failure. (A) Nomogram at the initiation of treatment; (B) nomogram at day 7 
of treatment. To use the nomogram, we first draw a line from each parameter value to the score axis for the score. The points for all the 
parameters are then added. Finally, a line from the total score points axis is drawn to the lower line of the nomogram to obtain the predicted 
90- day transplant- free survival. MELD: Model for end- stage liver disease

(A)

(B)
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4  | DISCUSSION

In this nationwide retrospective study, we analysed predictive fac-
tors associated with a poor response to corticosteroid treatment in 
the largest series of patients with AS- AIH examined to date. Our find-
ings revealed that: (i) corticosteroids improved 90- day transplant- 
free survival, but up to one- third of patients were unresponsive to 

them, (ii) older patients with poor liver function, ascites or encepha-
lopathy at the initiation of treatment were unlikely to respond, (iii) a 
lack of improvement in liver function after 7 days of corticosteroids 
was highly predictive of treatment failure and (iv) prolonging cor-
ticosteroids in non- responders emerged as unlikely to modify the 
course of events and should be avoided in patients listed for liver 
transplantation.

F I G U R E  3   Calibration of a prognostic model. (A) Calibration plots of the nomogram at the initiation of treatment predicting 90- day 
transplant- free survival. (B– E) calibration plots of the nomogram at the initiation of treatment for predicting the corticosteroid therapy 
response at different time points: (B) 7 days of treatment; (C) 14 days of treatment; (D) 30 days after admission; (E) 90 days after admission. 
We plotted smoothed pseudovalues with point- wise 95% confidence intervals against predicted event probabilities. The straight line is the 
line of identity, denoting perfect calibration

(A) (B) (C)

(D) (E)

F I G U R E  4   Changes in MELD scores during corticosteroid therapy. MELD, model for end- stage liver disease. (A) Corticosteroid 
responders; (B) Corticosteroid non- responders

(A) (B)
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Corticosteroids remain the cornerstone treatment of AIH as re-
mission rates approach 60– 80%.15,21,22 However, their beneficial 
effects in patients with acute and severe presentations have been a 
matter of debate. Our results definitively confirm that the usefulness 
of this treatment extends to this scenario, in which corticosteroids 
were found to raise transplant- free survival by 3.4- fold. The survival 
rate of non- responders was as low as those untreated, which high-
lights a need for accurate scores for early response prediction. As 
independent predictors of treatment failure, we identified an older 
age, high MELD, encephalopathy and ascites at treatment initiation. 
Our results from the largest cohort to date are consistent with the 
findings of others, confirming that poor liver function and enceph-
alopathy are linked to higher mortality.15,22– 24 In fact, patients with 
ALF showed the worst response to treatment as their transplant- 
free survival was as low as 21.1%. However, in up to one- third, 
encephalopathy was reversed by treatment. Thus, the isolated pres-
ence of encephalopathy should not preclude corticosteroid use, un-
less other factors are present. Specifically, ascites was found to be 
a strong modifier of the effect of corticosteroids, as supported by 
the interaction effect of both variables on transplant- free survival. 
Distinctively, our study incorporates a nomogram that can estimate 
the survival probability of an individual before initiation of therapy 
with a C- index of 0.82. The nomogram allows the assessment of the 
readily available prognostic variables identified in a single time point 
and as early as possible in the course of the disease, which are cri-
teria of quality of a predictive model. Our nomogram can be used 
shortly after admission to accurately identify a patient unlikely to 
respond to treatment and represents a quantitative tool for clinical 
decision- making at the bedside. Patients can then be considered for 
an early referral or diagnostic work- up for liver transplantation.

Despite the accuracy of our nomogram, patients with AS- AIH 
and a low probability of response should receive corticosteroids, as 
avoiding this treatment was linked to the worst prognosis (transplant- 
free survival of 20.5%), and there are no other therapeutic options. 
Because of this, we also examined whether changes in liver function 
when under treatment with corticosteroids could improve the pre-
dictive capacity of the nomogram. MELD improved as early as day 
3 of therapy in responders but remained unchanged on days 3, 7 
and 14 in non- responders. The AUC to identify a non- response to 
7 days of corticosteroids was 0.90 for the absolute value of MELD 
(MELD7), non- significantly greater than 0.86 for ∆MELD7, and 0.89 
for %∆MELD7. The probability of responding to corticosteroids in 
patients with MELD7 ≤25 on treatment day 7 was 90% (sensitivity 
62.5%, specificity 95.2%), and the risk of dying (or being transplanted) 
if MELD7 was above 25 was as high as 81%. We, therefore, incor-
porated MELD, ascites and encephalopathy on treatment day 7 in 
a new nomogram to very accurately assess the individual response 
probability (C- index of 90). Worsening of liver function as assessed 
by changes in bilirubin, INR, MELD or MELD- Na on treatment days 
3– 7 has also been identified in shorter patient series as predictive of 
a poor prognosis.25,26 Our results are in line with those of a recent 
large retrospective multicenter French study in 128 patients with 
AS- AIH. The ability of a score comprising INR before corticosteroids 

and changes in INR and bilirubin on treatment day 3 to predict death 
or transplantation within 3 days of corticosteroids was assessed with 
an AUC of 0.93. The SURFASA score tested on our cohort showed 
good accuracy to identify treatment failure at day 3 of treatment, 
but rather a poor calibration probably reflecting overfitting of the 
model due to the smaller size of the French cohort.15 The accuracy 
of the scores used on days 3 or 7 of treatment in the French study 
could not be compared because of missing data. We, nevertheless, 
identified the MELD on day 7 as a powerful bedside tool to identify 
patients likely to show poor survival. The better performance of the 
model at day 7 is probably due to the greater prognostic information 
provided by adding dynamic variables. We cannot completely discard 
the contribution to this observation of a smaller sample size due to 
the loss of high- risk patients that did not reach the day 7 time- point. 
However, we consider this reason unlikely as the number of patients 
that reached day 7 with complete clinical information was quite large, 
and the performance of the model at day 3 was slightly worse al-
though more patients reached this time point. Inclusion in our model 
of variables with predictive meaning at a single time point instead of 
the change in their value from admission (∆values) was intended to 
facilitate its use for clinicians because incorporating ∆MELD in mul-
tivariable models did not improve their prognostic yield. Remarkably, 
despite the high accuracy of the assessment of liver function on days 
3 and especially 7 of therapy to predict a poor outcome, the predic-
tive value of the nomogram including only baseline data was similar.

Our study revealed that a low titre or lack of autoantibodies and 
IgG normality are not uncommon in AS- AIH, making liver biopsy nec-
essary to fulfil standard simplified diagnostic criteria, as occurred in 
42.3% of the cases in our series.8 These findings support current 
EASL clinical practice guidelines that consider liver biopsy a require-
ment for AIH diagnosis, and that it should be performed before 
starting treatment.2 More controversy exists regarding the value 
of histological findings to predict the response to corticosteroids. 
Findings such as massive necrosis and central perivenulitis have 
been related to a worse outcome in most studies.6,27 The predictive 
value of the fibrosis stage is under discussion. In our study, severe 
liver necrosis, but not fibrosis stage, was noted to increase the risk of 
treatment failure. Interestingly, the inclusion of histological variables 
did not significantly augment the accuracy of the model based on 
variables obtained before starting corticosteroids.

The dose, route of administration and timing of onset of cor-
ticosteroids have also been a matter of debate.2,5,16 Most of our 
patients received the recommended dose of 1 mg/kg day of pred-
niso(lo)ne by the intravenous route.2 In agreement with the re-
sults of De Martin et al., the response to steroids in our series 
was independent of dose or administration route.15 However, no 
firm conclusions can either be drawn in this regard as our cohort 
was also retrospective in nature and decisions regarding dose and 
route of corticosteroids were arbitrarily taken by the respective 
practitioner. Of note, we found no difference in response between 
“early” (<3 days) or “late” initiation of steroids, indicating sufficient 
time for an extensive diagnostic work- up (including the ruling- out 
of infection) after admission.
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Infection is a concern in patients with severe liver insufficiency 
undergoing steroid treatment, as an active infection could jeop-
ardise liver transplantation.13,25,27– 31 Corticosteroids alone did not 
increase the bacterial infection risk. This was supported by the 
similar rates of infection recorded in patients on and not on ste-
roids, and by the lack of independent association between corti-
costeroids and infection risk detected in the multivariate analysis. 
In effect, the infection risk in our study was related to the severity 
of liver insufficiency, as it was highest in patients with high MELD 
and ascites, which also emerged as independent factors predictive 
of a non- response to steroids. Similarly, bacterial infection risk 
in patients with severe alcoholic hepatitis is more closely related 
to a non- response to corticosteroids than the therapy itself.12,32 
However, our results suggest an association between prolonged 
corticosteroids and systemic fungal infection. Invasive aspergillo-
sis, a condition that compromises transplantation,13 was detected 
in seven patients, all of whom had been on corticosteroids for at 
least 7 days. Physicians should be aware of this risk and avoid ex-
tending corticosteroids beyond 7 days in non- responders, espe-
cially in liver transplantation candidates.

We here present the largest published dataset on prognosis 
and response to therapy in AS- AIH. Additionally, our complete lab-
oratory data for 3 and 7 days of treatment allowed us to compare 
the performance accuracy of the models at both time points. To 
our knowledge, this is the first study to provide a prediction no-
mogram to anticipate the response to corticosteroids at disease 
presentation. We should acknowledge several limitations. Firstly, 
in the final analysis, we included all patients diagnosed with AS- 
AIH, even those with severe liver fibrosis and/or cirrhosis detected 
on liver biopsy, possibly representing a different population. 
According to current guidelines, patients with acute presentations 
of AIH are included in the definition of ALF and are considered 
candidates for emergency liver transplantation, despite the possi-
bility of underlying advanced chronic liver disease.16,18 However, in 
the sub- analysis performed to overcome this limitation in patients 
with complete histological information prior to corticosteroids, 
the treatment response was independent of the fibrosis stage. 
Finally, the retrospective nature of this study is an intrinsic limita-
tion that makes it difficult to identify patients warranting a corti-
costeroids trial and those who should be directly referred for liver 
transplantation. While we tried to adjust for confounding factors 
by multivariate regression analysis, residual confounders due to 
unknown or unmeasured covariates may not be completely ruled 
out. Consequently, the prognostic models developed need further 
prospective and external validation.

Our study provides support for current clinical recommenda-
tions that are based on expert opinion. Its findings indicate a sur-
vival benefit of corticosteroids in AS- AIH, and a trial of this therapy 
is warranted in most patients, even those with encephalopathy. 
Response to therapy should be assessed at treatment onset and 
after 3 days, or better still 7 days, to early identify patients likely to 
be non- responders. Prolonging treatment in non- responders be-
yond this time point should be avoided, especially in transplantation 

candidates, as it is unlikely it will modify the disease course yet may 
increase the risk of invasive aspergillosis. Importantly, a nomogram 
including older age, high MELD and presence of encephalopathy and 
ascites accurately identify newly admitted patients unlikely to re-
spond to steroids thus expediting their referral or work- up for liver 
transplantation.
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