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Abstract

BACKGROUND AND AIMS: Cross-sectional studies have shown that magnetic resonance
elastography (MRE) is accurate in the noninvasive detection of advanced fibrosis in nonalcoholic
fatty liver disease (NAFLD). However, there are limited data on the longitudinal association
between an increase in liver stiffness on MRE and fibrosis progression in NAFLD. Therefore,
using a well-characterized prospective cohort of patients with biopsy-proven NAFLD, we aimed to
examine the longitudinal association between a 15% increase in liver stiffness on MRE and
fibrosis progression in NAFLD.
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APPROACH AND RESULTS: This prospective cohort study included 102 patients (62.7%
women) with biopsy-proven NAFLD who underwent contemporaneous MRE and liver biopsy at
baseline followed by a repeat paired liver biopsy and MRE assessment. The primary outcome was
odds of fibrosis progression by one or more stage as assessed by the Nonalcoholic Steatohepatitis
Clinical Research Network histologic scoring system. The mean (£SD) of age and body mass
index (BMI) were 52 (+14) years and 32.6 (+5.3) kg/m?, respectively. The median time interval
between the two paired assessments was 1.4 years (interquartile range 2.15 years). The number of
patients with fibrosis stages 0, 1, 2, 3, and 4 was 27, 36, 12, 17, and 10, respectively. In unadjusted
analysis, a 15% increase in MRE was associated with increased odds of histologic fibrosis
progression (odds ratio [OR], 3.56; 95% confidence interval [Cl], 1.17-10.76; £=0.0248). These
findings remained clinically and statistically significant even after multivariable adjustment for
age, sex, and BMI (adjusted OR, 3.36; 95% ClI, 1.10-10.31; A= 0.0339). A 15% increase in MRE
was the strongest predictor of progression to advanced fibrosis (OR, 4.90; 95% Cl, 1.35-17.84; P
= 0.0159).

CONCLUSIONS: A 15% increase in liver stiffness on MRE may be associated with histologic
fibrosis progression and progression from early fibrosis to advanced fibrosis. (Hepatology
2020;0:1-12).

Nonalcoholic fatty liver disease (NAFLD) is an increasingly common cause of liver disease
and is projected to be a leading cause of liver-related morbidity and mortality.(:~3) Among
patients with NAFLD, fibrosis stage is the strongest predictor of mortality,4-5) and liver
biopsy remains the gold standard for determining disease activity and fibrosis stage.
However, histologic lesions in NAFLD can be heterogeneously distributed,(”) making liver
biopsy prone to sampling error, particularly in the assessment of longitudinal changes in
NAFLD activity. Advanced imaging techniques, including magnetic resonance imaging
(MRI)-based proton density fat fraction, have allowed for more accurate assessment of
changes in liver fat.

Recently, noninvasive tests (NITs) of liver fibrosis have emerged as potential surrogate
markers for the cross-sectional assessment of fibrosis severity in NAFLD.®) Serum-based
NITs include either combinations of readily available laboratory and demographic data or
combinations of measurements of molecules associated with the underlying pathogenesis of
NAFLD. The NAFLD fibrosis score (NFS) and FIB-4 index are the best-studied clinical
prediction rules in NAFLD; and despite high negative predictive value to exclude advanced
fibrosis,(® both tests have limited diagnostic accuracy for lesser stages of fibrosis, and
approximately 30% of patients have indeterminate values.(19.11) Imaging-based NITs, most
commonly vibration-controlled transient elastography (VCTE) and magnetic resonance
elastography (MRE), measure liver stiffness, which correlates with fibrosis severity. VCTE
is inexpensive and can be measured in the clinic but has inferior diagnostic performance in
head-to-head comparison studies with MRE, particularly for lower stages of fibrosis and in
the morbidly obese.(12-14)

In contrast to liver biopsy, MRE evaluates a much larger volume of the total liver (~5%), is
reproducible,1® and has high interobserver agreement.(16) While cross-sectional studies
have demonstrated that MRE has superior diagnostic performance in NAFLD, there are
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limited longitudinal data on the association between changes in MRE and liver fibrosis on
paired liver biopsies. Weight loss is associated with an improvement in liver histology,(1")
and clinically significant weight loss is associated with a 15% change in liver stiffness on
MRE,(8) which has led to the adoption of this threshold for change in multiple clinical trials
of NAFLD.(19-21) Thus, we hypothesized that a 15% increase in liver stiffness on MRE is
associated with fibrosis progression. Using a well-characterized, prospective cohort of
patients with biopsy-proven NAFLD, we evaluated the association between a 15% increase
in liver stiffness on MRE and fibrosis progression on liver biopsy.

Materials and Methods

STUDY DESIGN

This is a prospective cohort study derived from a well-characterized longitudinal cohort of
patients with biopsy-proven NAFLD. This study included 102 uniquely phenotyped patients
who underwent a standardized research visit: history, physical exam, and a paired liver
biopsy assessment (using the Nonalcoholic Steatohepatitis Clinical Research Network
[NASH CRN] histological scoring system) and MRE assessment at two points between 2011
and 2018 at the University of California at San Diego (UCSD) NAFLD Research Center.
(22-26) All patients provided written informed consent prior to enrolling in the study, and the
study was approved by the UCSD institutional review board.

INCLUSION AND EXCLUSION CRITERIA

Patients =18 years of age with biopsy-proven NAFLD and written informed consent were
included. For this study, participants were included if MRE was measured
contemporaneously with their baseline liver biopsy and if they had a subsequent liver biopsy
and contemporaneous MRE. Participants meeting any of the following criteria were
excluded from the study: significant alcohol consumption (defined as =14 drinks/week for
men or =7 drinks/week for women) within the previous 2-year period; evidence of active
substance use; clinical or laboratory evidence of secondary causes or chronic conditions
associated with hepatic steatosis including nutritional disorders, human immunodeficiency
virus infection, and use of steatogenic drugs such as amiodarone, glucocorticoids,
methotrexate, I-asparaginase, and valproic acid; underlying liver disease other than NAFLD
including viral hepatitis (assessed with serum hepatitis B surface antigen and hepatitis C
RNA assays), hemochromatosis, Wilson’s disease, alpha-1 antitrypsin deficiency, glycogen
storage disease, autoimmune hepatitis, and cholestatic or vascular liver disease; major
systemic illnesses; decompensated liver disease (defined as Child-Pugh score >7 points);
contraindications to MRI including metallic implants, claustrophobia, and body
circumference exceeding the imaging chamber capacity; pregnancy or attempting to be
pregnant; or any other conditions believed by the principal investigator to affect patient’s
competence or compliance to complete the study.

CLINICAL RESEARCH EVALUATION

At baseline, all patients underwent a standardized clinical evaluation including detailed
history, anthropometric exam, and laboratory test at the UCSD NAFLD Research Center. A
trained clinical investigator documented information including age, sex, height, weight, body
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mass index (BMI), ethnicity, and vital signs. Alcohol intake history was obtained in a
clinical setting and verified at the research clinic with the Alcohol Use Disorders
Identification Test and the Skinner questionnaire. Other causes of liver diseases and hepatic
steatosis were ruled out systematically based on history and laboratory tests. Participants
were instructed to fast for a minimum of 8 hours prior to collection of laboratory tests.
Alcohol intake, anthropometry, and medications were assessed at each subsequent research
visit. Patients underwent repeat liver biopsy assessment for clinical indications, screening for
clinical trials or per clinical trial protocol.

HISTOLOGIC EVALUATION

MRI

All patients underwent a baseline liver biopsy, followed by a second liver biopsy for
assessment by an experienced liver pathologist blinded to patients’ clinical or imaging data.
This study used the NASH CRN histologic scoring system, in which hepatic fibrosis was
scored on a scale from 0 to 4, with stage 4 signifying cirrhosis; hepatic steatosis and lobular
inflammation were scored from 0 to 3; and hepatic ballooning was scored from 0 to 2.(27)
Steatosis, lobular inflammation, and hepatocyte ballooning scores were summed to obtain
the NAFLD activity score,(?® which ranged from 0 to 8. Diagnosis of NASH was classified
as definite NASH, NAFLD not NASH, or suspicious for NASH (“borderline” NASH). These
categories were assigned prior to conducting statistical analyses.

Abdominal MRI was obtained on a single 3T MR scanner (GE Signa EXCITE HDxt; GE
Healthcare, Waukesha, WI) at the UCSD MR3T Research Laboratory using described
methods.(2%-33) Liver stiffness was estimated using two-dimensional MRE, which is the
most accurate biomarker for the quantitative assessment of liver stiffness as a surrogate for
hepatic fibrosis.(13:14:34) A passive driver was fitted around the body over the liver and
connected to an acoustic active driver that delivered continuous vibrations at 60 Hz to
produce shear waves in the liver, which were processed to generate elastograms depicting
liver stiffness. Four slices were assessed, and colocalized regions of interest were manually
specified. The median and interquartile range (IQR) time interval between the baseline liver
biopsy and MRI were 34 and 54 days, respectively. The median and IQR time interval
between the follow-up liver biopsy and MRI were 19 and 39 days, respectively.

OUTCOME MEASURES

The primary outcome was histologic fibrosis progression by at least one stage from baseline
assessment to follow-up assessment in patients without cirrhosis at baseline.

Secondary outcomes were fibrosis improvement defined as at least a one-stage improvement
from baseline histologic assessment at follow-up histologic assessment in patients with
fibrosis at baseline. Progression to advanced fibrosis was defined as progression from
fibrosis stage 0-2 at baseline to stage 3—4 at follow-up. In addition, the association between
change in liver stiffness on MRE and change in scores of clinical prediction rules for fibrosis
in NAFLD including FIB-4 and NFS was assessed.
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STATISTICAL ANALYSES

Results

We hypothesized that a 215% increase in liver stiffness on MRE would be associated with
fibrosis progression and that the risk of fibrosis progression in the group with MRE =15%
would be 50% compared to 15% in those without a =15% increase in liver stiffness on MRE.
Power analysis showed that a sample size of 74 (30% of whom had a 215% increase) would
provide 80% power with a two-tailed alpha of 0.05. Therefore, we had adequate power to
detect the aforementioned association with fibrosis progression. Descriptive statistics of
participant demographic, laboratory, histological, and imaging characteristics at baseline
were presented at baseline and follow-up. The association between change in liver stiffness
dichotomized to >15% increase versus <15% increase, and fibrosis progression was assessed
using the chi-squared test. Similarly, the association between change in liver stiffness
dichotomized to =15% decrease versus <15% decrease, and fibrosis improvement was
assessed using the chi-squared test. Univariate and multivariate logistic regression analyses
to assess for the association between a =15% increase as the independent variable and
fibrosis progression as the dependent variable was performed. Additional analysis to assess
for the association between a >15% decrease as the independent variable and fibrosis
improvement as the dependent variable was also performed. Multivariate analysis included
age, sex, and BMI chosen a priori. Univariate logistic regression of baseline and change in
predictors of progression to advanced fibrosis among those without advanced fibrosis at
baseline was performed. The association between change in levels of FIB-4 and NFS and
dichotomized change in liver stiffness by MRE was assessed with the Student #test.
Statistical significance was defined as a two-tailed Pvalue of <0.05. All statistical analyses
were performed on SAS, version 9.4 (SAS Institute, Cary, NC).

CHARACTERISTICS OF THE STUDY POPULATION

One hundred and two patients with NAFLD with paired liver biopsies and paired MRE were
included. Participants had a mean age of 51.7 years and were predominantly female (63%);
39% were of Hispanic ethnicity, and the mean BMI was 32.6 kg/m?2. At baseline, 92 (90%)
of the 102 participants were classified as definite NASH, 8 (8%) as NAFLD not NASH, and
2 (2%) as “borderline” NASH; 27% had no fibrosis, 35% stage 1, 12% stage 2, 17% stage 3,
and 10% stage 4 fibrosis (Table 1).

At baseline and follow-up, the mean (SD) baseline MRE value was 2.9 kPa (+1.4) and 2.8
kPa (£1.4), respectively. Liver stiffness on MRE had a positive correlation with fibrosis
stage (Fig. 1). MRE had excellent diagnostic accuracy for advanced fibrosis at baseline (c =
0.92) and at follow-up (¢ = 0.91). The median (IQR) time between biopsies was 1.4 (2.15)
years and did not vary between those with and without fibrosis progression (P=0.94 . The
mean biopsy length at baseline and follow-up were 2.2 cm and 1.9 cm, respectively. At
follow-up biopsy, 23 (25%) of the 92 patients without cirrhosis at baseline had fibrosis
progression on histology. Among 75 patients with fibrosis at baseline, 21 (28%) had fibrosis
improvement on follow-up liver biopsy. Overall, 58 patients had no change in fibrosis stage
from baseline to follow-up.
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ASSOCIATION BETWEEN A =215% INCREASE IN MRE AND FIBROSIS PROGRESSION

Of 92 patients without cirrhosis at baseline, 17 (18%) had a =15% increase in liver stiffness.
Patients with a =215% increase in liver stiffness on MRE had more fibrosis progression than
those with a <15% increase in liver stiffness on MRE (47.1% versus 20.0%, 2= 0.0298)
(Table 2). The diagnostic characteristics of alternate cutoff points resulted in lower
specificity or decreased negative predictive value (Supporting Table S1). A =15% increase in
liver stiffness on MRE had an unadjusted odds ratio (OR) of 3.56 (95% confidence interval
[CI], 1.17-10.76; P=0.0248) for fibrosis progression among 92 patients without cirrhosis at
baseline. The association between a =15% increase in MRE and fibrosis progression was
similar regardless of baseline fibrosis stage. In patients with FO, F1, F2, and F3 at baseline, a
>15% increase in MRE was associated with OR (95% CI) for fibrosis progression of 6.86
(0.603-77.98), 3.47 (0.456-26.37), 7.00 (0.397-123.3), and 2.75 (0.137-55.17),
respectively. After adjustment for baseline factors chosen a priori, BMI, age, and sex, the
association between a =15% increase in liver stiffness on MRE and fibrosis progression
remained statistically significant (OR, 3.36; 95% ClI, 1.10-10.31; A= 0.0339) (Fig. 2).

Baseline median values of the NFS were —0.83 and —1.51 for those with and without a
>15% increase in liver stiffness on MRE, respectively (P= 0.3453). Median changes in NFS
were +0.2 and —0.8 for those with and without a >15% increase in liver stiffness on MRE,
respectively (P=0.1813). Baseline median values of FIB-4 were 1.39 and 1.26 for those
with and without a >15% increase in liver stiffness on MRE, respectively (P=0.6713).
Median changes in FIB-4 were +0.13 and —0.05 for those with and without a 215% increase
in liver stiffness on MRE, respectively (P= 0.0723) (Table 2). Increase in FIB-4, but not
NFS, was associated with fibrosis progression in univariate logistic regression analysis:
FIB-4 (OR, 1.40 [per 0.2-unit change]; 95% CI, 1.11-1.771; P=0.0046) and NFS (OR 1.16
[per 0.2-unit change]; 95% CI, 0.96-4.85; £=0.0642). The longitudinal change in MRE,
liver histology, and clinical prediction rules of a representative patient are depicted in Fig. 3.
Among the patients with fibrosis progression, FIB-4, NFS, aspartate aminotransferase
(AST), and alanine aminotransferase (ALT) all increased in patients with =15% increase in
MRE stiffness compared to those without (Supporting Table S2).

ASSOCIATION BETWEEN A 215% DECREASE IN MRE AND FIBROSIS IMPROVEMENT

Of 75 patients with fibrosis at baseline, 20 (27%) had a =15% decrease in liver stiffness.
Patients with a >15% decrease in liver stiffness on MRE did not have more fibrosis
improvement than those with a <15% decrease in liver stiffness on MRE (20% versus 31%,
P=0.3521). In sensitivity analysis excluding patients with liver biopsy length <2 cm at
baseline or follow-up, 50% of patients with a =15% decrease in liver stiffness on MRE had
fibrosis improvement compared to 22% without a >15% decrease in MRI; however, the
difference was not statistically significant (P=0.53).

Baseline median values of the NFS were —1.59 and —0.98 for those with and without a
>15% decrease in liver stiffness on MRE, respectively (P=0.6890). Median changes in NFS
scores were —0.08 and —0.04 for those with and without a =15% decrease in liver stiffness
on MRE, respectively (P = 0.4625). Baseline median values of FIB-4 were 1.27 and 1.28 for
those with and without a =15% decrease in liver stiffness on MRE, respectively (P=
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0.6462). Median changes in FIB-4 were —0.05 and —0.02 for those with and without a 215%
decrease in liver stiffness on MRE, respectively (P = 0.3204). Neither change in FIB-4 nor
NFS were associated with histologic improvement on univariate logistic regression analysis.

PREDICTORS OF RAPID PROGRESSION TO ADVANCED FIBROSIS

Seventy-five patients with FO-F2 fibrosis at baseline were at risk for progression to advanced
fibrosis, of whom 7% (n = 5) progressed to advanced fibrosis at follow-up over a median
(IQR) of 1.32 (0.73) years. In univariate analysis a >215% increase in MRE was the strongest
predictor of progression to advanced fibrosis (OR, 4.90; 95% CI, 1.35-17.84; P=0.0159).
Baseline age, sex, BMI, presence of diabetes, race, and hepatocyte ballooning grade were
not significantly associated with rapid progression to advanced fibrosis. Increase in AST and
decrease platelet count were associated with progression to advanced fibrosis but change in
ALT was not (Table 3). Additional detail regarding these 5 patients is provided in the
Supporting Information. Two patients had a >15% increase in MRE stiffness and rapid
progression, both of whom went on to develop clinically significant portal hypertension.
Two patients were likely understaged at baseline by biopsy but correctly staged on MRE.
Both had a longitudinal decrease on MRE. One of these patients had a third liver biopsy
with improvement in liver fibrosis, supporting the veracity of the MRE improvement.
Importantly, the patients’ NITs also improved. The other patient had an NFS and MRE
consistent with advanced fibrosis at baseline but had stage 1 fibrosis on liver histology.
Follow-up liver biopsy 16 months later revealed stage 3 fibrosis. Finally, one patient with
minimal change on MRE may have had overstaged liver fibrosis on liver histology compared
to MRE. The patient had a third liver biopsy 3 years later revealing stage 0 fibrosis, which
was consistent with prior MRE results.

Discussion
MAIN FINDINGS

Using a prospective, longitudinal cohort of well-characterized NAFLD patients with paired
liver biopsies and paired MRE measurements, we demonstrate that a 15% increase in MRE
was associated with histologic fibrosis progression and that this association remained
significant despite adjustment for age, sex, and BMI. Importantly, a subset of patients with
NAFLD may have rapid histologic progression to advanced fibrosis, and a 15% increase in
MRE was the strongest predictor of progression from early fibrosis to advanced fibrosis and
helped distinguish true progression from possible biopsy misclassification in 5 patients with
long-term follow-up. In this study, a 15% improvement in MRE was not associated with
fibrosis improvement. These data suggest that a =15% increase in liver stiffness on MRE
may help identify patients with early fibrosis who are progressing to advanced fibrosis.

IN CONTEXT WITH PUBLISHED LITERATURE

With fibrosis stage established as the strongest predictor of outcomes in patients with
NAFLD, change in fibrosis stage has been recognized as an important endpoint in both
treatment trials and the clinical management of NAFLD. Progression in fibrosis may
indicate the need for screening for hepatocellular carcinoma or esophageal varices and in the
future may represent an indication for pharmacologic intervention. Current NITs have been
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limited in their ability to detect NAFLD fibrosis progression. A key component of this
limitation may be related to the inherent limitations of liver biopsy as a gold standard that
has substantial diagnostic limitations based on the size of the sample, (3%) heterogeneous
distribution of the disease,(”) and interobserver variability(38) in pathologic interpretation.

The ability of serum NITs to predict changes in histologic fibrosis is mixed. While baseline
levels of the enhanced liver fibrosis (ELF) panel were associated with progression to
cirrhosis and hepatic decompensation in a secondary analysis of the simtuzumab trial,
change in ELF was not associated with progression to cirrhosis.(37) Similarly, changes in
FIB-4 were not associated with fibrosis improvement in a secondary analysis of a trial of
lifestyle intervention; however, change in NFS was associated with change in fibrosis.(38) In
a secondary analysis of the Farnesoid X Nuclear Receptor Ligand Obeticholic Acid in
NASH Treatment trial comparing obeticholic acid to placebo among patients with biopsy-
proven NASH, a change in FIB-4, but not NFS, was associated with fibrosis improvement.
(39) Optimal thresholds for change in VCTE measurement associated with one-stage
progression or regression have not yet been defined in NAFLD. In chronic hepatitis C,
VCTE values improve with sustained virological response before putative fibrosis
improvement.(49) A secondary analysis of a phase 2 clinical trial demonstrated that change
in MRE correlated with changes in fibrosis but was limited to only 8 patients with fibrosis
progression and 24 weeks of follow-up.(21)

This study incorporated a substantially larger sample size and longer follow-up and
demonstrated that an increase in MRE is associated with histologic disease progression
independent of age, sex, and BMI. The optimal cutoff point for increase in a biomarker
depends upon the within-person coefficient of variation, which is low (7%) for MRE based
on a recent meta-analysis.(41) This coefficient of variation was the basis for the
recommendation from the Quantitative Imaging Biomarkers Alliance that a 19% change in
MRE coincides with 95% confidence of a true change. Importantly, the meta-analysis
included studies with substantial heterogeneity, and many studies did not report if the
patients were imaged in fasting conditions, which could contribute to greater within-person
variation. In this study all imaging was performed at the NAFLD Research Center, UCSD,
which has substantial experience with MRE; and patients were imaged in the fasting state.
Therefore, a lower threshold of change, a 15% increase, can be reasonably associated with
high confidence for a true change in liver stiffness.

Importantly, MRE demonstrated excellent cross-sectional diagnostic accuracy in this study,
and the association between a 15% increase in MRE and fibrosis progression was similar
regardless of the baseline stage of fibrosis. A =15% increase in MRE may be useful in
detecting changes in earlier stages of fibrosis, which parallels the superior cross-sectional
diagnostic accuracy of MRE compared to other NITs among patients with early fibrosis.

STRENGTHS AND LIMITATIONS

Although our study provides a rigorous evaluation of the association between longitudinal
changes in liver histology and MRE among patients with NAFLD, certain limitations exist.
Fibrosis progression in NAFLD is typically slow, with a previous meta-analysis finding that
on average patients with NASH progress one stage of fibrosis every 7 years.(2) Importantly,
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20% of patients who progressed in this meta-analysis, did so rapidly; and if validated,
change in MRE may serve as an NIT to detect this high risk population. In our study,
patients with rapid progression (n = 5) had long-term follow-up, which demonstrated that
60% of them may have been misclassified by liver biopsy and may not reflect true histologic
progression. The patients with histologic progression and a =15% increase in MRE went on
to develop cirrhosis with portal hypertension, suggesting that a longitudinal increase in MRE
may help discriminate true rapid progression from possible biopsy misclassification. Larger
multicenter studies of patients with rapid histologic progression and data on changes in NITs
are needed to better discriminate possible biopsy misclassification from true disease
progression. A 15% decrease in liver stiffness on MRE was not associated with fibrosis
improvement in our study; therefore, a 15% threshold of change in liver stiffness cannot be
used as a marker of histologic improvement. However, in sensitivity analysis limited to
patients with biopsy length =2 cm at baseline and follow-up, patients with a =15% decrease
in MRE had more fibrosis improvement, albeit not statistically significant. This highlights a
potential limitation of liver biopsy as an imperfect gold standard and warrants further study
before dismissing the potential prognostic value of an improvement in liver stiffness on
MRE. Furthermore, due to the limited number of patients who progressed by greater than
one stage of fibrosis (n = 4) a “dose response” could not be sufficiently characterized. The
limited number of patients with disease progression also led to wide confidence intervals and
limits our ability to perform multivariate adjustment; therefore, validation studies are
required. In addition, while MRE was associated with fibrosis progression, its sensitivity in
this study was not adequate for it to serve as a stand-alone noninvasive biomarker of fibrosis
progression. Determining if this limitation is related to using histology as a reference will
require larger long-term studies with assessment of histology-independent outcomes
including hepatic decompensation and death. Finally, MRE is not widely available; however,
MRI is broadly available, and with increasing automation, cross-platform compatibility, and
minimal additional hardware requirements, broader use of MRE is potentially feasible where
MRI is available.

IMPLICATIONS FOR FUTURE RESEARCH

This study provides evidence that longitudinal changes in MRE are associated with
histologic fibrosis progression. Furthermore, these findings appear robust to adjustment for
patient demographics and demonstrate similar performance across the spectrum of fibrosis.
Larger, multicenter studies validating these findings and evaluating a possible association
between improvement in MRE and histologic improvement in fibrosis are warranted.
Additional studies are needed to assess the association between baseline and change in liver
stiffness on MRE and clinical outcomes including progression to cirrhosis, hepatic
decompensation, and mortality. In conclusion, our study demonstrates that a 15% increase in
MRE is associated with fibrosis progression including the transition from early fibrosis to
advanced fibrosis, which is associated with an exponential increase in the risk of liver-
related mortality for patients with NAFLD. These data require further validation in a larger
multicenter study linking change in MRE with liver-related outcomes.

Hepatology. Author manuscript; available in PMC 2021 March 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ajmera et al. Page 10

Supplementary Material
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NASH nonalcoholic steatohepatitis
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NFS NAFLD fibrosis score

NIT noninvasive test

OR odds ratio
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FIG. 1.

Distribution of liver stiffness on MRE with box plot (y~axis) by fibrosis stage (x-axis) at
baseline (left) and follow-up (right). Spearman correlation coefficients at baseline and
follow-up are 0.630 and 0.655, with Pvalues of <0.0001 and <0.0001, respectively.

Abbreviation: 2D, two-dimensional.
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OR 3.6 aOR 3.4
95% Cl: 1.2-10.8 95% Cl: 1.1 -10.3
p=0.02 p=0.03

*Adjusted for age,
sex and BMI

Change in MRE <15% Change in MRE 2 15% Change in MRE 2 15%*
FIG. 2.

ORs for fibrosis progression by change in liver stiffness on MRE. Abbreviation: aOR,
adjusted OR.
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FIG. 3.
Longitudinal fibrosis progression by MRE assessment. (A) MRE of the liver. The patient’s

MRE-assessed liver stiffness increased from 3.06 to 4.40 kPa (a value above 3.63 is
associated with a 92% accuracy for stage 3—4 fibrosis). (B) Liver histology depicting fibrosis
progression from stage 2 to stage 3 on the NASH CRN histologic scoring system at follow-
up. Values of clinical prediction rules FIB-4 and NFS at baseline and follow-up were 0.96
and 0.08 and 2.10 and 0.81, respectively.
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Clinical, Demographic, Histologic, and Imaging Characteristics at Baseline and Follow-Up

TABLE 1.

Baseline (n = 102)

Follow-Up (n = 102)

Demographic
Age in years, mean (SD)
Male, n (%)
BMI (kg/m?), mean (SD)
Race/ethnicity, n (%)
White
African American
Asian
Hispanic
Other
Diabetes, n (%)
Biochemical profile
AST (U/L), median (IQR)
ALT (U/L), median (IQR)
Alkaline phosphatase (U/I), median (IQR)
Total bilirubin (mg/dL), median (IQR)
Albumin (g/dL), median (IQR)
HOMA-IR median (IQR)
Triglycerides (mg/dL), median (IQR)
Total cholesterol (mg/dL), median (IQR)
HDL (mg/dL), median (IQR)
LDL (mg/dL), median (IQR)
Platelet count (10%/L), median (IQR)
Clinical prediction rule
FIB-4
NFS
Histology
Fibrosis stage, n (%)
0
1
2
3
4
NASH classification, n (%)
Not NAFLD
NAFLD not NASH
Borderline NASH
Definite NASH

Steatosis grade, n (%)

Hepatology. Author manuscript; available in PMC 2021 March 01.

51.7 (13.6)
38(37.3)
326 (5.3)

43 (42.2)
2(2.0)
13 (12.7)
40 (39.2)
4(3.9)
47 (46.1)

35.0 (33.0)
45.5 (46.0)
73.5 (27.0)
0.4(0.3)
4.4(0.4)
6.5(7.4)
1455 (88.0)
182.0 (48.0)
43.0 (18.0)
99.5 (43.0)
246.0 (84.0)

13(L1)
-13(2.2)

27 (26.5)
36 (35.3)
12 (11.8)
17 (16.7)
10 (9.8)

0
8(7.8)
2(2.0)

92 (90.2)

53.4 (13.5)

32.7 (5.6)

33.5 (30.0)
455 (46.0)
75.5 (32.0)
0.4(0.3)
45(0.4)
7.3(6.1)
144.0 (83.0)
174.0 (60.0)
47.0 (19.0)
93.0 (46.0)
235.0 (96.0)

12 (1.1)
-14(2.1)

30 (29.4)
30 (29.4)
12 (11.8)
19 (18.6)
11 (10.8)

3(2.9)
28 (27.5)
6 (5.9)
65 (63.7)
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Baseline (n =102)  Follow-Up (n = 102)

0 1(1.0) 3(2.9)
1 35 (34.3) 54 (52.9)
2 41 (40.2) 34 (33.3)
3 25 (24.5) 11 (10.8)
Lobular inflammation grade, n (%)
0 0 1(1)
1 39 (38.2) 46 (45.1)
2 58 (56.9) 48 (47.1)
3 5 (4.9) 7(6.9)
Ballooning grade, n (%)
0 10 (9.8) 31(30.4)
1 56 (54.9) 54 (52.9)
2 36 (35.3) 17 (16.7)
NAS median (IQR), n (%) 5.0 (2.0) 4.0 (2.0)
Imaging
Baseline MRI-PDFE (%), mean (SD) 14.1 (10.5) 12.5 (10.9)
MRE (kPa) 2.9 (1.4) 2.8 (1.4)

Abbreviations: HDL, high-density lipoprotein; HOMA-IR, Homeostatic model assessment method for insulin resistance, calculated as (fasting
insulin [microunits per milliliter] x fasting glucose [millimoles per liter])/22.5; LDL, low-density lipoprotein; MRI-PDFF, MRI-based proton
density fat fraction; NAS, NAFLD activity score.
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TABLE 3.

Univariate Predictors of Progression to Advanced Fibrosis, n = 75
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Univariate Predictors OR (95% CI) P

Baseline factors
Age (year) 0.99 (0.96-1.03) 0.6106
Female 1.86 (0.65-5.32)  0.2492
BMI (kg/m2) 1.06 (0.96-1.19)  0.2573
Diabetes 1.09 (0.39-3.03)  0.8673
Race (white versus other) 2.03(0.73-5.63)  0.1758
Hepatocyte ballooning (grade 2 versus 0-1)  0.99 (0.30-3.22)  0.9808

Change in factors
MRE 215% increase in LSM 4.90 (1.35-17.84)  0.0159
AST (UIL) 1.02 (1.00-1.04)  0.0424
ALT (U/L) 1.01(1.00-1.02)  0.0917
Platelet count (10%/L) 0.99 (0.97-1.00)  0.0380
BMI (kg/m2) 1.27 (0.95-1.69)  0.1139

Bold indicates significance.
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