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Abstract

Background & Aims—L.iver stiffness (LS) measured by magnetic resonance elastography
(MRE) is emerging as an important biomarker in chronic liver diseases. We examined the
diagnostic performance of MRE, factors associated with an increased LS and the prognostic value
of LS as measured by MRE among patients with primary sclerosing cholangitis (PSC).

Methods—We performed a retrospective review of 266 patients with PSC to examine whether
LS was associated with the primary endpoint of hepatic decompensation (ascites, variceal
hemorrhage, and hepatic encephalopathy). The ability of MRE to differentiate stages of fibrosis
was examined in a subset of patients who underwent a liver biopsy (n=20).

Results—A LS of 4.93 kPa was the optimal point to detected F4 fibrosis (sensitivity, 1.00; 95%
confidence interval (Cl), 0.40-1.00; specificity, 0.94; 95% CI, 0.68-1.00). While a serum alkaline
phosphatase (ALP) < 1.5 times the upper limit of normal (ULN) excluded the presence of
advanced LS, it was not associated with the primary endpoint (hazard ratio (HR), 0.26; 95% ClI,
0.01-1.33). However, LS was associated with the development of decompensated liver disease
(HR, 1.55; 95% Cl, 1.41-1.70). The optimal LS thresholds which stratified patients at a low,
medium and high risk for hepatic decompensation were <4.5 kPa, 4.5-6.0 kPa and >6.0 kPa
(respectively).

Conclusion—MRE is able to detect cirrhosis with high specificity and an ALP < 1.5 times the
ULN makes the presence of advanced LS unlikely. Moreover, LS obtained by MRE is predictive
of hepatic decompensation in PSC.
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Introduction

Primary sclerosing cholangitis (PSC) is a chronic cholestatic liver disorder which can
progress to cirrhosis and lead to complications from portal hypertension.! Effective medical
therapy for PSC is lacking. The reasons for this are multifactorial but are in part due to the
variable progression of this disease, which makes stratifying patients in clinical trials
challenging. Hence, it is important to identify and utilize surrogate markers that can
accurately predict clinically relevant events.

Liver stiffness (LS) is a surrogate marker for hepatic fibrosis and can be quantified using
elastography. LS has been shown to correlate with the stage of fibrosis and it has been
associated with hepatic decompensation and survival.2= Transient elastography (TE) and
magnetic resonance elastography (MRE) are the two principle elastography techniques most
commonly employed. Among patients with PSC, TE is able to differentiate between stages
of fibrosis and link the baseline LS and rates of LS progression to patient outcomes.®
However, the use of MRE may offer several key advantages when determining the LS in
PSC patients when compared to TE. First, MRE can be performed at the same time as
magnetic resonance cholangiography (MRC), a test commonly performed in PSC patients,
without adding a significant amount of time or cost to the examination. This approach also
allows for the identification of dominant strictures which is important because the presence
of a biliary obstruction may increase the LS irrespective of the degree of fibrosis.” Second,
fibrosis in PSC can be patchy and MRE can characterize a larger volume of the liver when
compared to TE.10. 11 Third, among other causes of chronic liver disease, MRE has been
shown to have a better diagnostic performance and lower failure rate when compared to
TE.5 12-14 Finally, MRE (unlike TE) is not influenced by obesity.11

To date, the use of MRE among a dedicated cohort of PSC patients has not been explored. It
is important to improve our understanding of the performance of MRE among PSC patients
and factors that can influence LS measurements because the accurate determination of LS
can guide clinical decisions and serve as a tool to risk stratify PSC patients in clinical trials.
Consequently, we examined the diagnostic performance of MRE, factors associated with an
increased LS and the prognostic (short-term) value of LS in a large PSC cohort.

Materials and Methods

Patients

This study was approved by the institutional review board at Mayo Clinic, Rochester, MN. A
retrospective review was conducted among individuals who met the following criteria: i)
typical features of PSC on cholangiography or liver biopsy;1® and ii) underwent a MRE at
our institution between January 1, 2007 and December 31, 2013. Patients were excluded if
any of the following were present: i) had concurrent chronic liver disease with the exception
of overlap syndrome with autoimmune hepatitis (PSC-AIH); or ii) history of decompensated
liver disease (ascites, variceal hemorrhage or hepatic encephalopathy) or liver transplant
prior to undergoing a MRE.
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Magnetic Resonance Elastography

During a MRE exam, mechanical shear waves are delivered to a fasting patient via an
acoustic driver and its propagation through the liver is imaged with a special MRI sequence.
An inversion algorithm is then used to process the acquired data from the wave images and
generate elastograms (stiffness maps). Regions of interest (ROI) are typically drawn to
obtain the average LS values, reported in kilopascals (kPa), by the reviewing radiologist.1!

To ensure consistency across the dataset, raw images from all the exams were re-processed
with the most recent MRE inversion algorithm. To avoid inter- and intra-reader
discrepancies caused by subjective manual selection of ROIs for the stiffness measurement,
a fully automated segmentation algorithm was used to generate all the ROIs and calculate
the average LS for this study. When compared to the correlation between 2 expert readers,
this method has superior reproducibility.1® The automated ROIs were reviewed for errors by
a single expert reader (BD) and none needed to be adjusted manually.

Data Collection and Key Definitions

Data was collected from an electronic medical record. Baseline features, body mass index
(BMI), laboratory values and presence of comorbid conditions were abstracted at the time of
the MRE. The revised Mayo PSC risk and model for end-stage liver disease (MELD) scores,
and aminoaspartate transferase (AST) to platelet ratio (APRI) were also determined at the
time of the MRE. The presence of splenomegaly (typically defined as a length greater than
12 cm along the longitudinal axis) was determined by the radiologist reviewing the MRE.17
Thrombocytopenia was defined as a platelet value less than 150 x 109/L. The serum alkaline
phosphatase (ALP) was reported as the ratio of the laboratory value and the upper limit of
normal (ULN) for the assay. We also determined if patients had a persistent ALP less than
1.5 times the ULN on 3 separate occasions (at least 6 months apart) prior to the MRE.18 An
untreated dominant stricture was defined as the presence of a dominant stricture and a
bilirubin 2.0 mg/dL or greater at the time of the MRE.19 Liver biopsies of patients with PSC
who did not have a concurrent untreated dominant stricture were reviewed by a single
blinded pathologist (TCS) if they were performed within one year of the MRE. The stage of
fibrosis (FO-F4) was determined for each specimen in accordance with the Batts-Ludwig
staging system.1®

Statistical Analysis

Statistical analysis was performed with JMP and SAS software (SAS Institute; Cary, NC).
All tests were 2-sided with a level of significance of p <0.05. Categorical data were
compared using the Pearson chi-squared test and continuous variables were compared using
the nonparametric Wilcoxon test. Categorical data are presented as numbers (percentages)
while continuous variables are expressed as medians, interquartile ranges (IQR) unless
otherwise stated.

We estimated receiver operating characteristic curves and the area under the curve (AUC) of
LS for the histologic stage of fibrosis and laboratory parameters associated with increased
LS. In addition, the sensitivity, specificity, positive and negative predictive values (PPV and
NPV) with respective 95% confidence intervals (CI) were determined. Spearman’s rank
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correlation coefficient was performed to examine the relationship between LS and the stage
of fibrosis. Linear regression was utilized to determine which variables were associated with
elevated LS while adjusting for the presence of an untreated dominant stricture.

The prognostic value of LS was also examined. Follow up was determined from the time of
the MRE (baseline) to either the development of the primary endpoint (hepatic
decompensation defined as the development of ascites, hepatic encephalopathy or variceal
hemorrhage) or at the time of censoring (liver transplantation for an indication not
associated with portal hypertension or the last clinical encounter). Cox proportional hazards
regression analysis were employed to examine associations between covariates and the
primary endpoint, and the results were expressed as hazard ratios (HR). The Mayo PSC risk
score is a tool that is predictive of survival among PSC patients.2% Consequently, the LS
value, Mayo PSC risk score plus another covariate significant in the univariable analyses
was incorporated into a series of multivariable models given the limited number of expected
events. The cumulative incidence of hepatic decompensation was determined by the Kaplan-
Meier method. Log rank statistics were used to determine the optimal unbiased LS cut-offs
which defined LS thresholds for 3 prognostic groups of patients (low, medium and high) at
risk for developing hepatic decompensation.?!

Two-hundred and seventy-four PSC patients were reviewed for this study and 8 were
excluded because the MRE was performed after the primary endpoint. Ultimately, 266
individuals were included and followed for a median (IQR) of 2.05 (1.43-2.74) years.
Between 2007and 2011 the majority of PSC patients underwent a MRE due to a clinical
suspicion for advanced fibrosis (n=62). In 2012, the Cholestatic Liver Disease Clinic began
to perform MRE’s on all PSC patients (regardless if there was a concern for cirrhosis) who
also underwent a concurrent MRC for their annual cholangiocarcinoma screening (n=204).
The baseline features at the time of the MRE are illustrated in Table 1.

Diagnostic Performance of Magnetic Resonance Elastography & Hepatic Fibrosis

Twenty patients (8%) with PSC underwent a liver biopsy (FO n=4; F1 n=3; F2 n=6, F3 n=3,
F4 n=4). The median (IQR) time between liver biopsy and MRE was 24 (2-220) days and
the median (IQR) number of portal tracts was 11 (9—16). An association between the fibrosis
stage and LS was detected (Spearman’s correlation 0.84, p<0.001). The LS median (range)
for each stage is depicted in Figure 1. Despite having adequate tissue on liver biopsy, 3
(50%) patients with F2 fibrosis had signs of portal hypertension on their MRE and median
(IQR) LS of 4.39 (3.80-4.93) kPa. The respective optimal LS cut-off for any fibrosis (F1 or
higher), significant fibrosis (F2 or higher) or cirrhosis (F4) was 2.41 kPa, 3.26 kPa and 4.93
kPa. The sensitivity and specificity for detection of cirrhosis was 1.00 (95% CI, 0.40-1.00)
and 0.94 (95% ClI, 0.68-1.00), respectively (Table 2).
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Features Associated with an Increased Liver Stiffness

The median (range) LS for the entire cohort was 2.88 (1.27-13.56) kPa. Patients with an
untreated dominant stricture (n=21) had a higher median (IQR) LS compared to patients
without, 5.36 (4.23-7.56) kPa vs 2.82 (2.41-3.61) kPa, p<0.001. Among those 21
individuals, 4 underwent a subsequent MRE within 1 year of endoscopic therapy and 3
patient’s LS decreased by a median (range) of 1.25 (0.48-2.56) kPa.

Table 3 depicts the relationship between LS and other clinical covariates after adjusting for
the presence of an untreated dominant stricture. The presence of an untreated dominant
stricture continued to be associated with increased LS after adjustment for the other
variables in Table 3 (adjusted slope estimates ranged from 0.92-3.49, p<0.05). This model
revealed several additional factors associated with elevated LS: longer PSC duration, higher
BMI, signs of underlying portal hypertension (splenomegaly, nonbleeding varices or
ascites), lower platelet count, or an elevated APRI, ALP, MELD and Mayo PSC risk score.
The ability of these laboratory parameters to predict LS values which are clinically
significant and suggest cirrhosis (4.93 kPa or greater) were examined. A persistent ALP
more than 1.5 times the ULN (sensitivity, 1.00; 95% CI, 0.89-1.00; specificity, 0.32; 95%
Cl, 0.25-0.39) and a single ALP value of 1.46 times the ULN (sensitivity, 0.98; 95% ClI,
0.86-1.00; specificity, 0.52; 95% CI, 0.45-0.59) were the most sensitive predictors of
advanced liver stiffness (Supplementary Table 1).

Prognostic Value of Magnetic Resonance Elastography

Among the 266 patients, 36 (14%) were diagnosed with the primary endpoint of hepatic
decompensation (ascites n=20, hepatic encephalopathy n=>5, variceal hemorrhage n=3,
multiple n=8). The median (IQR) LS among those with and without hepatic decompensation
was 5.99 (4.86—7.27) kPa and 2.76 (2.39-3.40) kPa (p<0.001), respectively. LS was not
associated with a diagnosis of cholangiocarcinoma (unadjusted HR, 1.16; 95% CI, 0.94—
1.35) among the 17 individuals ultimately diagnosed with biliary cancer.

In the unadjusted analysis, LS was associated with the hepatic decompensation (HR, 1.55;
95% ClI, 1.41-1.70) (Supplementary Table 2). In the adjusted analysis, both LS and Mayo
PSC risk score remained significant and the point estimates remained similar across all of
the models (Table 4). Splenomegaly, nonbleeding varices, platelets and total bilirubin were
also associated with the primary endpoint in the multivariable analysis. However, when ALP
was examined in the multivariable model it did not remain significant after adjusting for the
LS and Mayo PSC risk score (Table 4). Notably, LS continued to provide prognostic
information among individuals who did not have features of advanced liver disease at the
time of the MRE. For example, LS continued to be associated with hepatic decompensation
after excluding individuals who had ascites detected for the first time on the MRE
(unadjusted HR, 1.69; 95% Cl, 1.51-1.92) or had any signs of portal hypertension at the
time of the MRE (unadjusted HR, 1.82; 95% Cl, 1.49-2.35).

The optimal LS thresholds for low, medium and high risk groups for the development of
hepatic decompensation was determined to be less than 4.5 kPa, 4.5-6.0 kPa and greater
than 6.0 kPa (respectively). Patients with a LS of less than 4.5 kPa, 4.5-6.0 kPa and greater
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than 6.0 kPa had a 1-year cumulative incidence (95% CI) of hepatic decompensation which
was 0.50% (0.01-3.96%), 25.19% (14.06-40.95%) and 54.00% (34.63-71.49%),
respectively (Figure 2). The cumulative incidence remained similar for each group after
excluding individuals with an untreated dominant stricture (Supplementary Figure 1). After
excluding individuals who had hepatic decompensation within 30 days of the MRE (n=17),
the 1-year cumulative incidence (95%) CI of hepatic decompensation for a LS less than 4.5
kPa, 4.5-6.0 kPa, or greater than 6.0 kPa was 0.57% (0.08-3.96%), 10.00% (3.26—26.81%)
and 25.96% (10.06-52.37%), respectively (Supplementary Figure 2).

Discussion

This large study, the first published to date with a dedicated cohort of PSC patients who
underwent MRE testing, shows that MRE is able to accurately distinguish the presence of
cirrhosis and predict patient outcomes. Furthermore, our results provide additional insights
into factors associated with elevated LS, which can guide clinicians when determining
whether to order an MRE and how to interpret the results.

MRE accurately distinguished the presence of any fibrosis (F1 or greater) and cirrhosis (F4
or greater) (Table 2). Hence, clinicians should institute screening measures, such as
assessment for varices, once a LS of 4.93 kPa is encountered or if the MRE reveals an
elevated LS with other signs consistent with cirrhosis. Our results also highlight that a liver
biopsy is an imperfect gold standard. For example, 3 patients with F2 fibrosis on biopsy had
features of portal hypertension and elevated median LS, suggesting they had more advanced
fibrosis than was detected on the biopsy sample. Indeed, among these 3 individuals, there
were regional areas of decreased LS (compared to the rest of the liver) which could have
been in the vicinity of tissue acquisition. However, we were unable to retrospectively
determine the exact site of the liver biopsies. Importantly, a liver biopsy samples
approximately 1:50,000™ of the liver and can be prone to sampling error.2! In contrast, MRE
examines a liver volume 9000 times higher than a liver biopsy and 1000 times larger than
TE.22 The patchy distribution of fibrosis seen in PSC has the potential to compound this
issue and is one reason why MRE could be more advantageous when compared to liver
biopsy or TE.10

Several clinical features are associated with increased LS. An untreated dominant stricture is
associated with higher LS. This observation has been previously described with TE and it
reinforces that LS can be influenced by biliary obstruction.”® This is important for PSC
patients since an estimated 10-30% of patients may develop symptomatic dominant
strictures.24 25 Consequently, LS should not be assessed until a dominant stricture is treated.
In addition to a dominant stricture, a longer duration of PSC and an increasing BMI were
associated with increasing LS. The relationship between BMI and LS could be secondary to
the concurrent presence of nonalcoholic fatty liver disease as the accuracy of LS
measurements obtained by MRE has consistently been shown to be independent of the
patients BMI.% As previously described in other studies, we confirmed that several
laboratory tests and prognostic scores were associated with LS (Table 3).6: 26. 27 patients
with ALP persistently less than 1.5 times the ULN and a single ALP level 1.46 times the
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ULN were unlikely to have advanced LS associated with cirrhosis. Therefore, ALP can be
utilized in clinical practice to triage patients who are unlikely to benefit from a MRE.

LS obtained by MRE is predictive of hepatic decompensation in PSC. These observations
persisted after excluding individuals with signs of advanced liver disease or were diagnosed
with hepatic decompensation shortly after the baseline MRE. Patients with LS greater than 6
kPa were at the highest risk for hepatic decompensation. This threshold is beyond the value
anticipated for F4 fibrosis and indicates that LS can continue to provide prognostic
information among patients expected to have cirrhosis. If these thresholds are confirmed, it
would be advantageous to utilize such LS cut-offs to stratify PSC patients in clinical trials. A
persistent ALP less than 1.5 times the ULN has been reported to be associated with an
improved prognosis in PSC.18 However, ALP did not have a prognostic value after adjusting
for LS and the Mayo PSC risk score. This suggests that stratifying patients based on their LS
rather than ALP alone would be preferable in future therapeutic trials. While previous
studies have shown that increased LS is associated with hepatocellular carcinoma, it was not
associated with the development of cholangiocarcinoma in PSC patients.?

Our study has several limitations. First, this was a retrospective study conducted at a single
academic medical center with a limited duration of patient follow up. Consequently, our
findings should be confirmed. Our data highlights that LS as measured by MRE can provide
useful short term prognostic information even among patients who lack other features of
advanced liver disease. Because LS changes over time it is likely that a single LS value is
more reflective of the risk of short term outcomes when compared to longer term outcomes.
However, it will be important for future studies to determine if longitudinal changes in LS
can better predict outcomes. Second, we only had limited numbers of patients with liver
biopsies. Yet, it is noteworthy that the optimal LS cut-off for cirrhosis (4.93 kPa) is similar
to what has been reported in a meta-analysis that examined MRE in a large sample of
patients with other chronic liver diseases. In addition, the cut-off value for cirrhosis when
TE was investigated in PSC was nearly identical to the figure reported in the present study
(recognizing that shear-based MRE measurements can be compared to Young’s modulus
based TE measurements by dividing by a conversion factor of 3).6

In conclusion, this study indicates that MRE has both diagnostic and prognostic value for
patients with PSC. Based on our data and the cut-offs reported elsewhere, LS value of 4.93
kPa is consistent with cirrhosis among patients with PSC. However, LS measurements
should be interpreted with caution if an untreated dominant stricture is present. A low ALP
suggests PSC patients are unlikely to have LS associated with cirrhosis. Finally, LS as
measured by MRE has a robust association with hepatic decompensation. These attributes
make MRE an attractive tool for both routine patient management and as a potential method
for patient stratification in clinical trials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

LS liver stiffness

MRE magnetic resonance elastography

PSC primary sclerosing cholangitis

kPa kilopascals

Cl confidence interval

SAP serum alkaline phosphatase

ULN upper limit of normal

HR hazard ratio

TE transient elastography

MRC magnetic resonance cholangiography

ROI regions of interest

AlH autoimmune hepatitis

BMI body mass index

MELD model for end-stage liver disease

AST aminoaspartate transferase

APRI AST to platelet ratio index

IQR interquartile range

AUC area under the curve

PPV positive predictive value

NPV negative predictive value
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Figure 1.
Box plot of Liver Stiffness for Each Stage of Fibrosis.
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Time to Hepatic Decompensation
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Table 1

Baseline Characteristics of Cohort

Age (years) 46.12 (33.02-59.40)
Female 30% (81/266)

BMI (kg/m?) 25.96 (23.10-29.63)
IBD Present? 81% (215/266)

PSC Duration (years) 5.84 (1.09-12.05)
Large Duct 94% (249/266)
Small Duct 6% (17/266)

PSC & Autoimmune Hepatitis 5% (13/266)
Untreated Dominant Stricture 8% (21/266)
CholangiocarcinomaZ 5% (13/266)
Splenomegaly3 22% (58/263)
Nonbleeding Varices 9% (24/266)
Ascites? 4% (10/266)
Platelets (x10%/L) 240.00 (186.25-297.00)
Platelets < 150 x 10°%/L 14% (37/261)

Features of Portal Hypertension® 27% (73/266)

AST (UIL) 48.00 (30.00-90.00)
APRI 0.47 (0.28-0.95)
Alkaline Phosphatase (U/L)/ULN 1.60 (0.90-2.79)

Alkaline Phosphatase < 1.5 x ULNG  26% (57/219)

Total Bilirubin (mg/dL) 0.80 (0.50-1.43)
MELD 7.00 (6.00-10.00)
Mayo PSC Risk Score -0.09 (-0.84-0.66)

Continuous variables are expressed as median (interquartile range). Categorical variables are expressed as numbers and percentages.

Abbreviations: BMI (body mass index); IBD (inflammatory bowel disease); PSC (primary sclerosing cholangitis); AST (aspartate
aminotransferase); APRI (AST to platelet ratio index); ULN (upper limit of normal); MELD (model end stage liver disease).

JUIcerative colitis n=189; Crohn’s Disease n=22; Indeterminate Colitis n=4.

ZThirteen patients had CCA detected on baseline elastography and 4 additional patients ultimately developed CCA at a later date.
3Three patients had prior splenectomy.

4Ascites was detected for the first time in 10 patients at time of elastography.

5 . . . . ’ .
Had one or more signs suggestive of underlying portal hypertension at the time of the MRE (splenomegaly n=36, thrombocytopenia n=8,
nonbleeding varices n=5, new onset ascites detected on MRE n=2, or a combination of these features n=22).

Forty-seven patients were excluded from this analysis since they had alkaline phosphatase < 1.5 upper limit of normal at time of elastography but
did not have at least 3 separate measurements at least 6 months apart.
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Predictors of Increased Liver Stiffness in Primary Sclerosing Cholangitis After Adjusting for Untreated

Dominant Stricture

Table 3

Slope Estimate (95% CI)

P value

Age (years)l

Female

BMI (kg/m?)

IBD Present

PSC Duration (years)2

Large Duct (vs Small Duct)

PSC & Autoimmune Hepatitis (vs PSC alone)
Cholangiocarcinoma Present
Splenomegaly Present

Nonbleeding Varices at time of MRE
Ascites on MRE

Platelets (x10%/L)

APRI

ALP (U/L)/ULN

ALP <1.5x ULN

Total Bilirubin (mg/dL)

MELD

Mayo PSC Risk Score

0.01 (0.001-0.03)

0.002 (~0.46-0.46)
0.05 (0.02-0.10)
-0.30 (~0.85-0.24)
0.03 (0.01-0.06)

0.18 (-0.69-1.05)
0.32 (-0.69-1.28)
0.69 (~0.40-1.78)
1.92 (1.45-2.38)
2.39 (1.71-3.07)
2.64 (157-3.71)

-0.01 (-0.01- —0.003)

0.65 0.47-0.83)
0.10 (0.01-0.21)
-1.19 (-1.7- -0.64)
0.03 (~0.05-0.10)
0.10 (0.03-0.17)
0.92 (0.73-1.12)

0.25

0.82
<0.01
0.28
0.02

0.68
0.55
0.22
<0.001
<0.001
<0.001
<0.001
<0.001
0.03
<0.01
0.51
<0.01
<0.001

JAIso adjusted for disease duration.

ZAIso adjusted for age.

Page 15

Abbreviations: CI (confidence interval); BMI (body mass index); IBD (inflammatory bowel disease); PSC (primary sclerosing cholangitis); MRE
(magnetic resonance elastography); AST (aspartate aminotransferase); APRI (AST to platelet ratio index); ALP (alkaline phosphatase); ULN (upper
limit of normal); MELD (model end stage liver disease).
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Table 4
Predictors of Hepatic Decompensation (Adjusted)
Model Variable HR (95% CI) P value
Model 1 LS (per unit) 1.29 (1.15-1.45)  <0.001
Mayo Risk Score (per unit) 2.69(1.76-3.90) <0.001
Untreated Dominant Stricture 0.48 (0.18-5.47) 0.11
Model 2 LS (per unit) 1.28 (1.12-1.45) <0.001
Mayo Risk Score (per unit) 2.39(1.70-3.36) <0.001
Splenomegaly 3.33(1.70-6.85) <0.001
Model 3 LS (per unit change) 1.27 (1.12-1.43)  <0.001
Mayo Risk Score (per unit) 2.56 (1.81-3.62) <0.001
Platelets (per unit) 0.99 (0.98-0.99) <0.001
Model 4 LS (per unit) 1.31(1.15-1.46) <0.001
Mayo Risk Score (per unit) 2.37(1.68-3.32) <0.001
APRI (per unit) 0.99 (0.81-1.15)  0.90
Model 5 LS (per unit) 1.30 (1.15-1.46) <0.001
Mayo Risk Score (per unit) 2.42 (1.68-3.47) <0.001
ALP/ULN (per unit) 0.97 (0.83-1.09) 0.68
Model 6 LS (per unit) 1.29 (1.14-1.43)  <0.001
Mayo Risk Score (per unit) 2.21(1.56-3.10) <0.001
ALP < 1.5 x ULNZ 0.26 (0.01-1.33) 0.12
Model 7 LS (per unit) 1.24 (1.17-1.41) <0.01
Mayo Risk Score (per unit) 3.22(2.07-5.23)  <0.001
Total Bilirubin (per unit) 0.91 (0.80-0.99) 0.03
Model 8 LS (per unit) 1.28 (1.13-1.43)  <0.001
Mayo Risk Score (per unit) 3.90(1.98-4.93) <0.001
MELD (per unit) 0.91 (0.82-1.01) 0.06
Model 9 LS (per unit) 1.28 (1.12-1.45) <0.001
Mayo Risk Score (per unit) 2.35(1.69-3.27) <0.001
PSC Duration (per year) 1.02 (0.98-1.06) 0.38
Model 10 LS (per unit) 1.30 (1.15-1.46) <0.001
Mayo Risk Score (per unit) 2.42 (1.68-3.47) <0.001
History of Nonbleeding Varices  2.82 (1.32-5.90) <0.01

Abbreviations: LS (liver stiffness); ULN (upper limit of normal); ALP (alkaline phosphatase) MELD (model end stage liver disease).
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Includes patients with a persistent alkaline phosphatase < 1.5 times the upper limit of normal at the time of the MRE and on 3 or more occasions
(at least 6 months apart) before the MRE was performed.
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