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Abstract

OBJECTIVES: Magnetic resonance elastography (MRE) is the most accurate method of
liver stiffness measurement (LSM) in nonalcoholic fatty liver disease (NAFLD). We aimed to
investigate the role of MRE in the prediction of hard outcomes in NAFLD.

METHODS AND RESULTS: Adults with NAFLD who underwent MRE between 2007 and
2019 at Mayo Clinic, Rochester were identified. Cox regression analyses were used to explore

the predictive role of baseline LSM for 1) development of cirrhosis in noncirrhotic NAFLD and
2) development of liver decompensation or death in those with compensated cirrhosis. A total

of 829 NAFLD subjects (54% women, median age 58 years) were identified. Of 639 subjects
without cirrhosis, 20 developed cirrhosis after a median follow-up of 4 years. Baseline LSM was
predictive of future cirrhosis development: age-adjusted HR = 2.93 (95% ClI, 1.86-4.62, p<.0001)
per 1 kPa increment (C-statistic = 0.86). Baseline LSM by MRE can be used to guide timing of
longitudinal noninvasive monitoring: 5, 3 and 1 years for LSM of 2, 3 and 4-5 kPa, respectively.
Of 194 subjects with compensated cirrhosis, 81 developed decompensation or death after a median
follow-up of 5 years. Baseline LSM was predictive of future decompensation or death: HR = 1.32
(95% ClI, 1.13-1.56, p=.0007) per 1 kPa increment after adjusting for age, sex and MELD-Na.
The 1-year probability of future decompensation or death in cirrhosis with baseline LSM of 5 kPa
vs 8 kPa is 9% vs 20%, respectively.

CONCLUSION: In NAFLD, LSM by MRE is a significant predictor of future development

of cirrhosis. These data expand the role of MRE in clinical practice beyond the estimation of
liver fibrosis and provide important evidence that improves individualized disease monitoring and
patient counseling.
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Nonalcoholic fatty liver disease (NAFLD) affects a quarter of the population!-2 but
progression to cirrhosis and liver-related complications occurs only in 15%-38% of those
with nonalcoholic steatohepatitis, causing significant morbidity and increased mortality.3
However, there are no effective, noninvasive methods to identify individuals at high risk of
progression. Such methods would have major implications in risk stratification and effective
monitoring of the millions of individuals with NAFLD.

Fibrosis stage on histology has been shown to be a strong predictor of liver-associated
outcomes.® However, the liver biopsy is invasive, time-consuming, expensive, and less likely
to be tolerated by patients, and has complication risks.® Multiple studies have explored the
prognostic utility of noninvasive serum and imaging (transient elastography) biomarkers

of fibrosis, showing that values above specific cutoffs are at higher risk of mortality.
Nevertheless, none of the studies demonstrated a direct reliable relationship between the
marker and the future cirrhosis development in patients with NAFLD.”8

Magnetic resonance elastography (MRE) emerged as the most accurate method to estimate
liver fibrosis, with an area under the receiver-operating characteristic curve of 0.90 for all
fibrosis stages,® a success rate of 94.4%,10 and excellent reliability and reproducibilityl!
even in high body mass index,2 and thus is a safer noninvasive alternative to liver biopsy
for fibrosis estimation.13 Nevertheless, it is not known whether baseline LSM by MRE is
predictive of future development of cirrhosis and liver-associated outcomes. In NAFLD,
the mortality risk due to cirrhosis and complication development has been estimated to

be approximately 1%-2%.4 The lack of clinically available modalities to predict the risk
and timing of future cirrhosis development represents a major gap in the individualized
management and patient counseling.

In this study, we aimed to assess the role of LSM by MRE in (1) prediction of future
cirrhosis development in noncirrhotic NAFLD and (2) prediction of development of liver-
related complications and death in NAFLD cirrhosis.
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Materials and Methods

Subjects and Definitions
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This is a retrospective cohort study of all adults with NAFLD who underwent MRE between
January 2007 and April 2019, as part of the routine clinical evaluation of NAFLD. At Mayo
Clinic Rochester, MRE is the preferred method for noninvasive estimation of fibrosis since
2007, especially in patients with NAFLD, given its optimal accuracy in this etiology. MRE
has been used for fibrosis estimation in NAFLD at initial assessment and in follow-up,
irrespective of other biomarkers (Supplementary Methods). The study was approved by

the Mayo Clinic Institutional Review Board. Among all individuals who underwent MRE,
those with NAFLD were identified using a 2-step code-based algorithm (Supplementary
Methods).

NAFLD etiology was validated by individual medical record review of a large sample of this
cohort (detailed subsequently), using the following criteria for NAFLD definition:

. Presence of steatosis on historical biopsy or imaging with coexistent metabolic
comorbidities (obesity or diabetes mellitus) in the absence of competing
etiologies (Supplementary Table 1) OR

. Cirrhosis with current or previous evidence of steatosis on biopsy or imaging,
with coexistent metabolic comorbidities (obesity or diabetes mellitus) in the
absence of competing etiologies (Supplementary Table 1).

The final cohort was further divided into 2 groups, based on their status at the time

of MRE: NAFLD without cirrhosis and NAFLD cirrhosis (Supplementary Figure 1).
NAFLD cirrhosis was defined in 2 steps. First, we identified individuals with possible
NAFLD cirrhosis if they met either 1 of the following criteria: International Classification
of Diseases—Ninth Revision or —Tenth Revision codes for cirrhosis or decompensation
(Supplementary Table 1) OR Fibrosis-4 (FIB-4) 22.67 OR LSM =3.6 kPa on MRE. Given
that a single noninvasive and highly accurate criterion for cirrhosis definition does not
exist, we used the previous set of complementary clinical criteria to capture cases that may
have been missed by a single one. We used a low LSM threshold to maximize the case
ascertainment despite the possibility of low specificity for cirrhosis. An LSM threshold of
3.6 kPa on MRE is the lowest threshold identified in previous studies for predicting fibrosis
stage 3 of higher,1* with a 92% sensitivity and 90% specificity.1> The second step included
individual chart review of all subjects with possible NAFLD cirrhosis identified per the
criteria described previously. Confirmed NAFLD cirrhosis was defined by presence of at
least 1 of the following criteria:

. Histologic evidence of stage 4 fibrosis on biopsy (present in 62% of cases) OR

. Imaging signs of portal hypertension (splenomegaly or portosystemic shunting)
with or without cirrhotic morphology of the liver (surface nodularity,
hypertrophy of the caudate lobe hypertrophy, right lobe atrophy) OR

. Endoscopic evidence of portal hypertension (esophageal varices, portal
hypertensive gastropathy)

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2022 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Gidener et al.

Page 4

. All in the presence of the criteria used for the definition of NAFLD etiology
described previously.

Decompensated cirrhosis was defined by evidence of at least 1 decompensation event

of: esophageal variceal bleeding, ascites, hepatic encephalopathy or jaundice. Esophageal
variceal bleeding was confirmed by upper endoscopy. and ascites was confirmed by
imaging. Patients with cirrhosis and no evidence of decompensation per chart review

were recorded as compensated cirrhosis. Patients without NAFLD confirmation, prior liver
transplantation, or decompensation before MRE were excluded.

Participants who did not meet the previous criteria for cirrhosis or decompensation at the
time of baseline MRE were classified as NAFLD without cirrhosis. The absence of cirrhosis
was confirmed by individual chart review of a random sample of 30 subjects from cohort.
The manual chart review confirmed noncirrhotic NAFLD in all 30 (100%) subjects. In this
noncirrhotic sample, NAFLD was diagnosed based on evidence of hepatic steatosis, either
by imaging (76%) or by histology (24%), in the setting of risk factors such as diabetes
mellitus or high body mass index? and in the absence of competing etiologies, including
heavy alcohol use according to Centers for Disease Control and Prevention and National
Institute on Alcohol Abuse and Alcoholism definition.

To assess the correlation between the LSM by MRE and histologic fibrosis stage, we
identified all patients with liver biopsies obtained within 6 months of MRE. Cases with
extremely discordant values such as high LSM and low fibrosis stage were re-reviewed by
an experienced transplant hepatologist (A.M.A.), and other clinical surrogates of cirrhosis
present within 6 months of MRE date were explored (imaging, endoscopic reports, platelet
count).

Laboratory results within 30 days of MRE were extracted. Participant demographics and
comorbidities at the time of MRE were recorded. NAFLD Fibrosis Score (NFS) and FIB-4
were calculated using the conventional formulas.16

Follow-up and Outcomes

Participants were followed from the date of first MRE until death, last clinical encounter,

or study end (May 2019). The primary outcomes were (1) development of cirrhosis in those
with noncirrhotic NAFLD at baseline MRE and (2) development of decompensation, liver
transplantation or death in those with NAFLD cirrhosis at baseline MRE. All outcomes
were assessed by individual chart review, using the same definitions and criteria for cirrhosis
and decompensation. To avoid misclassification bias, we ascertained only outcomes that
occurred at least 1 month after the baseline MRE and excluded patients with <30 days of
follow-up.

Statistical Analysis

The cumulative incidence of cirrhosis and decompensation/transplantation or death

was explored using Kaplan-Meier curves. Time 0 was chosen as the time of MRE.
Decompensation, transplant, and death were grouped together due to their competing nature.
Cox regression analysis was used to assess the predictive performance of LSM on outcomes.
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Penalized smoothing splines were used to explore the functional form of LSM on outcomes
(Supplementary Figure 2). The hazard ratio (HR) for a 1-kPa increment for each group was
calculated after adjustment for age at initial MRE for NAFLD individuals without cirrhosis;
and multivariate adjustment for sex, age and Model for End-Stage Liver Disease Sodium
(MELD-Na) for individuals with cirrhosis (details in Supplementary Methods).

All authors had access to the study data and reviewed and approved the final manuscript.

Results

Study Participants

Among 7672 adults who underwent MRE for evaluation of liver disease between 2007 and
2019, 6421 did not meet study inclusion criteria (Figure 1). From the remaining 1251
individuals with NAFLD, 704 had at least 1 criterion for possible cirrhosis and were
individually reviewed. Subsequently, 149 were reclassified as noncirrhotic NAFLD and
361 were excluded for other reasons (prior liver transplant, decompensation at time of
MRE, other etiology, or <30 days’ follow-up) (Figure 1). The final groups consisted of

639 adults with noncirrhotic NAFLD at baseline MRE (group A) analyzed for prediction of
cirrhosis and 194 adults with confirmed compensated NAFLD cirrhosis (group B) analyzed
for prediction of decompensation or death. Four subjects had 2 separate MRESs, one in
noncirrhotic stage and a second one after they developed cirrhosis, and were analyzed
independently within each group, with time O starting at each MRE (n = 829).

Baseline LSM Is Predictive of Future Cirrhosis Development in NAFLD

Group A (n = 639) had a median age of 56 (interquartile range, 46.1-63.7) years and 325
(51%) were female. The median LSM value was 2.8 (interquartile range, 2.3-3.4) kPa.
Baseline characteristics are outlined in Table 1. During a median follow-up of 4 (range,
0.1-11.9) years, 20 subjects developed cirrhosis, with an overall incidence of approximately
1% per year (Figure 2A). The number of individuals within each LSM strata at baseline
MRE and the corresponding number of those who developed cirrhosis subsequently are as
follows: LSM <2.5 kPa (n = 220; 1 developed cirrhosis), 2.5-3.5 kPa (n = 275; 6 developed
cirrhosis), 3.5-4.5 kPa (n = 113; 10 developed cirrhosis), 4.5-5.0 kPa (n = 31, 3 developed
cirrhosis). It is important to note that the medical records of all patients with baseline LSM
>3.5 kPa were reviewed in detail to determine appropriate classification at the time of MRE
(absence of cirrhosis: group A; evidence of cirrhosis: group B); therefore, these data capture
the true incidence of cirrhosis.

Baseline LSM by MRE was predictive of future cirrhosis, with an HR of 2.87 (95% ClI,
1.87-4.41; P<.0001) per 1 incremental kPa (Table 2), with a C-statistic of 0.83. Adjustment
by age at baseline MRE did not modify the independent effect of LSM on future cirrhosis
development: the adjusted HR was 2.93 (95% Cl, 1.86-4.62; £ < .0001) per 1-kPa difference
in baseline LSM. Nevertheless, the discriminative performance of the model improved to
0.86. The predicted probabilities of future cirrhosis development by baseline LSM strata (eg,
1.51-2.5 kPa for line “kPa = 2”) adjusted for age are illustrated in Figure 3A.
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Baseline LSM by MRE Can Be Used to Guide Timing of Future Monitoring in NAFLD

Based on the previous predictive model, the probability of cirrhosis development in the
subsequent years can be derived based on current LSM (Table 3). The >1% probability
threshold of cirrhosis development is reached in 5 years by patients with LSM of 2 kPa, 3
years by patients with LSM of 3 kPa, and 1 year in those with 4 kPa and 5 kPa. These time
frames inform about estimated time to progression to hard outcomes and provide guidance
for subsequent noninvasive monitoring for disease progression. In the subset of patients with
paired MRE and liver biopsy, LSM increased by 0.55 (95% CI, 0.27-0.84; P< .001) with
each stage of fibrosis (Supplementary Material and Supplementary Table 2).

The Role of LSM in the Prediction of Future Decompensation and Death in NAFLD

Cirrhosis

Group B (n = 194) had median age of 64 (interquartile range, 55.7-69.3) years and 123
(63%) were female. The median LSM value at diagnosis was 6.0 (interquartile range, 4.9—
7.4) kPa (Table 1). During a median follow-up of 4.4 (interquartile range, 0.1-11.9) years,
68 (35%) subjects had decompensation, 20 (10.3%) died after decompensation, and 13
(6.7%) subjects died without any decompensation event. Ascites (n = 30, 43%), variceal
bleed (n = 2, 3%), hepatic encephalopathy (n = 20, 27%), and jaundice (n = 18, 26%) were
the initial decompensation events. Two subjects had 2 and 1 subject had 3 different events at
the time of decompensation.

The overall transition from compensated to decompensated cirrhosis or death was 7.1%

per year and was highest in the first 4 years (10% per year) (Figure 2B). The number of
participants and outcomes per LSM strata of 2.5-3.5 kPa, 3.5-4.5 kPa, 4.5-5.5 kPa, 5.5-6.5
kPa, 6.5-7.5 kPa, and >7.5 kPa are n = 5 (1 outcome), n = 29 (7 outcomes), n = 39

(12 outcomes), n = 42 (13 outcomes), n = 35 (20 outcomes, and n = 44 (28 outcomes),
respectively.

Baseline MRE was predictive of future hepatic decompensation and death with an HR of
1.35 (95% Cl, 1.15-1.59; P=.0002) per 1-kPa increment in LSM. After adjustment for
age, sex, and MELD-Na at the time of MRE, LSM remained an independent predictor of
decompensation and death (HR, 1.32; 95% Cl, 1.13-1.56; £=.0007) (Table 2), with a
C-statistic of 0.70. Among covariates, only age increased the risk of decompensation or
death by 53% per each decade. The performance of other serum biomarkers such as NFS
and FIB-4 in the prediction of decompensation or death was 0.70 and 0.74, respectively,
when adjusted for other plausible risk factors. After adding LSM to the FIB-4 model, the
predictive performance increased marginally to 0.75 (P=.03).

The predicted probabilities of decompensation or death by baseline LSM strata adjusted

for age, sex, and MELD-Na are illustrated in Figure 3B. For example, the probability of
decompensation or death in a patient with LSM of 5 kPa vs 8 kPa is 13% vs 28% at 2 years
and 34% vs 59% at 5 years, respectively (Table 3). These data illustrate additional means of
LSM use in the management of NAFLD cirrhosis, beyond the current indication of fibrosis
estimation. In patients who meet the LSM threshold for noninvasive diagnosis of cirrhosis,
the incremental value of LSM beyond this threshold has additional use in individualized

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2022 September 01.
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prediction of complications and patient counseling. The concordance between LSM and
histologic fibrosis stage in cirrhosis in a subset of 32 subjects with liver biopsies obtained
within 6 months of MREs is shown in the Supplementary Material and Supplementary Table
3.

Discussion

This longitudinal study of a large NAFLD cohort demonstrates that the role of MRE

in clinical practice can be expanded beyond accurate noninvasive estimation of liver
fibrosis. In patients without cirrhosis, the liver stiffness value is an independent predictor
of future cirrhosis development (C-statistic = 0.83), with an age-adjusted HR of 2.93 per
each incremental kPa. In patients with compensated cirrhosis, the liver stiffness value

is an independent predictor of decompensation, or death, with an HR of 1.35 for each
incremental kPa. The liver stiffness measurement by MRE can be used to estimate disease
severity, stratify the risk of cirrhosis development or decompensation events, and guide
the management of patients who will need high vigilance to capture these outcomes and
potentially prevent complications.

A few studies have examined the association between LSM and future events in patients
with chronic liver disease, reporting HRs between 1.07 and 1.6517-21 and an LSM cutoff
of 5.8 kPa associated with higher risk of decompensation. However, several limitations
impact applicability of the results in NAFLD management in the clinic: heterogeneity of
etiology with a small number of NAFLD patients, short follow-up time, limited number of
events, and exclusion of patients without cirrhosis. Moreover, using a single LSM cutoff
to risk stratify into “low” or “high” categories could represent a missed opportunity for
individualized risk prediction at each stratum of baseline liver stiffness.

In patients without cirrhosis, baseline LSM can be used to guide disease surveillance and
the timing of subsequent follow-up. In this cohort of 639 adults with NAFLD, patients with
a baseline LSM of 1 or 2 kPa had <1% risk to develop cirrhosis in the following 5 years,
and thus repeat elastography in a shorter time frame will not have a high yield. Those with
LSM of 3 kPa should be considered for repeat elastography in 3 years, when the risk to
develop cirrhosis was 1.71%. In contrast, patient with a baseline LSM of 4-5 kPa had a risk
of progression to cirrhosis between 1.78% and 5.26% in 1 year, suggesting that surveillance
elastography should be considered within this time frame in this stratum.

The subset of paired biopsies and MREs supported the effectiveness of MRE as a diagnostic
tool with good correlation. Although outside of the limits of a clinical trial, the number of
patients with liver biopsy obtained within 6 months of MRE was small (n = 64), and the
findings are similar to previous studies and provide a validation of its correlation in the real
world of clinical practice until large prospective studies with protocoled paired biopsies and
MREs offer sufficient longitudinal follow-up to detect hard outcomes in NAFLD. Notably,
among the 32 patients with cirrhosis defined by a combination of conventional methods
(histologic or imaging), the liver biopsy underestimated cirrhosis in 7 of them, despite clear
evidence of nodular liver and portal hypertension by cross-sectional imaging. In all these
patients, the LSM was above 5 kPa. This underscores that relying on histology as the only

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2022 September 01.
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objective criterion to establish disease severity with which other noninvasive methods of
fibrosis estimation should be compared is limited and has to be cautiously explored beyond
classic statistical parameters of concordance.

Liver stiffness corresponds to an intrinsic physical property of liver parenchyma, which
correlates with fibrosis, the major driver for long-term outcome and mortality,>22 but

can provide a more granular risk stratification on a scale that is not confined to 4
histological stages of fibrosis or the dichotomized stratification of high vs low risk based
on predetermined cutoffs of noninvasive serum biomarkers such as FIB-4 or NFS. Although
the overall discriminative performance of LSM to predict future decompensation in NAFLD
cirrhosis was not superior to the serum-based biomarkers in this dataset, MRE allows

the unique individualized prediction of hard outcomes for each patient with cirrhosis,
based on the current LSM. Expanding the use of LSM to a predictive parameter of

future decompensation and death adds value in patient education and counseling, disease
monitoring, and clinical trial design for upcoming therapies in nonalcoholic steatohepatitis
cirrhosis. Two patients of similar age and sex, one with LSM of 5 kPa in the other with
LSM of 8 kPa, should perhaps be managed differently. Although both have cirrhosis, their
risk of decompensation or death in the following years differs considerably (9% vs 20% at
1 year); therefore, counseling therapeutic and preventative interventions should be tailored
accordingly. Development of hepatocellular carcinoma is an important outcome in NAFLD
with advanced fibrosis. However, this cohort had a low number of incident hepatocellular
carcinoma cases after MRE: 1 subject in group A (4.1 kPa) and 10 subjects in group B
(mean 7.8 kPa). These numbers are insufficient for a regression model that would allow
adjustment for other key confounders (eg, age, sex) to confidently draw a conclusion on
the predictive performance of MRE as an independent factor of hepatocellular carcinoma
development.

This is the largest study to assess the predictive performance of MRE in NAFLD progression
with the longest possible follow-up of clinical outcomes thus far. The Mayo Clinic was

the first center to implement MRE as a clinical tool for noninvasive estimation of fibrosis

in 2007, and since then, MRE was used as the preferred noninvasive method to estimate
fibrosis in the routine clinical evaluation of patients with NAFLD. Additional strengths
include ascertainment of cirrhosis and clinical outcomes by detailed review of each medical
record of patients with high likelihood for cirrhosis, without reliance on a code based
algorithm only; we expanded the analysis beyond cirrhosis to those with early disease,

to assess the predictive performance of LSM for cirrhosis development, which was not
previously described and is important in guiding surveillance timelines. Limitations include
the retrospective design of the study, which may have led to missing outcomes in patients
who have not returned for follow-up at our institution. However, this selection bias is
unlikely to have a high impact on the main results because the progression rates from

early disease to cirrhosis, as well as the rates decompensation are similar to those known
from the literature. Although lack of paired liver biopsies can be considered a limitation in
NAFLD research, they would not be possible in large databases of NAFLD individuals with
long-term follow-up in a real-world scenario. Moreover, histologic interpretation is limited
by interrater variability and spectrum bias within clinical trials and registries. Another
limitation is the cost and the lack of availability of MRE, but we think that this will be

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2022 September 01.
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less of an issue in near future as due to cheaper cost of technology and increasing magnetic
resonance imaging capabilities. Standalone MRE exams are reimbursed under Medicare
Category | Current Procedural Terminology code 76391 since January 2019, with a global
cost of $240.02. Hence, the lower cost and shorter time (10 minutes) than a full abdominal
MRI (30-45 minutes) makes the standalone MRE an increasingly accessible option.

These data expand the role of MRE from an accurate diagnostic method to a prognostic
noninvasive imaging biomarker that can risk-stratify patients with NAFLD and guide the
timing of surveillance and further refine their clinical management.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What You Need to Know?
Background

Liver stiffness measurement (LSM) by magnetic resonance elastography (MRE) is a
noninvasive method with a very high accuracy in estimating liver fibrosis. It is not known
whether LSM by MRE is predictive of future liver outcomes.

Findings

In patients without cirrhosis, MRE-based LSM is an independent predictor of cirrhosis
development with high accuracy (C-statistic = 0.86). In patients with cirrhosis, LSM is
an independent predictor of decompensation and death (C-statistic = 0.70) with a 32%
higher risk of poor outcomes for each incremental unit of kPa.

Implications for patient care

These data expand the role of MRE beyond liver fibrosis estimation by adding a
predictive feature to improve individualized disease monitoring and patient counseling. In
patients without cirrhosis, LSM can guide disease surveillance and timing of longitudinal
noninvasive monitoring in NAFLD.
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All liver MREs performed (n=7672)
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Excluded patients:

-No research authorization (n=336)
-only one NAFLD code(n=1500)
-codes for other liver diseases (n=4585)

MRE + 2 NAFLD codes 30 days apart

Cirrhosis/Decompensation Codes or Fib-4>=2.67 or MRE 23.6 kPa

o/

NAFLD without baseline cirrhosis
(n=547)

NAFLD without cirrhosis at baseline
(n=149)

\ Yes

NAFLD with baseline cirrhosis
(n=704)

Confirmed NAFLD without
cirrhosis (n=696)

Less than 30 days to
follow-up (n=57)

Group A
Baseline non-cirrhotic cohort

eligible for cirrhosis development prediction

(n=639)

Had another MRE at the
time of cirrhosis (n=4)

Cirrhosis development (n=20)

(n=95)

-Not NAFLD (n=171)
-Prior liver transplantation (n=88)
-Decompensation before MRE

Confirmed NAFLD cirrhosis without
decompensation (n=201)

Less than 30 days
— of follow-up
(n=11)

Figure 1.
Flowchart of the cohort.

Group B
Baseline cirrhotic cohort
eligible for decompensation prediction
(n=194)

Development of decompensation or death
(n=81)
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Percentage with cirrhosis diagnosis

# at risk
# of events

100

80

60

20

Percentage with decompensation or death

0 1 2 3 4 5 6
Years since first MRE
639 570 471 364 300 233 189
0 5 8 12 15 17 20

# at risk
# of events

Figure 2.

Years since first MRE after cirrhosis diagnosis

194 151 121 91 65 48 34 26 21 14 1 6 0

0 24 33 47 57 63 68 7 75 79 79 80 81

Cumulative incidence of (A) cirrhosis and (B) decompensation or death.
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Years since first MRE

Figure 3.

Years since first MRE after cirrhosis diagnosis

Page 14

Predicted probability of (4) cirrhosis development and (B) decompensation or death by

baseline LSM strata. Each integer represents the range, £0.5 kPa (eg, 1.51-2.5 kPa for

stratum “LSM = 2 kPa”) except >8 kPa in panel B.
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Table 1.
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Baseline Characteristics of the NAFLD Cohorts at the Time of MRE

NAFLD without cirrhosis: group A (n = 639)

NAFLD cirrhosis: group B (n = 194)

Age,y
Sex
Female
Male
Race
White
All other races
BMI, kg/m?
LSM, kPa
Total bilirubin, pmol/L
Albumin, g/L
AST, IU/L
ALT, IU/L
Platelets 10%/L
Serum sodium, mEg/L

INR

Serum creatinine, mg/dL

FIB-4 score
NFS score
MELD-Na

56.0 (46.1 to 63.7)

325 (50.9)
314 (49.1)

600 (93.9)
39 (6.1)
32.8 (28.90 38.3)
2.8(2.3103.4)

0.5 (0.4 10 0.8)

43 (4.010 4.6)
39.0 (27.0t0 61.0)
57.0 (35.0 t0 92.0)

218.0 (174.0 to 267.0)
141.0 (139.0 to 142.0)

1.0 (L0 to 1.1)

0.9 (0.7 to 1.0)

1.4 (0.9 to 2.0)
-1.1 (2.2 t0 -0.0)

63.8 (55.7 t0 69.3)

123 (63.4)
71 (36.6)

186 (95.9)
8 (4.1)
35.0 (31.0 t0 39.6)
6.0 (4.9 t0 7.4)

0.7 (0.4t01.1)
40(35104.3)
51.0 (36.0 to 76.0)
45.0 (29.0 to 76.0)
144.0 (101.0 to 198.0)
140.0 (138.0 to 142.0)
1.1(10t01.2)
0.8 (0.7 to 1.0)
3.4(2.01t05.1)
1.4 (0.3 to 2.5)
8.0 (7.0t0 12.0)

NOTE. Values are median (interquartile range) or n (%).

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; FIB-4, Fibrosis-4; INR, international normalized ratio;
LSM, liver stiffness measurement; MELD-Na, Model for End-Stage Liver Disease Sodium; MRE, magnetic resonance elastography; NAFLD,
nonalcoholic fatty liver disease; NFS, NAFLD Fibrosis Score.
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Age-Adjusted Probability of Future Events Based on LSM by MRE

LSM in cirrhosis development

Years after MRE 1kPa 2kPa 3kPa 4kPa 5kPa
1 0.08 0.21 0.60 1.78 5.26

2 013 035 1.00 292 839

3 0.22 0.61 171 4.89 13.45
4 0.32 0.85 2.38 6.72 17.81
5 0.39 1.05 2.93 8.16  21.07
6 0.53 1.42 3.93 10.73  26.46

Table 3.

LSM in decompensation or death development

Years after MRE 3kPa 4kPa 5kPa 6kPa 7kPa =28kPa
1 5 7 9 12 16 20
2 8 10 13 17 22 28
3 14 17 22 28 35 43
4 18 23 29 36 44 53
5 21 27 34 41 50 59
6 25 31 39 47 56 65

NOTE. Values are %.

LSM, liver stiffness measurement; MRE, magnetic resonance elastography.
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