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Abstract

Background and Aims: The presence of at-risk NASH is associated with an

increased risk of cirrhosis and complications. Therefore, noninvasive

identification of at-risk NASH with an accurate biomarker is a critical need

for pharmacologic therapy. We aim to explore the performance of several

magnetic resonance (MR)-based imaging parameters in diagnosing at-

risk NASH.

Approach and Results: This prospective clinical trial (NCT02565446)

includes 104 paired MR examinations and liver biopsies performed in

patients with suspected or diagnosed NAFLD. Magnetic resonance

elastography-assessed liver stiffness (LS), 6-point Dixon-derived proton

density fat fraction (PDFF), and single-point saturation-recovery acquis-

ition-calculated T1 relaxation time were explored. Among all predictors,

LS showed the significantly highest accuracy in diagnosing at-risk

NASH [AUCLS: 0.89 (0.82, 0.95), AUCPDFF: 0.70 (0.58, 0.81), AUCT1: 0.72

(0.61, 0.82), z-score test z > 1.96 for LS vs any of others]. The

optimal cutoff value of LS to identify at-risk NASH patients was 3.3 kPa

(sensitivity: 79%, specificity: 82%, negative predictive value: 91%),

whereas the optimal cutoff value of T1 was 850 ms (sensitivity: 75%,

specificity: 63%, and negative predictive value: 87%). PDFF had the

highest performance in diagnosing NASH with any fibrosis stage

[AUCPDFF: 0.82 (0.72, 0.91), AUCLS: 0.73 (0.63, 0.84), AUCT1: 0.72 (0.61,

0.83), |z| <1.96 for all].

Abbreviations: BMI, body mass index; cT1, corrected T1; LS, liver stiffness; MRE, magnetic resonance elastography; NPV, negative predictive value; PDFF, proton
density fat fraction; PPV, positive predictive value; ROI, regions of interest.

Jiahui Li and Xin Lu are co-first authors.

Supplemental Digital Content is available for this article. Direct URL citations are provided in the HTML and PDF versions of this article on the journal's website, www.hepjournal.com.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
This is an open access article distributed under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it
is permissible to download and share the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the
journal.
Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.

1Department of Radiology, Mayo Clinic,
Rochester, Minnesota, USA
2Department of Radiology, ZhongshanHospital,
Fudan University, Shanghai, China
3Division of Anatomic Pathology, Mayo Clinic,
Rochester, Minnesota, USA
4Department of Biomedical Statistics and
Informatics, Mayo Clinic, Rochester,
Minnesota, USA
5Division of Gastroenterology and Hepatology,
Mayo Clinic, Rochester, Minnesota, USA

Correspondence
Meng Yin, Department of Radiology, Mayo
Clinic, 200 First St SW, Rochester, Minnesota
55905, USA.
Email: yin.meng@mayo.edu

Alina M. Allen, Division of Gastroenterology
and Hepatology, Mayo Clinic, 200 First St SW,
Rochester, Minnesota 55905, USA.
Email: allen.alina@mayo.edu

Received: 28 October 2022 | Revised: 14 March 2023 | Accepted: 24 March 2023

DOI: 10.1097/HEP.0000000000000417

1200 | www.hepjournal.com Hepatology. 2023;78:1200–1208

https://orcid.org/0000-0002-4889-0714
https://orcid.org/0000-0002-4889-0714
https://orcid.org/0000-0002-4889-0714
https://orcid.org/0000-0002-4889-0714
https://orcid.org/0000-0002-7514-1030
https://orcid.org/0000-0002-7514-1030
https://orcid.org/0000-0002-7514-1030
https://orcid.org/0000-0002-7514-1030
https://orcid.org/0000-0002-9411-5671
https://orcid.org/0000-0002-9411-5671
https://orcid.org/0000-0002-9411-5671
https://orcid.org/0000-0002-9411-5671
https://orcid.org/0000-0001-7041-5074
https://orcid.org/0000-0001-7041-5074
https://orcid.org/0000-0001-7041-5074
https://orcid.org/0000-0001-7041-5074
https://orcid.org/0000-0002-8393-8410
https://orcid.org/0000-0002-8393-8410
https://orcid.org/0000-0002-8393-8410
https://orcid.org/0000-0002-8393-8410
https://orcid.org/0000-0001-6778-192X
https://orcid.org/0000-0001-6778-192X
https://orcid.org/0000-0001-6778-192X
http://www.hepjournal.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:yin.meng@mayo.edu
mailto:yin.meng@mayo.edu
http://www.hepjournal.com


Conclusion: Magnetic resonance elastography-assessed LS alone out-

performed PDFF, and T1 in identifying patients with at-risk NASH for therapeutic

trials.

INTRODUCTION

NAFLD is a worldwide epidemic with increasing
prevalence.[1] As the progressive form of NAFLD, NASH
accounts for the increase in cirrhosis since 1990.[2]

Fibrosis is the most important predictor of mortality in
NAFLD.[3] It has been demonstrated that patients with
NASH with fibrosis, particularly stage 2 or higher, have
less favorable outcomes with a significantly increased
risk of liver-related mortality.[4–7] A NASH diagnosis with
fibrosis stage 2 or higher (referred to as at-risk NASH) is
now used as criteria for enrollment in clinical trials and
pharmacologic therapy. Therefore, identifying patients
with NASH and at-risk NASH is critically needed in
clinical trials and practice.

Even though liver biopsy is currently the clinical gold
standard for diagnosing NASH and fibrosis, noninvasive
imaging biomarkers provide accurate quantitative assess-
ments in monitoring disease progression/regression and
evaluating therapy responses in a more practical way.
Magnetic resonance elastography (MRE)-assessed liver
stiffness (LS) has been demonstrated to be the most
accurate noninvasive biomarker for staging fibrosis[8–10]

and a potential predictor for diagnosing NASH.[11] Proton
density fat fraction (PDFF) is a reliable biomarker for
quantifying hepatic fat content, which is more sensitive
and accurate than histopathological steatosis grading
from liver biopsy.[12,13] A recent meta-analysis assessed
the clinical utility of iron-corrected T1 “(cT1)” in identifying
patients with at-risk NASH.[14] However, histology data
derived from multiple centers were not centrally inter-
preted, which increases the risk of inaccurate NASH
diagnosis.[15] Therefore, we aimed to perform a single-
center head-to-head comparison of the diagnostic per-
formance of MRE-assessed LS, PDFF, and T1, in
identifying patients with NASH and at-risk NASH.

METHODS

Study design and participants

This was a prospective clinical trial (NCT02565446),[16]

including 89 patients who had suspected or diagnosed
NAFLD, without other known chronic liver diseases or
any causes of secondary hepatic fat accumulation. All
patients underwent MRI/MRE exams and liver biopsies
(see the flow chart of patient enrollment in Supple-
mental Material S1, http://links.lww.com/HEP/H132).

Informed consent in writing was obtained from each
patient and the study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki as
reflected in a priori approval by the Mayo Clinic
Institutional Review Board.

MRI and processing

All MRI/MRE examinations were performed on 1.5T
whole-body scanners (GE Healthcare) at Mayo Clinic.
All patients were scanned in the supine position after
a fasting period of at least 4 hours. The imaging
protocol contains MRE imaging (60 Hz gradient-echo
2-dimensional MRE), 6-point Dixon imaging (IDEAL-
IQ), and T1 mapping (SMART1Map). Imaging param-
eters are illustrated in Supplemental Table S2, (http://
links.lww.com/HEP/H132).

Magnetic resonance elastography

The MRE images were acquired by placing a passive
driver against the anterior body wall of patients over the
right lobe of the liver. The driver was held in place by an
elastic band wrapped around the body. The continuous
mechanical waves for MRE were generated by an active
driver (Resoundant, Inc.) outside the scanner room, and
were delivered to the passive driver through a 7.6 m long
plastic tube. The LSmeasurements were calculated from
freehand regions of interest drawn on each slice, which
included only liver parenchyma, and avoided large
vessels, bile ducts, and regions with an inadequate
magnitude of signal or shear wave amplitude (ie, artifacts
from cardiac movement and edges). In this study, LS
represents the magnitude of the complex shear modulus
(|G*|) derived from 2-dimensional MRE data. It was
reported as mean and SD as described in the previous
study.[17] One analyst (Jiahui Li with 5 years of
experience) postprocessed all the images while blinded
to clinical, laboratory, and histopathological data.

Proton density fat fraction

A 6-echo Dixon method was used to acquire the
measurement of the hepatic fat fraction. Water and fat
images, PDFF, and R2* (1/T2*, the relaxation rates of
observable or effective T2) maps were obtained from
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image reconstruction (IDEAL-IQ, GE Healthcare). The
measurements of PDFF and R2* were calculated from
regions of interest manually drawn in 9 anatomic seg-
ments by 2 analysts (Jiahui Li with 5 years of experience
and Xin Lu with 2 years of experience), respectively.

T1 mapping

The investigational pulse sequence using single-point,
saturation-recovery fast imaging using steady-state acquis-
ition, was performed to measure the native (noncontrast)
true T1 relaxation time of liver tissue. One oval-shaped
regions of interest was drawn on each slice by 1 analyst
(Safa Hoodeshenas, 4 years of experience), to cover as
much liver parenchyma as possible, and avoid large
vessels, bile ducts, fissures, and fossae. The T1 measure-
ments were calculated as an area-weighted mean value.

Histologic assessment

All participants had liver biopsies, and 1 pathologist with
expertise in NASH (Taofic Mounajjed, 10 years of
experience) reviewed all the specimens while blinded to
imaging, clinical and laboratory results. The histologic
assessment included the presence of NASH, grade of
steatosis, inflammation, ballooning, and fibrosis stage
based on NASH Clinical Research Network criteria.[18]

At-risk NASH was defined as NASH with stage ≥2
fibrosis.

Statistical analyses

The nonparametric Dunn multiple comparison tests
with Bonferroni adjustment and Wilcoxon rank sum
test were applied to test the differences in imaging
parameters (LS, PDFF, and T1). Spearman correla-
tions were used to analyze the relationship between
imaging biomarkers. The prediction models were
generated from 3 predictors, individually or by
combinations. Nominal logistic models trained with
ridge regularization and iterative leave-one-out
cross-validation were used to detect NASH and at-
risk NASH. The overall diagnostic accuracies
(reported as the AUC) of imaging prediction models
were analyzed by concordance analysis using a
robust variance estimator— the Huber sandwich
estimator—which effectively accounts for the within-
subject correlation in 15 patients with follow-up
examinations/biopsies. Z-score tests were used to
compare AUCs.[19] Final retraining of each model
was performed on the whole data set to estimate the
standardized predictor ORs to compare predictor
importance. Sensitivity, specificity, positive predic-
tive value, and negative predictive value (NPV)
were calculated to assess the predictor performance.
A significance level of p < 0.05 for group compar-
isons and correlation analyses, and |z| > 1.96 for
performance comparisons were used in this
study. All statistical analyses were performed using
R (survival package, version 4.1.1) and Python
(version 3.8.5).

F IGURE 1 Example images. The first row represents images from a patient with non-NASH (female, 45 y, BMI = 30.2 kg/m2): PDFF
= 2.1%, LS = 1.69 kPa, T1 = 794 ms. The second row represents images from a patient with NASH (female, 48 y, BMI = 32.8 kg/m2):
PDFF = 20.4%, LS = 2.43 kPa, T1 = 1004 ms. The third row represents images from a patient with at-risk NASH (male, 60 y, BMI
= 27.5 kg/m2): PDFF = 10.6%, LS = 3.94 kPa, T1 = 858 ms. The white dotted line illustrates the contour of the liver not the ROI for
measurements. Abbreviations: BMI, body mass index; LS, liver stiffness; ROI, regions of interest; PDFF, proton density fat fraction.
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RESULTS

Patient characteristics

In this prospective clinical trial (NCT02565446), we
enrolled 89 participants at risk of NAFLD, who
underwent a total of 104 MRI/MRE examinations
paired with concurrent liver biopsy. The purpose of
these procedures was to evaluate the diagnostic
accuracy of various imaging parameters in the
longitudinal monitoring of NAFLD. Of the 104
MRI/MRE examinations, 89 were performed at
baseline/enrollment and 15 examinations were per-
formed after 1-year follow-up. During the time
between the two assessments, 2 participants under-
went a bariatric operation, whereas the remaining 13
received lifestyle counseling but did not receive any
medication treatment. The NAFLD activity score
changed in 9 of the 15 patients between the two
assessments, thus they were accounted as 2 inde-
pendent assessments. The median time between
MRI/MRE and liver biopsy was 1 day (interquartile
range: 1, 7). Among the 104 paired examinations, 45
(43%) were diagnosed with NASH and 28 (27%) were
identified as at-risk NASH by histology (example
images shown in Figure 1). Table 1 represents the
participant characteristics.

Performance of proton density fat
fraction and T1 in diagnosing steatosis
and NASH

As shown in Figure 2, both PDFF and T1 showed a
significant increase in values as the severity of steatosis
increased (Kruskal-Wallis rank sum test, p < 0.0001 for
both). Patients with NASH had significantly elevated
PDFF [18.5% (12.5, 23.2) vs 6.0% (3.5, 11.5),
p < 0.0001] and T1 [901 ms (818.6, 1016.6) vs
809.4 ms (746.0, 885.7), p = 0.0002] when
compared with non-NASH patients.

Performance of liver stiffness and T1 in
diagnosing fibrosis and at-risk NASH

Both LS and T1 values were higher in patients with
clinically significant fibrosis (stage ≥2) [LS: 4.1 kPa
(3.4, 6.1) vs 2.3 kPa (2.0, 2.6), p < 0.0001; T1: 890.6
ms (808.1, 995.1) vs 821.3 ms (745.0, 924.6),
p = 0.008], and at-risk NASH [LS: 3.9 kPa (3.3, 6.1)
vs 2.4 kPa (2.1, 2.8), p < 0.0001; T1: 925.1 ms (847.2,
1019.7) vs 817.9 ms (746.5, 927.0), p = 0.0008]
(Figure 3).

T1 significantly correlated with PDFF (R = 0.62,
p < 0.01), whereas LS did not show any correlation with
PDFF (R = 0.03, p = 0.77) (Figure 4).

Diagnostic accuracy in identifying patients
with NASH and at-risk NASH

We evaluated the diagnostic performance of
several logistic regression models with imaging
predictors in identifying patients with NASH and

TABLE 1 Demographic, histologic, and imaging characteristics of
participants

Characteristics
Paired examinations (N = 104)

in 89 participants; n (%)

General information

Time interval between
MRI/MRE and liver biopsy
(d)

1 (1, 7)

Sex (F) 64 (62)

Age (y) 55 (46, 60)

BMI (kg/m2) 33 (30, 39)

Diabetes (yes) 48 (46)

Histologic findings

Steatosis grade

0 31 (30)

1 47 (45)

2 22 (21)

3 4 (4)

Lobular inflammation grade

0 43 (41)

1 57 (55)

2 4 (4)

Ballooning grade

0 59 (57)

1 32 (31)

2 13 (13)

Fibrosis stage

0 54 (52)

1 12 (12)

2 13 (13)

3 11 (11)

4 14 (13)

NASH 45 (43)

At-risk NASH 28 (27)

Imaging findings

LS (kPa) 2.7 (2.1, 3.7)

PDFF (%) 10.6 (5.4, 19.7)

T1 relaxation time (ms) 843.9 (765.7, 967.3)

R2* (s−1) 37.2 (35.0, 41.3)

Note: Continuous measurements are reported as median (interquartile range).
Discrete variables are reported as the number and proportion of subjects with
the characteristics of interest. All data were calculated regarding each
independent examination with paired imaging and biopsy.
Abbreviations: BMI, body mass index; LS, liver stiffness; MRE, magnetic
resonance elastography; PDFF, proton density fat fraction.
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F IGURE 3 Scatter plots of LS and T1 for differentiating clinically significant fibrosis (≥ stage 2) and at-risk NASH. The black line indicates the
median value. *p < 0.05; **p < 0.01; ***p < 0.0001. Abbreviation: LS, liver stiffness.

F IGURE 2 Scatter plots of PDFF and T1 for differentiating steatosis grades and NASH. The black line indicates the median value. *p < 0.05;
**p < 0.01; ***p < 0.0001. Abbreviation: PDFF, proton density fat fraction.
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at-risk NASH (Figure 5). The multivariate model of
PDFF + LS + T1 showed the highest AUC value
(0.83, 95% CI: 0.75, 0.92) in diagnosing NASH. The
univariable model of LS showed the highest AUC
value (0.89, 95% CI: 0.82, 0.95) in diagnosing
at-risk NASH.

PDFF showed the most significant effect (ie, highest
standardized ORs) in all univariable and multivariable
models for diagnosing patients with NASH. Similarly, LS
showed the most significant impact in diagnosing
patients with at-risk NASH (Table 2).

The optimal cutoff value of LS to identify patients with
at-risk NASH was 3.3 kPa, with a sensitivity of 79%, a
specificity of 82%, and an NPV of 91%. The optimal
cutoff value of T1 was 850 ms, with a sensitivity of 75%,
a specificity of 63%, and an NPV of 87% (Table 3).

When evaluated in those with and without diabe-
tes, the diagnostic performance of the imaging
parameters was similar, although the CIs for the
AUC were larger due to the decrease in sample sizes
of the 2 groups.

DISCUSSION

In this prospective study, we directly compared LS,
PDFF, T1, and 4 multiparametric models of MRI/MRE
parameters for the detection of NASH and at-risk NASH.

To our knowledge, this is the head-to-head comparison
study on the performance of LS, PDFF, and T1 for NASH

and at-risk NASH. MRE-assessed LS is a well-established
most accurate imaging biomarker for diagnosing clinically
significant fibrosis.[20] In this analysis, LS alone showed the
highest diagnostic accuracy in identifying at-risk NASH
[AUC: 0.89 (0.82, 0.95)]. The inferior performance of the
models with additional parameters to LS is likely due to
collinearity or nonlinear relationship between steatosis and
NAFLD severity,[21,22] described as “burnt-out” NASH
(Supplemental Figure S3, http://links.lww.com/HEP/
H132). In contrast, the LS is known to monotonically
increase with fibrosis,[23] inflammation,[24] and ballooning,[25]

which are all hallmark histopathologic features of at-
risk NASH.

Consistent with previous studies, T1 correlated with
hepatic steatosis and fibrosis.[26,27] Compared with LS
or PDFF, however, T1 was inferior in diagnosing
patients with at-risk NASH or NASH, respectively. A
recent meta-analysis of multicenter pooled data
assessed the clinical utility of PDFF and cT1, for
identifying patients with NASH and at-risk NASH.[14]

The diagnostic performance for identifying NASH was
similar (AUCcT1: 0.78 vs AUCPDFF: 0.78). For at-risk
NASH diagnosis, cT1 outperformed PDFF in the pooled
analysis (AUCcT1: 0.78 vs AUCPDFF: 0.69, p < 0.001),
whereas in individual patient data meta-analysis, the
performance of cT1 was inferior (AUCcT1: 0.73 vs
AUCPDFF: 0.69). Notably, there was significant hetero-
geneity across sites, with one site (n = 26) reporting
AUC 0.57 (0.27, 0.87) for cT1 in diagnosing at-risk
NASH. Technically, the single-point saturation-recovery

F IGURE 4 Correlations between PDFF and T1/LS. **p < 0.01. Abbreviations: LS, liver stiffness; PDFF, proton density fat fraction.

F IGURE 5 Summary of AUC for nominal logistic models for distinguishing NASH and at-risk NASH. *z > 1.96 when compared with LS in
diagnosing at-risk NASH. Abbreviations: LS, liver stiffness; PDFF, proton density fat fraction.
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acquisition method has been shown to provide more
accurate and robust T1 measurements than the MOLLI
method (cT1)[28,29] (detailed information for T1 and cT1
could be found in Supplemental Material S4, http://links.
lww.com/HEP/H132). Both cT1 and T1 measure a
mixed signal from water and fat in the liver,[30,31] and
have a potential bias from the partial volume effect of
steatosis.[32] Consequently, T1 is significantly associ-
ated with PDFF measurements in NAFLD/NASH.[30]

Therefore, the inferior performance of T1 in diagnosing
NASH and at-risk NASH observed in this study is likely
due to signal confounders and collinearity with the other
biomarkers.

Cost is an important consideration in the application
of imaging-based biomarkers. An MRI examination
consisting of MRE alone or MRE with PDFF is much
less expensive than the procedure for obtaining cT1
and PDFF. To obtain a measurement of liver cT1, an
MRI procedure is performed using a proprietary protocol
and the data must be sent for external processing for an
extra cost. According to the US Centers for Medicaid
and Medicare Services, the relevant charges are ~$350
(MRI abdomen without contrast, CPT code 74181) and
$950 (quantitative MR tissue analysis, CPT code

0648T), for a total of ~$1300 (which would include a
PDFF measurement). The Centers for Medicaid and
Medicare Services charge for MRE is ~$240 (CPT code
76391). The acquisition for PDFF requires only a single
breath-hold and could be included in the MRE
examination at no additional charge. Even if it is
charged as an “abdomen without contrast” (CPT code
74181), the total Centers for Medicaid and Medicare
Services charge for MRE + PDFF would be less than
half that for cT1 + PDFF.

Similarly, cost-effectiveness studies with nonimaging
biomarkers are warranted.Many studies demonstrated that
MRE-assessed LS is superior in stratifying at-risk NASH
compared with NIS4 [AUC: 0.80 (0.77, 0.84)],[33] FAST
(FibroScan-Aspartate aminotransferase) score [AUC: 0.80
(0.76, 0.85)],[34] and LAD-NASH (predictive model with US
markers of liver stiffness, attenuation coefficient, and
dispersion slope) score [AUC: 0.86 (0.79, 0.93)].[35]

There are several strengths of this study. As the
head-to-head comparison study, the number of
paired examinations (N = 104) is sufficiently large.
The post hoc power analysis for group comparisons
is over 89%. Furthermore, for all 104 examinations
with paired concurrent biopsy, the median time

TABLE 3 Diagnostic accuracy of LS and T1 to diagnose patients with at-risk NASH at prespecified thresholds

AUC Threshold Sensitivity (%) Specificity (%) NPV (%) PPV (%)

LS; 0.89 (95% CI: 0.82-0.95) (kPa) ≥2.9 96 79 98 63

≥3.1 89 80 95 63

≥3.3 79 82 91 61

≥3.5 68 84 88 61

≥3.7 57 86 84 59

T1; 0.72 (95% CI: 0.61-0.82) (ms) ≥ 750 100 28 100 34

≥ 800 82 41 86 34

≥ 850 75 63 87 43

≥ 900 54 71 81 41

≥ 950 46 80 80 46

Abbreviations: LS, liver stiffness; NPV, negative predictive value; PPV, positive predictive value.

TABLE 2 Univariate and multivariate prediction models in diagnosing NASH and at-risk NASH

Predictors Univariate PDFF + LS PDFF + T1 LS + T1 PDFF + LS + T1

Coefficient OR Coefficient OR Coefficient OR Coefficient OR Coefficient OR

NASH

PDFF 0.08 1.97 0.15 3.98 0.08 2.05 — — 0.20 6.02

LS 0.33 1.86 0.44 2.28 — — 0.27 1.67 0.45 2.35

T1 0.00 1.88 — — 0.00 0.86 0.00 1.14 0.00 0.54

At-risk NASH

PDFF 0.04 1.47 0.06 1.71 0.05 1.51 — — 0.11 2.65

LS 0.87 5.25 0.55 2.85 — — 0.87 5.21 0.92 5.75

T1 0.01 2.13 — — 0.00 1.48 0.00 1.60 0.00 0.82

Abbreviations: LS, liver stiffness; PDFF, proton density fat fraction.
Bold values indicate highest standardized ORs.
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interval is very short [1 d (1, 7)], which provided
reliable histology information. Centralized data col-
lection and processing avoided interobserver bias in
histologic interpretation. Several limitations are worth
noting. First, this is a single-center study, without
external validation. To mitigate this limitation, the
model performance was calculated using leave-one-
out cross-validation methods. Second, there were 15
participants who underwent 2 examinations/biopsies
1 year apart. To mitigate potential bias related to
measurements in the same participant, concordance
analysis with a robust variance estimator was
performed to correct the within-subject correlation.
The diagnostic performance of models in 89 partic-
ipants without repeated examinations showed similar
results as the original analysis (Supplemental Figure
and Table S5, Supplemental Digital Content 1, http://
links.lww.com/HEP/H132). Third, the sample size is
relatively small, with only 28 (27%) out of 104
examinations having at-risk NASH by histology, when
most patients had mild liver disease with low
inflammation and ballooning grade. Nevertheless,
this reflects the real-world prevalence of at-risk NASH
and enables the generalization of these results,
including the positive predictive value and NPV for
clinical practice.[36] These results should be validated
in multicenter cohorts with larger sample sizes.

In conclusion, this study demonstrates that among
the imaging biomarkers evaluated, MRE-assessed LS
has the highest accuracy for identifying at-risk NASH.
Therefore, MRE is the most accurate test to identify
patients with NASH and stage 2–3 fibrosis or cirrhosis
who may qualify for drug therapies in clinical trials and
practice once approved.
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