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Abstract

Objectives: Early-phase pediatric nonalcoholic fatty liver disease (NAFLD) clinical trials are
designed with non-invasive parameters to assess potential efficacy. Increasingly, these parameters
include MRI-derived proton density fat fraction (PDFF) and MR elastography (MRE)-derived
shear stiffness as biomarkers of hepatic steatosis and fibrosis, respectively. Understanding
fluctuations in these measures is essential for calculating trial sample sizes, interpreting results,
and planning clinical drug trials in children with NAFLD. Lack of such data in children comprises
a critical knowledge gap. Therefore, the primary aim of this study was to assess whole-liver MRI-
PDFF change in adolescents with nonalcoholic steatohepatitis (NASH) over 12 weeks.

Methods: Adolescents 12-19 years with biopsy-proven NASH undergoing standard-of-care
treatment were enrolled. Baseline and week-12 assessments of anthropometrics, transaminases,
MRI-PDFF, and MRE-stiffness were obtained.
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Results: Fifteen adolescents were included (mean age 15.7 [SD 2.9] years). Hepatic MRI-PDFF
was stable over 12 weeks (mean absolute change —0.8%, p = 0.24). Correlation between baseline
and week-12 values of MRI-PDFF was high (ICC = 0.97, 95% CI 0.90 — 0.99). MRE-stiffness was
stable (mean percentage change 2.7%, p = 0.44); correlation between baseline and week-12 values
was moderate (ICC = 0.47; 95% CI: 0, 0.79). Changes in weight, BMI, and aminotransferases
were not statistically significant.

Conclusions: In adolescents with NASH, fluctuations in hepatic MRI-PDFF and MRE-stiffness
over 12 weeks of standard-of-care were small. These data on the natural fluctuations in
quantitative imaging biomarkers can serve as a reference for interventional trials in pediatric
NASH and inform the interpretation and planning of clinical trials.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver disease in
adolescents! and the leading reason for liver transplantation in young adults.2 The
prevalence of NAFLD has risen rapidly among children in the United States.> NAFLD
encompasses a broad spectrum of liver disease severity ranging from isolated steatosis, to
nonalcoholic steatohepatitis (NASH) with advanced fibrosis and cirrhosis.# Children with
NASH are at higher risk of serious comorbidities such as type 2 diabetes, hypertension, left
ventricular strain, dyslipidemia, and obstructive sleep apnea, and they have a lower quality
of life compared to children without NASH.5-10 Despite this large disease burden, there is no
proven, safe, and effective medication to treat pediatric NAFLD.

To better enable the planning and execution of clinical trials and develop effective therapies
for NAFLD in children, improvements in methodologies evaluating outcome measures of
pediatric NAFLD are needed. Currently, the definitive diagnosis and characterization of
NAFLD relies on liver histology; however, the invasive nature, potential for sampling error,
and cost of liver histology make it impractical as a repeated measure over a short period of
time, which is required for early phase clinical trials. Quantitative imaging biomarkers such
as magnetic resonance imaging-derived proton density fat fraction (MRI-PDFF) and MR
elastography (MRE)-derived shear stiffness (MRE-stiffness) are noninvasive techniques to
measure hepatic steatosis and stiffness, respectively, and may be better suited for the task of
disease stratification and monitoring in NAFLD.11-14 Additionally, MRI is well suited for
the pediatric population in that it does not use ionizing radiation. In a study of 174 children,
MRI-PDFF was strongly correlated with hepatic steatosis evaluated by liver histology,1® and
in a recent study of 90 children with biopsy-proven NAFLD, MRE was significantly
correlated with fibrosis stage.13

Given the promising performance of MR quantitative biomarkers to assess pediatric
NAFLD, six out of ten active early-phase pediatric NAFLD clinical trials are utilizing these
imaging biomarkers as a primary or secondary outcome measure.18 Yet no pediatric data
exist to delineate the natural course of either MRI-PDFF or MRE-stiffness within the
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timeline of a therapeutic trial. Understanding normal, short-term natural fluctuations in these
measures is essential to design and interpret clinical trials. Such fluctuations could affect
power analyses to determine clinical trial sample size, and the ability to detect drug and
placebo effects. The current lack of data regarding natural fluctuations in NAFLD-related
MR imaging biomarkers over the timeframe of pediatric NAFLD clinical trials comprises a
critical knowledge gap.

Therefore, the STEATOSIS (Short Term Evaluation in Adolescents, Transitoriness or
Stability in Steatosis) observational study was performed with a primary aim to assess
change in whole-liver MRI-PDFF in adolescents with NASH over a 12-week time course,
such as is commonly used in early-phase clinical trials. Secondary aims were to assess
changes over this time course in hepatic MRE-stiffness, as well as in per-segment MRI-
PDFF, and to investigate changes in other relevant parameters such as anthropometrics and
serum liver transaminases.

METHODS

Participants and Study Design

This was a prospective, longitudinal, observational study of adolescents with NASH over 12-
weeks. Participants were enrolled at UC San Diego Altman Clinical and Translational
Research Institute. Participants provided written informed assent and their parents provided
written informed consent before the screening visit was initiated. Ethics approval was
obtained from the Institutional Review Board of the University of California, San Diego.

Adolescents aged 12-19 years with an established clinico-pathological diagnosis of pediatric
NASH who were willing to undergo all research procedures and continue standard-of-care
treatment for NAFLD were eligible for enrollment in this study. No additional intervention
or treatment was initiated, but participants were encouraged to continue measures as per
their treating gastroenterologist. This study did not provide additional counseling outside of
the recommendations of their treating gastroenterologist. The participants were aware that
labs and MRI exams would be conducted at two time points with a 12-week interval.
Additionally, no medications were started or stopped in the 3 months prior to participation or
during participation in this study. To be included, participants had to have a biopsy-proven
diagnosis of pediatric NASH and evidence of ongoing disease including ALT =45 U/L and
MRI-PDFF = 10%. Exclusion criteria were: pregnancy; nursing; inability to undergo an MR
exam; or non-compensated liver disease. Simultaneous participation in a clinical trial was
not allowed.

Clinical Evaluation and Follow-up Evaluation

Assessments were conducted at baseline and at week 12. Each visit consisted of a review of
medical history; vital signs (blood pressure, pulse rate, respiratory rate and temperature);
anthropometrics (height, weight, waist and hip measurements); and fasting blood collection
(complete blood count with white cell differential, comprehensive metabolic panel, alanine
aminotransferase [ALT], aspartate aminotransferase [AST], gamma glutamy! transferase
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[GGT], coagulation tests, and lipid panel). Anthropometrics were performed twice and
averages reported.

All participants underwent MR imaging at baseline and at week 12. Prior to each MR exam,
participants were instructed to fast for four hours, and breath-hold instructions were
reviewed with the MR Technologist. All scans were performed on a 3T GE scanner (GE
DISCOVERY MR750 3.0T; GE Medical Systems, Waukesha, WI) with a torso phase-array
surface coil centered over the liver, and a dielectric pad placed between the abdominal wall
and the surface coil. Safety readings were performed for each MR exam.

Key MRI-PDFF scanning parameters were: 2D axial spoiled-gradient-echo end-expiration
breath-hold acquisitions, TR > 100 ms, six TE values evenly spaced from 1.15 to 6.9 ms, flip
angle 10 degrees, number frequency-encoding steps between 140 and 192, number phase-
encoding steps between 128 and 140, no filters, no saturation, slice thickness 6 to 10 mm
(contiguous), and rectangular field-of-view to accommodate body habitus.15-18

MRI-PDFF values (expressed as a percent) were derived from parametric maps computed
pixel-by-pixel from magnitude source images on an Osirix platform (Osirix Foundation,
Geneva, Switzerland) using a custom MatLab™ (The MathWorks, Natick, MA, USA)
nonlinear, least-squares fitting algorithm. MRI-PDFF values derived from parametric maps
have been shown to be nearly equivalent to values calculated directly from regions of
interest (ROIs) placed on magnitude MRI-PDFF source images.1® To obtain a whole-liver
MRI-PDFF value for each MR exam, a data analyst placed a 1-cm diameter ROI in each of
the nine liver Couinaud segments on 5M-echo source images taking care to avoid large blood
vessels and bile ducts, liver edges, any lesions, the gallbladder, and artifact. Those ROIs
were transferred to the PDFF parametric maps derived from the source images, mean MRI-
PDFF values from each of those ROIs was recorded, and a mean value for each MR exam
was calculated as the simple mean of those nine values. For each participant, ROI
placements for the week-12 exam were co-localized by data analysts to the ROI locations on
the baseline exam. MRI-PDFF segmental values were considered unreliable if there was
marked artifact in that segment. MRI-PDFF values over 40% derived from parametric maps
were checked against values calculated using magnitude (ie Lipoquant) fitting directly from
the regions of interest placed on the source images, and in cases of discordancy the values
calculated directly from source images were used.

MRE-stiffness

A passive acoustic driver providing continuous vibrations at 60 Hz was placed over the
anterior body wall, over the right lobe of the liver at the widest part of the liver, and 2D axial
gradient-echo (GRE) MRE was performed with the following scanning parameters: images
acquired at four contiguous slice locations; repetition time 50 ms; echo time 20.2 ms; flip
angle 30 degrees; matrix 256 x 64; field of view 36 x 36 cm to 48 x 48 cm depending on
body habitus; one-signal average; slice thickness 10 mm; interslice gap 0 mm; receiver
bandwidth + 31.25 kHz; array spatial sensitivity encoding technique with parallel imaging
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acceleration factor 2; motion sensitization along the z-direction; and four phase offsets.
Thus, four magnitude and four phase images were acquired at each of four contiguous slice
levels, for a total of 32 images per MRE exam.

MRE images were transferred offline for manual analysis by experienced analysts. A
parametric shear-stiffness parametric map (calibrated in units of kPa) was computed pixel-
by-pixel from wave images for each slice using a previously described two-dimensional
direct multimodal inversion algorithm within a custom software package (MRE Quant,
Mayo Clinic; Rochester, MN).20 Based on automatically-calculated goodness-of-fit values
from regression analysis, computer-derived confidence maps were generated depicting
pixels with confidence values > 0.95 (e.g., in pixels for which wave propagation was
considered to be adequate). Analysts then manually drew ROIs over the liver on elastogram
images for each of the four acquired slice levels, referring to the magnitude images to avoid
large blood vessels and bile ducts, edges of the liver, any lesions, the gallbladder, and
artifact. Hepatic stiffness was calculated for each MRE scan as the average liver stiffness
value for the ROIs drawn on images for the four acquired slice locations, weighted by the
areas of those ROIs. Experience in prior studies showing that a minimum of 700 pixels over
four acquired slices provides a stable estimate of weighted mean liver stiffness,?! thus MRE-
stiffness values were considered to be unreliable if the total ROl was < 700 pixels. Although
MR elastograms include the entire liver, only portions of the elastograms contain reliable
data, and collecting reliable data from each Couinaud segment is usually not possible. For
this reason, MRE does not lend itself to segmental analysis.

Data Analysis

RESULTS

The primary outcome was change in whole-liver hepatic MRI-PDFF from baseline to week
12. Secondary outcomes were change in hepatic MRE-stiffness, per-segment hepatic MRI-
PDFF, ALT, AST, GGT, and anthropometrics (height, weight, BMI and waist
circumference). A paired t-test was used to assess change in each measure from baseline to
week 12. To assess the extent of variability and signal stability between time points, the
intraclass correlation coefficient, limits of agreement, and Bland-Altman plots were reported
for MRI-PDFF and MRE-stiffness.?2

Study Population

A total of 23 adolescents were screened, six of whom were ineligible. Reasons for
ineligibility included ALT level < 45 U/L (n = 4), hepatic MRI-PDFF < 10% (n = 1), and
liver biopsy showing NAFLD but not NASH (n = 1). Of the 17 adolescents who were
enrolled, two did not complete the second required MR scan. Among the 15 participants
who completed both the baseline and week-12 scans, all scan results were considered
reliable and were included in the analysis. For these 15 participants, the mean NAFLD
Activity Score was 4.5 (SD 0.9) and 53% (8/15) had fibrosis. No participant had cirrhosis.
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Demographics and Laboratory Values

Mean participant age was 15.7 (SD 2.91) years, with a mean BMI of 34.6 (SD 4.55) kg/m?
and a mean change in BMI over 12 weeks of +0.14 kg/m? (p = 0.56, SD 0.91). Mean
participant weight was 95.2 kg (SD 16.24), and mean change in weight over 12 weeks was
+0.97 kg (p = 0.45, SD 2.0). Mean ALT at baseline was 114 U/L (SD 77), and mean change
in ALT over 12 weeks was -18 U/L (SD 49). Mean AST was 53 U/L (p = 0.19, SD 26) at
baseline, and mean change in AST over 12 weeks was -8 U/L (p = 0.23, SD 26). Mean GGT
was 58 U/L (SD 35) at baseline, and mean change in GGT over 12 weeks was —4 U/L (p =
0.45, SD 18). Demographics and laboratory values are summarized in Table 1.

Change in MRI-PDFF

Whole-liver and per-segment changes in MRI-PDFF are summarized in Table 2.

Whole-liver change—Mean whole-liver hepatic MRI-PDFF at baseline was 20.6% (SD
10%). Mean absolute change in MRI-PDFF from baseline to week 12 was —0.8% PDFF (SD
2.6%; p = 0.24), and mean re/ative change in MRI-PDFF over that period was —3.8% (p =
0.25). The range of absolute change in MRI-PDFF from baseline to week 12 was +2.3% to
-5.0%. The correlation between baseline and week-12 MRI-PDFF was high (ICC = 0.97;
95% ClI: 0.90, 0.99). Bland-Altman plots are presented in Figure 2.

Per-segment changes—The absolute changes in mean per-segment MRI-PDFF was not
significant for any segment (p > 0.05, for each segment individually). The largest mean per-
segment relative MRI-PDFF change was for segment 8 (—6.2% PDFF); segment 4a had the
smallest mean per-segment absolute change over 12 weeks (+0.7% PDFF).

Change in MRE-stiffness

MRE-stiffness did not change over the 12-week time course of this study (p = 0.54); mean
values at baseline and at week 12 were 2.29 kPa and 2.34 kPa, respectively, and relative
mean change from baseline to week 12 was +2.7% (SD 13.1%). Correlation between
baseline and week-12 MRE-stiffness was moderate (ICC = 0.47; 95% CI: 0, 0.79) (Table 2,
Figures 1 and 2).

DISCUSSION

We performed a prospective, longitudinal, observational study to determine the change in
MRI-PDFF and MRE-stiffness over a 12-week period of standard-of-care treatment in
adolescents aged 12-19 years with pediatric NASH. All MR exams were well tolerated. We
observed small changes from baseline to week 12 in MRI-PDFF and MRE-stiffness, but
those changes were not statistically significant.

The primary outcome of this study was change in hepatic MRI-PDFF, a high precision and
accurate quantitative imaging biomarker of hepatic steatosis. Several studies have measured
the precision of MRI-PDFF within the same day, but those studies did not assess the natural
fluctuation within a timeframe relevant to a clinical trial. In a study of 29 adults with obesity,
the inter-examination repeatability of MRI-PDFF between three measurements performed

J Pedliatr Gastroenterol Nutr. Author manuscript; available in PMC 2021 April 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Goyal et al.

Page 7

over a two-hour period demonstrated intraclass correlation coefficient of 0.999 and range <
0.45%.23 The authors concluded that an absolute change in PDFF greater than 1.6% is likely
to represent true biological change rather than measurement error. Similarly, a study of 36
post-menopausal women undergoing MRI-PDFF twice within the same day reported an
agreement of PDFF within +1.9%.24 The sizes of these normal fluctuations in MRI-PDFF
are much smaller than changes that have been reported to represent clinically relevant
change in adult clinical trials,12 in whom a greater than 25% decrease in MRI-PDFF from
baseline has been associated with improvement in the NAFLD activity score.2® The present
study, with a mean absolute change in MRI-PDFF over 12 weeks of standard-of-care
treatment of —0.8%, is consistent with these prior studies of MRI-PDFF precision,
demonstrating minimal fluctuation.

In the current study, the change in MRE-stiffness was small, 2.7%. There are minimal data
available to make a direct comparison. A recent meta-analysis evaluating twelve studies and
274 patients reported that the overall repeatability coefficient of hepatic shear stiffness
scores ranged from 12% to 37%.28 Mean sample size in repeatability studies was 23
participants, and studies varied in terms of subject population (healthy vs diseased). Time
between imaging studies ranged from several minutes to 6 weeks. Overall mean repeatability
coefficient was 22% (95% CI: 16%, 28%). In adults with NAFLD, it is thought that MRE-
stiffness measurements are affected mainly by fibrosis and to a lesser extent by
inflammation with steatosis having little if any impact. The relative contributions of fibrosis,
inflammation, and steatosis on MRE-stiffness in children with NAFLD is unknown and
merits investigation. Additionally, there is further work needed to know how much change in
MRE-stiffness is required to represent a true change in liver inflammation and/or fibrosis. In
our study, the correlation between baseline and week-12 MRE was moderate (ICC = 0.48),
suggesting that MRE-stiffness estimates are noisy. In studies evaluating MRE as an outcome
measure, multiple acquisitions at each time point may be required to improve the precision
of those estimations.

In this observational study, we characterized natural fluctuations of MRI-PDFF and MRE-
stiffness in adolescents with NASH and ongoing standard-of-care over a 12-week time
course, which is a typical time course for many drug development clinical trials. Because
contemporary clinical trials are increasingly utilizing these quantitative imaging biomarkers
as outcomes, these data are necessary for designing and interpreting clinical trials in
pediatric NASH, including the determination of sample size. In this study, the mean absolute
change in MRI-PDFF was —0.8%, and the mean relative change was —3.8%. In 95 percent of
children, the change in MRI-PDFF would be between a 5.8% reduction and a 4.2% increase;
thus in a clinical trial setting changes within these limits would be reasonably expected in a
monitored group and may be considered to reflect natural fluctuations in these measures. For
an intervention group as part of a clinical trial, a change greater than this range would be
needed to reflect clinically relevant change and not just natural fluctuation. Additionally, in
studies that lack a control group, these data could serve as a comparator.

A major strength of this study was that it was conducted in a population of well-
characterized adolescents with a clinicopathologic diagnosis of pediatric NASH. Only
participants with NASH were included because among children with NAFLD, those with
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NASH are at greatest risk for adverse liver outcomes and serious comorbidities. Thus,
children with NASH are the target population for pharmacologic trials and ultimately
treatment with medication. Including only adolescents was also intentional, as there are
considerable differences in adolescents compared to younger children with respect to the
type of inflammation that is predominant. Among children with NAFLD, those with zone 3
centered NASH are predominantly 13 or older and those with zone 1 centered NASH are
often pre-pubertal.* Another strength was that participants had ongoing standard-of-care
management, which reflects the natural course of the disease, whereas data from a clinical
trial may be influenced from participation in an intervention, even in the placebo group as
patients with NASH receiving placebo can have improvement in histology, ALT, and MRI
biomarkers.2” The sample size was consistent with the sample size for early stage clinical
trials in children with biopsy-proven disease.28:29

This was the first study to assess longitudinal change in hepatic steatosis and fibrosis, as
measured by MRI-PDFF and MRE-stiffness, respectively, in adolescents with NASH to
determine the natural course of these measurements over a typical therapeutic clinical trial
time course. After 12 weeks of standard-of-care treatment, mean whole-liver MRI-PDFF
was stable with an absolute percentage decrease of less than one percent. MRE-stiffhess
demonstrated greater variability, with a moderate correlation at baseline and week 12. There
were no significant changes in anthropometrics, including BMI, or laboratory values,
including ALT, over the 12-week time course of this study. These data on the natural
fluctuation in quantitative imaging biomarkers can serve as a reference for interventional
trials in pediatric NASH and inform the interpretation of clinical trial results for hepatic
MRI-PDFF and hepatic MRE-stiffness.
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What is Known:
. Non-invasive biomarkers are needed for clinical trials in pediatric NAFLD

. Advanced MRI techniques can measure liver fat and liver stiffness accurately
in children, however how these measures vary with time is unknown

What is New:

. In adolescents with nonalcoholic steatohepatitis (NASH), we demonstrated
that MRI-derived proton density fat fraction (PDFF) and MR elastography
(MRE)-derived shear stiffness are stable over a 12-week time course

. These noninvasive tools can be useful to determine whether a change in
hepatic steatosis or stiffness is due to natural fluctuations or a specific
intervention such as a novel therapy in a clinical trial
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Table 1.

Subject Characteristics and Mean Laboratory Values

Baseline Week 12 p-value

Sex, N (%)

Female 2 (13.3%)

Male 13 (86.7%)
Mean age (SD), yrs 15.7 (2.2)
Mean weight (SD), kg 95.2(16.2) 96.2(18.2) 0.09
Mean height (SD), cm 165.5(8.3) 166.1(8.4) 0.02
Mean BMI (SD), kg/m? 347(46) 348(51) 0.56
ALT (SD), U/L 114 (77) 96 (67) 0.19
AST (SD), U/L 55 (29) 47 (19) 0.23
GGT (SD), U/L 58 (35) 54 (39) 0.45
Glucose (SD), mg/dL 93 (23) 95 (19) 0.59
HbA1c (SD), % 5.5(0.7) 5.6 (0.6) 0.63
Insulin (SD), mU/mL 34 (11) 35 (12) 0.72
Triglycerides (SD), mg/dL 156 (99) 165 (100) 0.69
Cholesterol (SD), mg/dL 167 (31) 163 (32) 0.53
LDL (SD), mg/dL 103 (25) 93 (26) 0.12
HDL (SD), mg/dL 36 (7) 38 (9) 0.26

Page 14

SD = standard deviation; BMI = body mass index; ALT = alanine aminotransferase; AST = aspartate aminotransferase; GGT = gamma glutamyl

transferase; Hb = hemoglobin; LDL = low density lipoptrotein; HDL = high density lipoprotein

J Pedliatr Gastroenterol Nutr. Author manuscript; available in PMC 2021 April 18.



Page 15

Goyal et al.

|eAJ8ul 8oUBpUOI = |D ‘AydeiBolsels aoueuosal onaubew = JYA ‘uondel) 1e) Alisuap uoloid = 44ad

(£'0'90-) (62°0'0) 870 _ 44 _ (renese _ G50 _ (9°0-5°0- ‘2€°0) 500 (oegT've0)vee | (26T L20)6CT afesany
(ed) ssauyns Jeays-34N
(e'5'98-) | (86°0'28°0) €60 L00 | (rem)go- 010 | (€ev01-'5€)9T- | (56e-GL'00T) TTZ | (Lvv-L2°L0T) Lce | 8awlag
(v 'v'2-) | (86'0'58'0) G6'0 100 | (0€T)89- 2to | (62€L-'Te)vT- (ror-0L'6'6) 2T | (9°ev-8'8'T0T) 0'€z | L Iuawbas
(0s'v'2-) | (86°0'98°0) 560 v10 | (9¥1)6'G- ST0 | (eTvi-‘ze)eT- | (06e-L9'ToT) 80z | (SEV-69°G0T) T'ee | 9 uawbas
(sv'0L-) | (86'028'0) G6'0 0o | (S€1)Lv- ero | (8Tl L-'0€)ET- (ree-vL'26)TTe | (€ev'cL'eon) v'ze | Giuawbes
(ev'8v-) | (66°0'€6°0) L60 950 | (vDee- 690 | (ee9e-'ee)e0- | (6,6-06-'00T) 96T | (€8€-G9'8'6) 66T | ayuawbas
(z6'T9-) | (66°0'88°0) 960 680 (6'81) L0 €50 | (7'€-99-'62) 50— (51e-2','6'8)8'8T | (T'TV-8'G'0'0T) €'6T | ey uawbos
(05'95-) | (66°0'16°0) 60 1650 | (s Lz- 690 | wv9v-'L2)eo- | (coezv'vor) 88T | (TOr-67 TOT)T6T | €iuswbas
(se'6'v-) | (66°0'€6'0) 860 G900 | (€v¥T) LT~ 2eo | (se0v-'T2) L0- (e'8e-£'G'86) v'LT | (L'Tv-6'C'¥v0OT) T'8T | ¢ Iuawbos
(99'z2-) | (86°0'€8°0) 760 €60 | (e61)v0- v20 | (rseze-'se)eo- | (Tseve'00r) 06T | (1'6E-G2'S6) €6T | Tiuawbas
(zv'8'-) | (66'0'06'0) L60 G20 | (rer)ge- veo | (52-06-'92)80- (L'2e-29',6) 86T | (2'TV-T'9'0°0T) 9°0C abesony
(%) 34ad-1an

JUBWFAIRY (1D %S6) dn-mojjo4

10 sywi] 201 anfea-d abueyd o4 anfea-d ERIEVETINg] Moam-ZT auljaseqd

JusWwsalbe

JO SHWIj pue ‘(DD1) 1Ua101)J202 SSBJoRIIUI ‘BOUBIBYIP J18Y) SB [[3M Sk ‘dN-MO||0) Maam-ZT pue auljaseq 1e I\ pue sainseaw 44dd Jo (sbuel ‘as) ueay

Author Manuscript

‘¢ slqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Pedliatr Gastroenterol Nutr. Author manuscript; available in PMC 2021 April 18.



	Abstract
	INTRODUCTION
	METHODS
	Participants and Study Design
	Clinical Evaluation and Follow-up Evaluation
	MR Imaging
	MRI-PDFF
	MRE-stiffness
	Data Analysis

	RESULTS
	Study Population
	Demographics and Laboratory Values
	Change in MRI-PDFF
	Whole-liver change
	Per-segment changes

	Change in MRE-stiffness

	DISCUSSION
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.

