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Noninvasive Prediction of Outcomes in 
Autoimmune Hepatitis– Related Cirrhosis
Laura- Patricia Llovet,1 Jordi Gratacós- Ginès,1 Luis Téllez ,2 Ana Gómez- Outomuro,3 Carmen A. Navascués,3  
Mar Riveiro- Barciela ,4 Raquel Vinuesa,5 Judith Gómez- Camarero,5 Montserrat García- Retortillo,6 Fernando Díaz- Fontenla,7 
Magdalena Salcedo,7 María García- Eliz,8 Diana Horta,9 Marta Guerrero,10 Manuel Rodríguez- Perálvarez,10  
Conrado Fernández- Rodriguez,11 Agustín Albillos,2 Juan G- Abraldes,12 Albert Parés,1 and Maria- Carlota Londoño 1

The value of noninvasive tools in the diagnosis of autoimmune hepatitis (AIH)– related cirrhosis and the prediction of 
clinical outcomes is largely unknown. We sought to evaluate (1) the utility of liver stiffness measurement (LSM) in the 
diagnosis of cirrhosis and (2) the performance of the Sixth Baveno Consensus on Portal Hypertension (Baveno VI), 
expanded Baveno VI, and the ANTICIPATE models in predicting the absence of varices needing treatment (VNT). 
A multicenter cohort of 132 patients with AIH- related cirrhosis was retrospectively analyzed. LSM and endoscopies 
performed at the time of cirrhosis diagnosis were recorded. Most of the patients were female (66%), with a median 
age of 54  years. Only 33%- 49% of patients had a LSM above the cutoff points described for the diagnosis of AIH- 
related cirrhosis (12.5, 14, and 16  kPa). Patients with portal hypertension (PHT) had significantly higher LSM than 
those without PHT (15.7 vs. 11.7  kPa; P  =  0.001), but 39%- 52% of patients with PHT still had LSM below these 
limits. The time since AIH diagnosis negatively correlated with LSM, with longer time being significantly associated 
with a lower proportion of patients with LSM above these cutoffs. VNT was present in 12 endoscopies. The use of 
the Baveno VI, expanded Baveno VI criteria, and the ANTICIPATE model would have saved 46%- 63% of endosco-
pies, but the latter underpredicted the risk of VNT. Conclusions: LSM cutoff points do not have a good discriminative 
capacity for the diagnosis of AIH- related cirrhosis, especially long- term after treatment initiation. Noninvasive tools are 
helpful to triage patients for endoscopy. (Hepatology Communications 2022;6:1392-1402).

Approximately 30% of patients with autoim-
mune hepatitis (AIH) present with cirrhosis 
at diagnosis,(1) and a further 10% develop 

cirrhosis during follow- up.(2) Fibrosis progression 
can occur despite biochemical remission due to the 
fluctuating course of the disease and the persistence 
of histological activity in up to 40% of patients.(3) 
Therefore, patients with AIH require close and life- 
long follow- up.

Similar to other liver diseases, the use of vibration- 
controlled transient elastography (VCTE) to deter-
mine liver stiffness in patients with AIH has emerged 
as an objective and robust tool to monitor disease 
progression and avoid serial biopsies.(4) The results of 
studies assessing the performance of VCTE in AIH 
have been confounded by the contribution of inflam-
mation in the interpretation of liver stiffness measure-
ment (LSM), especially during the first 6 months after 
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treatment initiation.(4- 9) As a result, it has been diffi-
cult to identify consistent cutoff points for the diag-
nosis of AIH- related cirrhosis.(5,7) Furthermore, these 
studies have additional limitations: (1) The number of 
patients with cirrhosis was low, and (2) there was a 
lack of data on the clinical predictive value of LSM in 
patients with AIH- related cirrhosis.

A major event in the natural history of portal 
hypertension (PHT) in patients with cirrhosis is 
the development of esophageal varices with the sub-
sequent risk of variceal bleeding. The Sixth Baveno 
Consensus on Portal Hypertension (Baveno VI) rec-
ommended the use of noninvasive tools to rule out 
the presence of varices with high risk of bleeding (var-
ices needing treatment [VNT]). According to Baveno 
VI, patients with compensated advanced chronic liver 
disease with a normal platelet count (>150,000) and 
LSM  <  20  kPa do not need endoscopic surveillance 
because the predicted risk of having VNT is less than 
5% (“safe” risk threshold defined by the Baveno VI 
consensus). Implementing this recommendation into 
clinical practice could spare 20%- 40% of surveillance 
endoscopies.(10) The expanded Baveno VI criteria 
(platelets  >  110,000 and LSM  <  25  kPa) have also 
proven to be safe, sparing a higher number of endos-
copies than the original criteria.(11) Nonetheless, it is 
important to consider that Baveno VI and expanded 

Baveno VI criteria were derived mostly from patients 
with chronic viral hepatitis and alcohol- associated 
liver disease. Although subsequent studies showed 
that the same thresholds could be useful in other 
etiologies,(12,13) patients with autoimmune liver dis-
ease remained underrepresented and in need of more 
robust validations.

In an attempt to refine the prediction of clinically 
significant PHT and VNT using noninvasive tools, 
Abraldes et al. conducted the ANTICIPATE study,(14) 
which incorporated a continuous risk prediction model 
that assigned a probability of VNT to each of the 
predictor values (platelets and LSM). This provided 
an individual absolute risk of VNT for each patient. 
Again, this cohort consisted primarily of patients with 
chronic viral hepatitis or alcohol- associated liver dis-
ease, and the use of this model in patients with pri-
mary biliary cholangitis (PBC) underpredicted the 
risk of VNT and required recalibration.(15)

Given these limitations, and the differences in the 
natural history of AIH as compared with cholestatic 
diseases, we designed a large multicenter cohort study 
to evaluate (1) the utility of LSM in the diagnosis of 
AIH- related cirrhosis and the prediction of clinical 
outcomes, and (2) the performance of the Baveno VI, 
expanded Baveno VI, and the ANTICIPATE models 
in predicting the absence of VNT in patients with AIH.
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Patients and Methods
patients

This was a retrospective, multicenter, cohort study 
in which all patients with AIH- related cirrhosis at 11 
Spanish centers (Hospital Clínic Barcelona, Hospital 
Ramón y Cajal, Hospital Universitario Central 
de Asturias, Hospital Vall d’Hebron, Hospital de 
Burgos, Hospital Gregorio Marañón, Hospital del 
Mar, Hospital La Fé de Valencia, Mutua de Terrassa, 
Hospital Universitario Reina Sofía, and Fundación 
Hospital Alcorcón) were enrolled between January 
1985 and January 2020. Patients were identified by 
the revision of local databases of patients with AIH.

The inclusion criteria were (1) probable or defi-
nite diagnosis of AIH according to the International 
Autoimmune Hepatitis Group (IAIHG) simplified cri-
teria(16) as recommended by the European Association 
for the Study of the Liver guidelines(17); (2) cirrhosis 
defined by histological, clinical (decompensation of liver 
disease including ascites, hepatic encephalopathy [HE], 
spontaneous bacterial peritonitis [SBP], and variceal 
bleeding) and/or ultrasound criteria (surface nodularity, 
heterogenous echostructure, segmental hypertrophy, or 
atrophy)(18,19); and (3) availability of LSM at the time 
of cirrhosis diagnosis. The exclusion criteria were (1) 
the presence of other chronic liver disease (including 
viral hepatitis, alcohol, and/or nonalcoholic fatty liver 
disease) and (2) variant forms of AIH (overlap with 
PBC or primary sclerosing cholangitis).

Data ColleCtion
Demographic and clinical data such as age, sex, 

autoimmune comorbidities, date of AIH diagnosis, 
endoscopic results, development and characterization 
of flares, as well as decompensations were collected. 
Laboratory data, assessed at the time of AIH diag-
nosis, the diagnosis of cirrhosis, and the evaluation 
of Baveno criteria included aspartate aminotransfer-
ase (AST), alanine aminotransferase (ALT), alkaline 
phosphatase, gamma- glutamyl transferase, total bili-
rubin, international normalized ratio, immunoglobu-
lin G (IgG) levels, antinuclear autoantibodies (ANA), 
anti- smooth muscle antibody (ASMA), anti- liver 
kidney microsome type 1, anti- liver cytosol 1, anti- 
soluble liver antigen, anti- mitochondrial, and plate-
let count. The original reports of the liver biopsies 

performed at diagnosis were also retrospectively ana-
lyzed. Hematoxylin and eosin staining was used to 
determine portal and lobular necrosis and inflamma-
tion, type of cell infiltrate, the presence of interface 
hepatitis, hepatocyte ballooning, and/or emperipolesis. 
Masson’s trichomic was used to evaluate fibrosis stage.

Immunosuppressive treatment was recorded. 
Standard treatment was defined as the use of predni-
sone in monotherapy, prednisone in combination with 
azathioprine, or azathioprine in monotherapy. Other 
treatments prescribed to patients due to intolerance or 
nonresponse were considered as second- line or third- 
line therapies.(20) Remission was defined as ALT and 
IgG levels within normal limits. Lack of remission 
within 6  months of treatment initiation was consid-
ered as insufficient response.(20)

The presence of PHT was determined according to 
the presence of decompensation (ascites, SBP, HE, or 
variceal bleeding), esophageal varices, or signs of PHT 
in the liver ultrasound (collateral circulation, paraum-
bilical vein recanalization, splenomegaly, or reverse 
flow in portal vein).

noninVasiVe pReDiCtion 
oF CiRRHosis anD CliniCal 
outComes

LSM at diagnosis of cirrhosis (LSM- cirrhosis) 
determined by VCTE (FibroScan) and upper gastroin-
testinal endoscopy were recorded. LSM was performed 
by experienced operators following the manufacturer’s 
recommendations, with the patient in fasting condi-
tions. Only reliable (≥10 valid measurements, ≥60% 
success rate, and interquartile range [IQR]/median 
ratio ≤0.30) LSM was included in the analysis. Due 
to the important role of inflammation in LSM, VCTE 
performed within 6  months of the diagnosis of AIH 
was excluded from the analysis. The maximum inter-
val between VCTE and gastrointestinal endoscopy 
was 1 year, as recommended by the Baveno VI consen-
sus.(10) In patients with ascites, LSM was always per-
formed after the resolution of this complication. Based 
on the current literature, we evaluated three cutoff 
points that have proven to be useful in the diagnosis of 
cirrhosis (14 kPa)(21,22) and specifically in the diagnosis 
of AIH- related cirrhosis (12.5 kPa(7) and 16 kPa(5)).

Finally, we studied whether the Baveno VI criteria 
(defined as platelets > 150,000 and LSM < 20 kPa) and 
the Baveno VI expanded criteria (platelets  >  110,000 
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and LSM  <  25  kPa) can avoid screening endoscopies 
in patients with AIH cirrhosis and a low risk of having 
VNT.(10,11) VNT was defined as large varices and/or small 
varices with high- risk stigmata. To evaluate the associ-
ation between platelet count and elastography and the 
presence of VNT, we evaluated the performance of the 
model generated in the ANTICIPATE study(14) (proba-
bility of VNT = 1/[1 + e- logit] where logit = −4.458421 + 
1.3193115 * ln[SM- TE in kPa] –  0.016306902 * platelet 
count [in n × 109/L], capped at 150).

statistiCal analysis
Categorical variables were expressed as number and 

percentage. Continuous variables were expressed as 
median and IQR. Differences in proportions were com-
pared by the χ2 test or Fisher’s exact test, as appropriate. 
Continuous variables were compared by Mann- Whitney 
U test non- parametrical testing. Bivariate correlation 
between the time after the diagnosis (and starting of 
treatment) of AIH and LSM was analyzed using the 
Spearman rank- order correlation test. The Cochran- 
Armitage test of trend was used to determine whether 
there was a linear trend between time after the diag-
nosis of AIH (categorized in four periods: <12 months, 
12- 36 months, 36- 60 months, and >60 months) and the 
probability of having a LSM above the cutoff points 
used to determine the presence of cirrhosis. P  <  0.05 
was considered statistically significant.

Based on contingency tables, we calculated the 
negative predictive value (NPV) and the number of 
endoscopies that could be saved by using Baveno VI 

and expanded Baveno VI criteria. The performance 
of the ANTICIPATE study continuous predictive 
model was assessed with the c- statistic (discrimina-
tion) and by plotting the predicted versus observed 
rates of VNT (calibration).(15,23) Calibration was 
assessed with the Z calibration statistic described 
by  Spiegelhalter,(24) with its P value. The closer the 
value of the Z- statistic to zero, and the higher its P 
value, the better the calibration of the model.

Statistical analysis was conducted with Stata ver-
sion 15.1 (Stata Corp, College Station, TX), SPSS 
20.0 (IBM Corp., Armonk, NY), and R Statistical 
Software (Foundation for Statistical Computing, 
Vienna, Austria), using the rms package.(25)

etHiCs
The study was conducted in accordance with the 

ethical guidelines of the 1975 Declaration of Helsinki, 
as reflected in the approval by the Ethics Committee 
at the Hospital Clinic of Barcelona.

Results
Baseline CHaRaCteRistiCs

A total of 132 patients diagnosed with AIH- 
related cirrhosis were included in the study. One hun-
dred sixteen (88%) had a definite diagnosis according 
to the IAIHG simplified criteria, and the remaining 
16 (12%) patients did not undergo a liver biopsy, 

Fig. 1. Flowchart of the patients included in the study. Abbreviation: EV, esophageal varices.
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but all of them had a probable diagnosis of AIH, 
responded to treatment, and achieved biochemical 
remission. Twenty- one patients had an acute presen-
tation (16%), 20 (15%) a severe acute AIH, and 91 
(68%) had a chronic presentation. As shown in Fig 
1, 60 (45%) patients had cirrhosis at the time of the 
initial diagnosis of AIH, whereas in the remaining 
72 (55%) patients, cirrhosis was identified a median 
of 66 months (IQR 19- 131) after having been diag-
nosed with AIH. The baseline characteristics of these 
patients are found in Table 1. Briefly, most of the 
patients were female (n = 85, 64%), with type 1 AIH 
(n = 120, 90.9%), and a median age of 54 years (IQR 
42- 63) at the time of diagnosis. The median labora-
tory results at AIH diagnosis were as follows: ALT 
298 IU/L (IQR 146- 817), AST 359 IU/L (IQR 143- 
835), total bilirubin 1.9  mg/dL (IQR 0.9- 7.3), IgG 
20.9  g/L (IQR 16- 29.3), ANA titers 1:160 (IQR 
1:50- 1:640), and ASMA titers 1:40 (IQR 0- 1:80).

One hundred sixteen patients underwent a liver 
biopsy at diagnosis. Eighty- eight (76%) had advanced 
fibrosis (METAVIR fibrosis stage F3 or F4). Among 
the 16 patients without liver biopsy, 3 had clinical evi-
dence of cirrhosis and PHT (esophageal varices and 
collateral circulation). Patients with cirrhosis at the time 
of the diagnosis of AIH were significantly older (58 vs. 
49 years; P = 0.001) and had lower AST (334 vs. 489; 
P = 0.046) and ALT (240 vs. 367; P = 0.016) levels.

Seventy- four patients (56%) received combined 
therapy with prednisone and azathioprine from diag-
nosis, and 46 (35%) were given prednisone in mono-
therapy. One hundred nine patients (83%) achieved 
disease remission. Thirty patients (23%) required 
second- line or third- line therapies due to intolerance 
to standard treatment (n = 3) or insufficient response 
(n  =  27). Insufficient responders were younger (45 
vs. 55  years; P  =  0.010) compared with those who 
achieved remission. There were no other differences 
in clinical, biochemical, or histological characteris-
tics between responders and patients with insufficient 
response (Supporting Table S1).

Thirty- five patients (27%) had signs of PHT at the 
time of the initial diagnosis of AIH, and 15 (11%) were 
already decompensated (13 had ascites, 6 had HE, 3 had 
SBP, and 1 had variceal bleeding). During a median fol-
low- up of 127  months (IQR 61- 189), 36 (27%) addi-
tional patients developed features of PHT; 18 patients 
(15%) were decompensated (15 had ascites, 3 had HE, 
3 had SBP, and 1 had variceal bleeding); 6 patients (5%) 

underwent liver transplantation; and 8 (6%) patients died 
(4 due to solid organ neoplasms including 1 hepatocel-
lular carcinoma, 3 due to infection, and in the remaining 
patient the cause of death was unknown).

lsm FoR Diagnosis oF aiH- 
RelateD CiRRHosis anD pHt

To avoid the impact of liver inflammation on liver 
stiffness in the first months of AIH treatment,(5) only 
107 patients in whom LSM- cirrhosis had been per-
formed ≥6  months after the diagnosis of AIH were 
included in this analysis.(5) The median LSM value was 
12.6  kPa (IQR: 8.5- 20.4). Fifty- two (49%) patients 
had a LSM ≥ 12.5 kPa, whereas in 44 (41%) patients 
the LSM was ≥14 kPa, and in 37 (33%) it was ≥16 kPa, 
which are the cutoff points described for the diagnosis 
of AIH- related cirrhosis (5- 7) (Table 2). Seventy- six 
patients (71%) were in remission (normal ALT and 
IgG levels) at the time of LSM- cirrhosis. As indicated 
in Table 2, there were no significant differences in the 
number of patients, with or without disease remission, 
with LSM values higher than these cutoff points.

Thirty- two of the 44 patients with cirrhosis 
diagnosed by liver biopsy had a LSM performed 
≥6  months after the diagnosis of AIH. The median 
LSM in this subgroup of patients was 13.7 kPa (IQR 
10.2- 20.1). Similar to what was observed in the whole 
cohort, among the patients with cirrhosis in the liver 
biopsy, 16 (50%) had a LSM  ≥  12.5  kPa, 14 (44%) 
≥14 kPa, and 11 (34%) ≥16 kPa.

Fifty- four of the 71 patients with PHT underwent 
LSM  ≥  6  months after the diagnosis of AIH. The 
median LSM in these patients was significantly higher 
as compared to patients without PHT (15.7  kPa vs. 
11.7 kPa; P = 0.001). The proportion of patients with a 
LSM above the cutoff points for the diagnosis of AIH- 
related cirrhosis was significantly higher in patients with 
PHT as compared to those without PHT. However, 
39%- 52% of patients with PHT had a LSM below these 
limits (Table 2). Only 23 patients (43%) with PHT had 
a LSM > 20 kPa— the cutoff used in the Baveno VI cri-
teria to predict the risk of having VNT. There were no 
significant differences in the proportion of patients with 
LSM above the cutoff points for the diagnosis of cirrho-
sis between patients with PHT in remission and those 
with PHT without remission (Supporting Table S2)

The impact of the time elapsed between the diag-
nosis of AIH (the time of starting immunosuppressive 
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treatment) and LSM on the capacity of LSM to detect 
cirrhosis was then analyzed. As shown in Fig. 2A, 
there was a modest, albeit statistically significant, neg-
ative correlation between time and LSM performance 
(rs  =  −0.338; 95% CI: −0.487 to −0.169; P  <  0.001). 
A Cochran- Armitage test of trend was run to deter-
mine whether there was a linear trend between time 
and the proportion of patients with LSM above the 
cutoffs for the diagnosis of AIH- related cirrhosis. 
According to the distribution by quartiles, the time 
since the diagnosis of AIH was divided into four 

periods: <12  months, 12- 36  months, 36- 60  months, 
and >60  months. The proportion of patients with 
LSM- cirrhosis above the evaluated cutoff points is 
shown in Fig. 2B. The Cochran- Armitage test showed 
a statistically significant linear trend, with longer time 
being associated with a lower proportion of patients 
with LSM ≥ 12.5 kPa, ≥14 kPa, and ≥16 kPa. Similar 
results were obtained when analyzing only the patients 
with PHT (Fig. 2C). Altogether, these results suggest 
that LSM- cirrhosis is lower with time after treatment 
initiation; therefore the probability of misdiagnosing 

taBle 1. CliniCal CHaRaCteRistiCs oF patients at tHe time oF aiH Diagnosis

Variable All (n = 132)
Cirrhosis at Diagnosis of AIH 

(n = 60)
Cirrhosis During 

Follow- up (n = 72) P Value

Age (years) 54 (42- 63) 58 (50- 71) 49 (29- 59) 0.001

Female (n, %) 85 (64%) 40 (67%) 45 (63%) 0.377

Autoimmune comorbidity (n, %) 36 (27%) 18 (30%) 18 (25%) 0.327

Laboratory results at diagnosis

AST (U/L) 359 (143- 835) 334 (92- 575) 489 (149- 1,172) 0.046

ALT (U/L) 298 (146- 817) 240 (80- 640) 367 (202- 1,107) 0.016

ALP (U/L) 175 (122- 243) 171 (124- 238) 178 (121- 313) 0.531

GGT (U/L) 165 (84- 329) 180 (102- 353) 148 (69- 293) 0.196

Bilirubin (mg/dL) 1.9 (0.9- 7.3) 2 (1- 6.4) 1.7 (0.9- 8) 0.573

IgG (g/dL) 20.9 (16- 29.3) 20.7 (16.1- 28) 21.4 (15.2- 32) 0.493

ANA (titer) 160 (50- 640) 160 (40- 640) 160 (60- 640) 0.764

SMA (titer) 40 (0- 80) 0 (0- 80) 40 (0- 160) 0.236

AMA positivity (n, %) 19 (14%) 8 (13%) 11 (15%) 0.613

Anti- LKM positivity (n, %) 12 (9%) 4 (7%) 8 (11%) 0.362

Anti- SLA positivity (n, %) 12 (9%) 4 (7%) 8 (11%) 0.353

Platelet count (×109) 156 (121- 223) 150 (113- 210) 173 (130- 236) 0.125

INR 1.1 (1.0- 1.4) 1.2 (1- 1.4) 1.1 (1- 1.4) 0.822

MELD score* 10 - 18) 10 (7- 18) — — 

Fibrosis stage at diagnosis† (n, %) <0.001

F0- F1 19 (16%) 0 17 (30%)

F2 9 (8%) 0 9 (15%)

F3 44 (38%) 14 (24%) 32 (55%)

F4 44 (38%) 44 (76%) 0

Decompensation at diagnosis (n, %) 16 (13%) 16 (25%) — — 

Simplified score HAI 8 (6- 8) 8 (6- 8) 8 (6- 8) 0.880

Treatment (n, %) 0.150

Prednisone + azathioprine 74 (56%) 34 (57%) 40 (57%)

Azathioprine in monotherapy 3 (2%) 2 (3%) 1 (1%)

Prednisone in monotherapy 46 (35%) 18 (30%) 28 (40%)

Other† 9 (7%) 8 (10%) 3 (2%)

Note: Data are expressed as median (IQR).
*Calculated only in patients with cirrhosis at diagnosis.
†According to liver biopsy (available in 116 patients at diagnosis of AIH).
‡Other treatments included no treatment (n = 7), ursodeoxycholic acid (n = 1), and budesonide in combination with azathioprine (n = 1).
Abbreviations: ALP, alkaline phosphatase; AMA, anti- mitochondrial antibody; ANA, antinuclear antibodies; anti- LKM, anti- liver kid-
ney microsome type 1; anti- SLA, anti- soluble liver antigen; GGT, gamma- glutamyltransferase; HAI, histological activity index; MELD: 
Model for End- Stage Liver Disease; SMA, smooth muscle antibodies.
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patients as not having AIH- related cirrhosis increases 
with time.

peRFoRmanCe oF tHe BaVeno 
Vi, eXpanDeD BaVeno Vi, anD 
antiCipate CRiteRia

Ninety- two of the 132 patients were selected for this 
analysis, which included 110 surveillance endoscopies. 

The reasons for excluding the remaining patients are 
depicted in Supporting Fig. S1 (lack of endoscopy 
or LSM, decompensation, and/or primary prophy-
laxis). The characteristics of these patients are given in 
Supporting Table S3. The median AST and ALT levels 
at the time of endoscopy were 38 IU/mL and 32 IU/
mL, respectively, and 71% of patients were in remis-
sion. Esophageal varices were present in 47 endosco-
pies (43%), and in 12, these were considered as VNT.

Fig. 2. Impact of time between the initiation of immunosuppressive treatment and LSM on the ability of LSM to detect cirrhosis in 
patients with AIH. (A) Correlation between time (in months) and LSM (kPa). Bivariate correlation was analyzed using the Spearman 
rank- order correlation test. (B) Proportion of patients with cirrhosis and LSM ≥ 12.5 kPa, 14 kPa, and 16 kPa according to time after 
treatment initiation (divided into four periods: ≤12 months, 12- 36 months, 36- 60 months, and ≥60 months). (C) Same as (B) but analyzing 
only patients with portal hypertension.

taBle 2. patients WitH lsm aBoVe tHe DeFineD CutoFF point FoR tHe Diagnosis oF 
CiRRHosis

Cutoff All (n = 107)

Response to Therapy* PHT

Remission 
(n = 76)

Not in 
Remission 
(n = 31) P Value No (n = 53) Yes (n = 54) P Value

≥12.5 kPa 52 (49%) 33 (43%) 19 (61%) 0.131 19 (36%) 33 (61%) 0.012

≥14 kPa 44 (41%) 28 (37%) 16 (52%) 0.196 13 (24%) 31 (57%) 0.001

≥16 kPa 37 (33%) 22 (29%) 13 (42%) 0.256 9 (17%) 26 (48%) 0.001

*Analysis based on 107 patients with a LSM performed 6 months after starting immunosuppressive treatment; 76 were in biochemical 
remission.
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Individual platelet counts and LSM were asso-
ciated with the risk of having VNT (Fig. 3A,B). 
Although only one (8%) patient with VNT had a 
platelet count  >  150,000, 53 (54%) of the patients 
without VNT had a platelet count above that cutoff 
point (P  =  0.003). Three (25%) and 6 (50%) of the 
patients with VNT had a LSM < 20 kPa or <25 kPa, 
respectively. These numbers are lower than those of 
patients without VNT (73 [75%] and 79 [81%] had 
a LSM < 20 kPa or <25 kPa, respectively; P = 0.001 
and 0.017).

Both the Baveno VI and expanded Baveno VI cri-
teria had a NPV of 100%, but the use of the expanded 
Baveno VI criteria for triaging patients for endoscopy 
would have saved more procedures (63% as compared 
with 46% when the Baveno VI criteria were used). 
The use of the ANTICIPATE continuous prediction 
model with a risk threshold of 5% was also associ-
ated with a NPV of 100% and would have spared 
63% of endoscopies. The c- statistic of the model was 
0.86, indicating excellent discrimination. However, 
the model underpredicted the risk of VNT when 
the patients had an observed risk of between 5% and 
20% (Fig. 4A). The analysis excluding patients with 
a LSM < 10 kPa obtained the same results (data not 
shown). Next, the ANTICIPATE model recalibrated 

for patients with PBC was evaluated. As shown in 
Fig. 4B, this model showed good agreement between 
the predicted and observed probabilities of VNT in 
patients with AIH- related cirrhosis. Using a 5% risk 
threshold of VNT, the corrected model would have 
saved 54% of the endoscopies, with a NPV of 100%. 
The performance of the models is found in Table 3.

Discussion
On analyzing a large cohort of patients with AIH- 

related cirrhosis, it was found that a significant pro-
portion of patients with cirrhosis (including those 
with histological evidence of cirrhosis at the diagno-
sis of AIH) had low LSM. In fact, these figures were 
lower than the recommended cutoff points for the 
diagnosis of cirrhosis in general (14  kPa),(21,22) and 
specifically for the diagnosis of AIH- related cirrhosis 
(12.5 kPa and 16 kPa).(5,7,26) More importantly, up to 
52% of patients with evidence of PHT (decompensa-
tion of liver disease, esophageal or gastric varices, or 
the presence of collaterals) had a LSM below these 
cutoffs. These findings have significant implications 
because current clinical practice guidelines recom-
mend the use of LSM to monitor fibrosis progression 

Fig. 3. Association between VCTE values and platelet count and the risk of VNT in patients with cirrhosis related to AIH. These 
exploratory plots were constructed with non- parametric local regression (locally weighted least squares).
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in patients with AIH.(26) This proposal was based on 
the study by Hartl et al.,(5) showing a significant cor-
relation between fibrosis stage and LSM when VCTE 
was performed 6  months after starting immunosup-
pressive treatment to avoid the effect of liver inflam-
mation on LSM. However, the number of patients 
with cirrhosis included in this study was very low, and 
therefore might not be representative of what occurs 
in clinical practice.

As shown by Hartl et al.,(5) time is of paramount 
importance. The current study found that the time 

between starting immunosuppression and LSM sig-
nificantly affected the ability of LSM to predict cir-
rhosis and PHT. Although 51%- 71% of patients with 
cirrhosis and a VCTE performed within the first 
12 months of treatment initiation had a LSM above 
the established cutoff points for the detection of cir-
rhosis, only 19%- 25% had a LSM above these cut-
offs when it was performed ≥60 months after starting 
treatment. Similar results were obtained when ana-
lyzing patients with cirrhosis and PHT. Altogether, 
these results indicate that the LSM is not accurate 

Fig. 4. Performance (in terms of calibration) of the original ANTICIPATE model and the ANTICIPATE- PBC model in predicting 
VNT. (A) Calibration plot of the original ANTICIPATE model. This model underpredicted the risk of VNT in the segment of patients 
with a risk of between 5% and 20%. (B) Calibration plot of the ANTICIPATE- PBC model, which shows excellent agreement between 
the predicted and observed probabilities of VNT. The bars over the x- axis show the distribution of the patients according to predicted 
risks. Z- value represents the Spiegelhalter calibration(20) with its P value. The closer the value of the Z- statistic to zero, and the higher its 
P value, the better the calibration of the model.

taBle 3. peRFoRmanCe oF tHe DiFFeRent CRiteRia to Rule out tHe pResenCe oF Vnt

Criteria
Spared 

Endoscopies Sensitivity Specificity +LR −LR PPV NPV

Baveno VI 45 (46%) 1.0 (0.73- 1.0) 0.54 (0.44- 0.74) 2.18 (1.76- 2.70) 0 0.19 (0.16- 0.23) 1.0

Expanded Baveno VI 62 (63%) 1.0 (0.74- 1.0) 0.63 (0.53- 0.73) 2.72 (2.10- 3.53) 0 0.23 (0.19- 0.28) 1.0

ANTICIPATE* 62 (63%) 1.0 (0.74- 1.0) 0.63 (0.53- 0.73) 2.72 (2.10- 3.53) 0 0.23 (0.19- 0.28) 1.0

ANTICIPATE- PBC* 53 (54%) 1.0 (0.74- 1.0) 0.54 (0.44- 0.64) 2.18 (1.76- 2.70) 0 0.21 (0.18- 0.25) 1.0

*Risk threshold of 5%.
Abbreviations: +LR, positive likelihood ratio; −LR, negative likelihood ratio; PPV, positive predictive value.
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to predict AIH- cirrhosis (with or without PHT) in 
the long term. Interestingly, these findings are similar 
to what has been described in patients with hepatitis 
C (HCV)– related cirrhosis treated with direct- acting 
antivirals, in which cirrhosis and PHT persist despite 
a decrease in LSM. Indeed, Lens et al.(27) found 
that viral eradication was associated with a signifi-
cant decrease in LSM in patients with HCV- related 
cirrhosis and clinically significant PHT (CSPH). 
Nevertheless, 96  months after viral eradication, 30% 
of the patients with a LSM < 13.6 kPa still presented 
CSPH determined by a hepatic venous gradient pres-
sure ≥10 mm Hg.(27,28)

Of course, it cannot be excluded that this obser-
vation was due to a potential regression of fibro-
sis or even cirrhosis in successfully treated patients 
with AIH.(29- 31) However, in the authors’ opinion, 
the most plausible explanation is that the decrease in 
necro- inflammation together with liver remodeling 
or fibrosis reabsorption that occurs in the context of 
immunosuppressive treatment may impair adequate 
fibrosis estimation with noninvasive techniques.

Despite the limited applicability of LSM to predict 
cirrhosis and PHT in patients with AIH, the perfor-
mance of the Baveno VI and expanded Baveno VI cri-
teria in predicting the absence of VNT was excellent 
with a NPV of 100%, and its use would have reduced 
the need for surveillance endoscopies by between 43% 
and 64%, respectively. Use of the ANTICIPATE 
model would also have spared 64% with a NPV of 
100%. The advantage of the latter model is that it 
provides continuous predictions according to LSM 
and platelet counts.(14,15) Nevertheless, the association 
between LSM and platelet count and the risk of VNT 
was different in AIH- related cirrhosis compared with 
that observed in other etiologies such as viral- related 
or alcohol- related cirrhosis. Similar to what was 
observed in patients with PBC,(15) in the current study 
patients with AIH had a higher risk of VNT than that 
predicted with the ANTICIPATE model. This prob-
ably reflects the fact that several patients with AIH- 
related cirrhosis have low posttreatment LSM while 
still having PHT. In addition, it cannot be completely 
ruled out that this was due to the presence of other 
causes of PHT located at presinusoidal levels (and not 
captured by LSM), such as inflammation within the 
portal tracts. In fact, the use of the ANTICIPATE 
model corrected for patients with PBC,(15) in which 
the presinusoidal component of PHT has been well 

studied,(32,33) calibrated well (with good agreement 
between predicted and observed probabilities of 
VNT), and was able to accurately predict the risk of 
VNT in patients with AIH- related cirrhosis.

We should acknowledge that this study has lim-
itations. First, it is a retrospective study; therefore, 
liver biopsies and endoscopies were not available in 
all patients. Second, it lacked follow- up biopsies, and 
in patients developing cirrhosis during the follow- up 
the diagnosis was based on ultrasound criteria, which 
are not the gold standard. However, several studies 
have shown a good performance of liver ultrasound 
in the detection of cirrhosis with a sensitivity ranging 
between 54% and 84%, and more importantly, a spec-
ificity for the detection of cirrhosis of between 78% 
and 100%.(34- 37) Likewise, the results were very similar 
to those obtained in patients with PHT and histolog-
ically proven cirrhosis. Third, the retrospective nature 
of the study might have introduced a selection bias, as 
the results of LSM could have influenced the decision 
of performing (or not performing) gastrointestinal 
endoscopy. Nonetheless, 73% of the endoscopies avail-
able were performed in patients with LSM < 20 kPa. 
Finally, the number of patients with VNT was low, 
and this might affect the precision of the noninva-
sive tools evaluated in this study. Despite these limita-
tions, the study provides important information and 
validates the use of noninvasive tools to rule out the 
presence of high- risk varices in patients with AIH- 
related cirrhosis.

In conclusion, the current LSM cutoff points do 
not have good discriminative capacity for the diagno-
sis of AIH- related cirrhosis with/without PHT, espe-
cially long- term after treatment initiation. Therefore, 
LSM should be interpreted with caution and always 
alongside other criteria for the diagnosis of cirrhosis. 
Nonetheless, noninvasive tools (Baveno VI, expanded 
Baveno VI criteria, and ANTICIPATE- PBC contin-
uous model) to triage patients for endoscopy are useful 
in patients with AIH- related cirrhosis. Multicenter, 
prospective studies are needed to corroborate these 
results.
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