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MRI-based (MAST) score accurately identifies patients
with NASH and significant fibrosis
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The MAST score is an accurate, MRI-serum-based score that outperforms the
NAFLD fibrosis (NFS), Fib-4, and FAST scores in non-invasively
identifying patients at higher risk of Fibro-NASH.
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Patients with NASH, NAS >4, and F>2 (Fibro-NASH) are at the highest
risk of disease progression.

Patients with Fibro-NASH are targeted for proof-of-concept
NASH trials.

MRI-PDFF and MR elastography are the most common primary and
secondary endpoints in NASH trials, respectively.

To identify Fibro-NASH, the MRI-AST (MAST) score was created
based on these MRI techniques.

The MAST score was proven to outperform the FIB-4, NAFLD fibrosis,
and FAST scores.
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Background & Aims: Among the large population of patients
with non-alcoholic fatty liver disease (NAFLD), identifying those
with fibrotic non-alcoholic steatohepatitis (Fibro-NASH) is a
clinical priority, as these patients are at the highest risk of dis-
ease progression and will benefit most from pharmacologic
treatment. MRI-based proton density fat fraction (MRI-PDFF) and
MR elastography (MRE) can risk-stratify patients with NAFLD by
assessing steatosis and fibrosis, respectively. We developed a
highly specific MRI-based score to identify patients with
Fibro-NASH.

Methods: This analysis included derivation (n = 103) and vali-
dation (n = 244) cohorts of patients who underwent MRI, liver
biopsy, transient elastography, and laboratory testing for NAFLD
from 2016-2020 in 2 tertiary care centers. To identify Fibro-
NASH, a formula was developed based on MRI-PDFF, MRE, and
a third variable with highest balanced accuracy per logistic
regression. The MRI-aspartate aminotransferase (MAST) score
was created and compared to NAFLD fibrosis (NES), Fibrosis-4
(FIB-4), and FibroScan-aspartate aminotransferase (FAST) scores.
Results: The MAST score demonstrated high performance and
discrimination in the validation cohort (AUC 0.93; 95% CI 0.88-
0.97). In the validation cohorts, the 90% specificity cut-off of
0.242 corresponded to a sensitivity of 75.0%, positive predictive
value (PPV) of 50.0% and negative predictive value (NPV) of
96.5%, whereas the 90% sensitivity cut-off of 0.165 corresponded
to a specificity of 72.2%, PPV of 29.4% and NPV of 98.1%.
Compared to NFS and FIB-4, MAST resulted in fewer patients
having indeterminate scores and an overall higher AUC.
Compared to FAST, MAST exhibited a higher AUC and overall
better discrimination.

Conclusion: The MAST score is an accurate, MRI-serum-based
score that outperforms previous scores in non-invasively iden-
tifying patients at higher risk of Fibro-NASH.
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Lay summary: Identifying patients with non-alcoholic steato-
hepatitis and significant fibrosis - who need treatment and are at
risk of clinical liver-related outcomes - is a clinical priority. We
developed a more accurate score using MRI-based technologies
and a laboratory blood test (aspartate aminotransferase) that
outperforms previous non-invasive scores for the identification
of patients at higher risk of liver disease progression.

© 2021 Published by Elsevier B.V. on behalf of European Association
for the Study of the Liver.

Introduction

Non-alcoholic fatty liver disease (NAFLD) is the leading cause of
chronic liver disease worldwide, involving 25% of the general
population and rising in prevalence to 70% of patients with co-
morbid obesity and type 2 diabetes.! NAFLD can not only prog-
ress to non-alcoholic steatohepatitis (NASH) and even cirrhosis,
but is also one of the leading indications for liver transplantation
in the US and Europe.”~> NAFLD’s clinical silence and lack of
symptomatology often prevents clinicians from appropriately
diagnosing and intervening in a timely manner.° A challenge is
identifying patients at higher risk of disease progression to
fibrosis and cirrhosis, who may benefit from targeted
novel pharmacotherapies.

To date, methods to determine risk for liver-related outcomes
include non-invasive risk stratification of liver fibrosis or
percutaneous liver biopsy. Non-invasive risk stratification stra-
tegies encompass serum biomarkers, imaging, and diagnostic
algorithms.”~® NASH activity is a histological assessment of the
disease activity in clinical trials and summarized by the NAFLD
activity score (NAS), which is a composite sum of the histological
scores for steatosis, hepatocellular injury as evidenced by
ballooning, and lobular inflammation.'® NAS is usually used in
combination with fibrosis stage to determine who may benefit
from therapies, as patients with NASH and fibrosis stage >2 are at
increased risk of liver-related outcomes and disease progression
towards cirrhosis."' "> Because the combination of NASH activity
and fibrosis stage accurately characterizes disease state, patients
with fibrotic NASH (Fibro-NASH) defined as elevated NASH ac-
tivity (NAS >4) and significant fibrosis (F >2) are targeted for
inclusion in clinical trials.'*"
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Recent efforts to non-invasively identify this subgroup of
patients include the NIS4 and FibroScan-aspartate aminotrans-
ferase (FAST) scores.'®!” The NIS4 score is a blood-based multi-
variate index designed to rule-in and rule-out at-risk NASH with
(NAS >4), and significant fibrosis (F>2) (Fibro-NASH).'® Similarly,
the FAST score identifies patients with Fibro-NASH through the
combination of liver stiffness measurement (LSM) by vibration-
controlled transient elastography (VCTE), controlled attenua-
tion parameter (CAP), and aspartate aminotransferase (AST)."”
However, studies considering magnetic resonance techniques
in identifying this subgroup of patients are scarce, especially
considering that MRI-based assessment is the primary inclusion
criteria and its results are the primary end points of phase IIA
studies. Though one study has investigated a non-invasive MRI
biomarker, iron-corrected T1 mapping, as a diagnostic biomarker
for NASH, it is MRI-based proton density fat fraction (MRI-PDFF)
analysis that has shown more accuracy than VCTE-based CAP in
identifying all grades of steatosis in patients with NAFLD.!8!°
Compared to liver biopsy as the standard, MR elastography
(MRE) is more accurate than VCTE in detecting liver fibrosis
(stage 1 or more)."

We hypothesized that an MRI-driven score would outperform
a VCTE-driven score in identifying patients with Fibro-NASH. We
aimed to develop and validate a highly specific score using MRI-
PDFF and MRE that identifies patients with Fibro-NASH for
therapeutic pharmacotherapies and for clinical trial eligibility.

Patients and methods

Cohorts

This is a retrospective analysis from ongoing prospective real-
world studies that included a derivation (n = 103) and valida-
tion (n = 244) cohort. These data were collected between 2016
and 2020 from 2 tertiary care centers in California and Texas in
patients with suspected NAFLD who had liver biopsy, MRE/
MRI-PDFF, transient elastography, and laboratory tests within
a 6-month period. The cohort from California had the following
exclusion criteria: i) excessive alcohol intake (defined as >21
standard drinks of alcohol/week for men and >14 standard
drinks of alcohol/week for women over a 2-year time frame);
ii) history of liver disease including chronic hepatitis B or C,
hemochromatosis, Wilson’s disease, autoimmune hepatitis,
primary sclerosing cholangitis, primary biliary cholangitis, a1-
antitrypsin deficiency, or other causes of chronic liver disease
including medications that can cause fatty liver; iii) contrain-
dications to MRI; and iv) history of human immunodeficiency
virus. Patients underwent detailed medical history, physical
examination, and laboratory assessment prior to undergoing
transient elastography (FibroScan®) for measurement of CAP
and LSM to assess steatosis and fibrosis, respectively, and MRI-
PDFF and MRE to assess hepatic steatosis and fibrosis, respec-
tively. Patients were further selected for liver biopsy based on
abnormalities on imaging including: MRI-PDFF >5% steatosis,
LSM >7 kPa on Fibroscan®, or MRE >2.5 kPa. The cohort from
Texas (validation) underwent a similar selection process,
except that the cohort also underwent a cT1 multiparametric
scan. Detailed characteristics of this cohort were pub-
lished recently.?°

MRIs and VCTE

MRI-PDFF and MRE were performed using Siemens 1.5 or 3 T
scanner in the derivative cohort and Siemens 1.5 T scanner in
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the validation cohort. Patients fasted for at least 4 hours prior
to the exam. An acoustic passive driver was positioned on the
patient’s body in accordance with the location of the liver. For
MRE shear waves from active to passive driver of 60 Hz, liver
vibrations were measured. Special software were used to pro-
cess images from the entire liver, assess fat fraction (via
measuring 3 regions of interest), and calculate an elastogram.
Radiologists from the sites were blinded to clinical and histo-
logical data.

VCTE was used to detect the speed of a mechanically gener-
ated shear wave across the liver in order to derive an LSM that
correlates with hepatic fibrosis burden. The measured attenua-
tion of ultrasound through the liver was used to derive CAP.
Technicians, nurses, or physicians who were trained and certified
by the manufacturer performed these tests and were blinded to
the laboratory and histological data. Exams were performed after
at least 3 hours of fasting prior to the exam. Probe selection was
made using the automatic probe selection tool (L or XL) provided
by the device software. Patients were placed in the supine po-
sition with their right arm fully abducted, and measurements
were done by scanning the right liver lobe through an intercostal
space. At least 10 reliable measurements with at least a 60%
success rate and an interquartile range of <30% of the median
value were obtained to deem the exam valid as indicated by the
manufacturer. The CAP is an average estimate of ultrasound
attenuation at 3.5 MHz and is expressed in dB/m, while LSM is an
average estimate of stiffness at a shear wave frequency of 50 Hz
and is expressed as kPa. The FAST score was calculated per the
previously published formula.?!

This study’s primary objective was to develop a score
combining MRE, MRI-PDFF, and serum biomarkers to identify
Fibro-NASH.

Liver histology

Patients with the aforementioned clinical indications for liver
biopsy underwent a liver biopsy. Histological assessments for the
derivation cohort were made by an expert liver pathologist who
was blinded to both imaging and clinical data. The same pro-
cedure was followed in the validation cohort. Patients were given
the diagnosis of NASH per Brunt criteria and were systemically
assessed using the NAS score per Kleiner criteria.'”?? Steatosis
was scored from O to 3, lobular inflammation was scored from
0 to 3, and hepatocellular ballooning was scored from 0 to 2.
Steatosis, lobular inflammation, and ballooning scores were
pooled to acquire the total NAS ranging from 0 to 8. Fibrosis was
staged from O to 4 (FO-F4), defined as FO: no fibrosis, F1: either
mild-moderate perisinusoidal or periportal fibrosis, F2: both
peri-sinusoidal and portal/periportal fibrosis, F3: bridging
fibrosis, and F4: cirrhosis.

Outcomes

The main outcome was the diagnosis of NASH with NAS >4 (with
at least one point each for steatosis, lobular inflammation, and
ballooning), and fibrosis stage >2 (altogether referred to as
NASH+NAS >4+F>2 or Fibro-NASH). Up to 11 predictive variables,
including MRE, MRI-PDFF, alanine aminotransferase (ALT), AST,
AST/ALT ratio, albumin, platelets, diabetes status, sex, age and
BMI were considered. A score formula (MRI-AST [MAST] score)
was developed based on MRE, MRI-PDFF and a third variable
(AST) selected for highest balanced accuracy out of the other 9
variables using logistic regression.
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Statistical analysis

Bivariate — The p values for comparing continuous variables in
positive vs. negative that follow the normal distribution were
computed using t tests. The p values for comparing continuous
variables that did not follow the normal distribution were
computed using the Wilcoxon rank sum test. R 3.5.2 software
was used for all analysis and p <0.05 was considered statisti-
cally significant.

Receiver-operating characteristic (ROC) - The non-parametric
ROC method was used to determine the best cut-off (one value
cut-off) of a continuous variable, including logit scores, that
maximized balanced accuracy. One measure of balanced accu-
racy is defined as the average of sensitivity (proportion of true
positives correctly classified) and specificity (proportion of true
negatives correctly classified). In addition, the area under the
ROC curve (AUC), another measure of accuracy, is reported. The
one value cut-off is the value where the balanced accuracy
(average of sensitivity and specificity) is maximized. Two value
cut-offs corresponding to 90% sensitivity (cut-off A) and 90%
specificity (cut-off B) are also reported. Values between these 2
cut-offs (A-B) are sometimes referred to as indeterminate or
“grey zone” values.

Multivariable - Scores (logit scores) for creating weighted
combinations of (log) liver stiffness, PDFF percent, and a third
variable (ALT, AST, AST/ALT ratio, albumin, platelets, diabetes

Table 1. Derivation and validation cohort patient characteristics.
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status, sex, age, or BMI) were computed using logistic regression.
A likelihood ratio (LR) test for interactions was carried out to
determine if the score should be an additive combination of the 3
variables (results not shown). A statistically significant LR sta-
tistic indicates a lack of additivity. The log scale was used for
some variables since a linear relationship with the log odds
(logit) was achieved only on this scale. The logistic model with
the highest AUC in the validation set and the lowest Akaike in-
formation criterion value was selected as the best model. One
and two value score values for the final multivariable models
are reported.

Results

Baseline characteristics

Based on data availability, after excluding patients with missing
data (Fig. S1), 103 of 119 originally eligible participants were
included in constructing the MRI-based score, which was then
validated in a validation cohort (n = 244 of 266). As Table 1
demonstrated, both the derivation and validation cohorts
shared similar demographic, metabolic, serologic, and histologic
features. In the derivation and validation cohorts respectively,
the mean age was 53.1 (£11.9)/55.7 (£6.3) years with 55.3%/40.2%
females and 61%/23% with type 2 diabetes. The derivation/vali-
dation cohorts respectively had median (IQR) AST of 38 (27-60)/
22 (18-27) IUJL, ALT of 52 (39-95)/25 (20-38) IU/L, liver stiffness

Derivation cohort Validation cohort

Demographics

n 103 244
Age- years - mean (SD) 53.1 (11.9) 55.7 (6.3)
Female - n (%) 57 (55.3%) 98 (40.2%)
Male - n (%) 46 (44.7%) 146 (59.8%)
BMI (kg/m?) - mean (SD) 33.8 (6.6) 331 (5.1)
Metabolic

Diabetes (type 2) - n (%) 63 (61%) 56 (23%)
Blood

AST (IU/L) - median (IQR) 38 (27-60) 22 (18-27)
ALT (IU/L) - median (IQR) 52 (39-95) 25 (20-38)
Albumin (g/dl) - median (IQR) 4.4 (4.2-4.6) 43 (4.1-4.5)
Platelets count (x10°/L) - median (IQR) 213 (170-282) 234 (201-285)

Triglyceride (mg/dl) - median (IQR)
Total cholesterol (mg/dl) - median (IQR)
HDL cholesterol (mg/dl) - median (IQR)

142 (112-207)
172 (153-202)
46 (38-54)

156 (106-222)
88 (72-101)
22 (18-27)

Fibrosis scores
FIB-4 - median (IQR)
NFS - median (IQR)

1.40 (0.80-2.20)
-0.69 (-2.26 - 0.37)

0.98 (0.81-1.31)
-1.50 (-2.13- -0.66)

MRI
Liver stiffness (kPA) - median (IQR)
MRI-PDFF (%) - median (IQR)

3.0 (2.3-4.3)
14.2 (9.3-20.2)

2.3 (2.0-2.6)
76 (4.6 - 13.5)

Histology
NAS score 24 - n (%)
NASH (%)
FO
F1
F2
F3
F4
NASH + NAS >4 + >F2

50 (48.5%) 80 (32.8%)

21 (20.4%) 131 (53.7%)
(35 9%) 76 (31.1%)

5 (4.9%) 27 (11.1%)

27 (26.2%) 10 (4.1%)
13 (12.6%) 0 (0%)
18 (17.5%) 28 (11.5%)

Unless otherwise specified, data are portrayed in n, n (%), mean (SD), or median (IQR). The NAS and Kleiner scoring systems are described in the appendix. Data on ballooning
grade and lobular inflammation grade are missing in the derivation cohort. FO=fibrosis stage 0. F1=fibrosis stage 1. F2=fibrosis stage 2. F3=fibrosis stage 3. F4=fibrosis stage 4.
ALT, alanine aminotransferase; AST, aspartate aminotransferase;. FIB-4, fibrosis-4; MRI-PDFF, magnetic resonance imaging-derived proton density fat fraction; NASH, non-

alcoholic steatohepatitis; NAS, NAFLD activity score. NFS, NAFLD fibrosis score.
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in kPA of 3.0 (2.3-4.3)/2.3 (2.0-2.6), and MRI-PDFF of 14.2 (9.3-
20.2)/7.6 (4.6-13.5).

In the derivation cohort, Fibro-NASH was reported in 18
(17.5%) of 103 patients. In the validation cohort, Fibro-NASH was
reported in 28 (11.5%) of 244 patients (Table 1).

The MAST formula

Models combining MRE, MRI-PDFF, and a third variable selected
from ALT, AST, albumin, platelets, diabetes status, age, sex, or BMI
were compared. AST (MRI-MRE, MRI-PDFF plus AST) was found
to be the best model with highest AUC in the derivation data for
predicting Fibro-NASH when combined with steatosis measured
with MRI-PDFF and stiffness measured with MRE, resulting in
the MAST score (data not shown for other models).

The MAST score is defined as: MAST = -12.17 + 7.07 log MRE +
0.037 PDFF + 3.55 log AST.

ROC plots of sensitivity vs. 1-specificity for all possible one
score cut-offs for the MAST, FAST, Fibrosis-4 (FIB-4), or NAFLD
fibrosis (NFS) scores in either the derivation or validation cohort
are shown in Fig. 1. Table S1 shows the sensitivity, specificity,
positive predictive value (PPV), and negative predictive value
(NPV) of the one score cut-off corresponding to the maximum
balanced accuracy in the derivation cohort and applied to both
the derivation and validation cohorts. Two score cut-offs that
corresponded to 90% specificity and 90% sensitivity in the vali-
dation cohorts were computed (Table 2).

MAST in comparison with NFS and FIB-4

MAST’s performance in identifying patients with Fibro-NASH
was compared to that of the NFS and FIB-4 score using a sub-
group of patients in the validation cohort with all the data
necessary to determine both the NFS and FIB-4 scores (Table S1
and Fig. 1). Overall, MAST exhibited a higher AUC (Fig. 1).

MAST demonstrated similar PPV and specificity and overall
higher sensitivity and NPV at the 90% sensitivity cut-off, except
for rare exceptions (Table 2). At the 90% specificity cut-off, MAST
exhibited similar specificity except for the NFS and FIB-4 vali-
dation cohorts, as well as higher sensitivity, PPV, and NPV in
nearly all cohorts (Table 2).
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MAST in comparison with FAST

MAST's AUC was higher in both the derivation and validation
cohorts compared to the AUC of the FAST score (Fig. 1). To meet a
90% rule-out sensitivity cut-off and 90% rule-in specificity cut-
off, respectively, the previously published cut-offs of 0.35 and
0.67 were applied for the FAST score in our cohort. Comparing
MAST’s validation cohort to FAST's, MAST exhibited higher
sensitivity and NPV at the 90% sensitivity cut-off (Table 2). At the
90% specificity cut-off, MAST’s validation cohort demonstrated
higher sensitivity and NPV (Table 2).

Discussion

This study describes the formulation and validation of a simple,
novel MAST score that non-invasively identifies high-risk pa-
tients with Fibro-NASH for whom therapeutic pharmacother-
apies are indicated. The MAST score included 2 score cut-offs
corresponding to 90% specificity and 90% sensitivity in the
derivation and validation cohorts that maintained high balanced
accuracy while performing better than other non-invasive as-
sessments, specifically the NFS, FIB-4, and FAST scores.

Though selection of patients with NAFLD who are the optimal
targets for monitoring and therapeutic interventions has been
widely debated, prior data have demonstrated that patients with
NASH+NAS>4+F>2 are at higher risk of severe liver disease pro-
gression and are thus the focus of this study.''~® In accordance
with current practice, the MAST score was developed with rule-
in and rule-out cut-offs that exhibited good performance with a
negative LR of 0.15 (rule-out cut-off) and a positive LR of 7.73
(rule-in cut-off) in the validation cohort. The MAST score can
thus significantly impact patient care through non-invasive se-
lection of patients for new clinical trials or pharmacotherapies,
thereby reducing the need for liver biopsies. This is particularly
important in selection of patients in phase II studies where MRI-
PDFF is the primary outcome. Using the MAST score in phase II
studies may further identify those patients that resemble pa-
tients who are eligible for phase III trials.

Although a MAST score of more than 0.242 or less than 0.165
classified more than 80% of patients in both derivation and
validation cohorts, clinicians will ultimately need to decide on

ROC - validation data

100+

—— MAST

—— FAST

Sensitivity (%)

— FIB4

NFS

30 40 50 60 70
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80

Fig. 1. Diagnostic performance of the MAST, FAST, FIB-4, and NFS scores for the diagnosis of Fibro-NASH. (A) All possible values of sensitivity vs. 1-specificity
for the MAST, FAST, FIB-4, and NFS scores in the derivation data. (B) All possible values of sensitivity vs. 1-specificity for the MAST, FAST, FIB-4, and NFS scores in
the validation data. FAST, FibroScan-aspartate aminotransferase; FIB-4, Fibrosis-4 index; Fibro-NASH, fibrotic non-alcoholic steatohepatitis; MAST, MRI-aspartate
aminotransferase; NFS, NAFLD fibrosis score; NASH, non-alcoholic steatohepatitis; ROC, receiver operating curve.
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validation cohort only as the derivation cohort had >50% missing CAP data since the probe was not available in the California center until later. For the 2 score cut-offs, the lower threshold comprises a rule-out cut-off cor-
activity score; NASH, non-alcoholic steatohepatitis; NPV, negative predictive value; PPV, positive predictive value.

Table 2. Diagnostic performance of different scores using 2 cut-offs for the diagnosis of Fibro-NASH.
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further steps for patients in the grey zone. Such steps may
include repeat testing after an appropriate time period or liver
biopsy for definitive diagnosis. Clinical decision making should
consider proximity to cut-offs, individual characteristics (e.g.,
demographics, serologic results, and comorbidities), and patient
choice. Importantly, the MAST score resulted in a narrower grey
zone compared to other scores.

The major strengths of this study were its score’s balanced
accuracy and utilization of accurate, non-invasive MRI.
Compared to the NFS and FIB-4, MAST had fewer patients in the
grey zone and higher AUC. MAST’s PPVs were not unexpected
given that PPV is dependent on prevalence, which is on the lower
end in our MAST’s real-world cohort compared to other studies
that focused on clinical trials, yet it likely represents the true
prevalence in the general population. Few cohorts yet exist with
paired MRI-PDFF, MRE and liver biopsy data, whereas the NIS4
and FAST scores consist of VCTE and histological samples that
may be obtained with greater ease.'®!” In contrast to NIS4 and
FAST, the MAST score remains necessary due to its clinical
applicability in the setting of clinical phase IIA trials, where MRI-
based assessment and its results respectively constitute the
primary inclusion criteria and primary endpoints.

Additionally, MRI has demonstrated a higher degree of
balanced accuracy than VCTE in identifying both steatosis and
fibrosis, yet this study is the first to our knowledge that utilizes
MRI-PDFF and MRE in a screening algorithm for patients with
Fibro-NASH.!®?*> Comparing MAST to FAST, MAST had similar or
higher AUC and overall higher discrimination. Additionally,
MAST demonstrated higher sensitivity, specificity, and PPV with
some exceptions at the 90% sensitivity cut-off and at the 90%
specificity cut-off. In addition to its accurate discrimination, the
MAST score proposes score cut-offs that may be applied to select
patients at risk of disease progression, thus demonstrating high
clinical utility.

This study has limitations. First, this study is retrospective in
nature. Nevertheless, both cohorts are part of natural history
studies in tertiary care centers with standardized criteria for
performing liver biopsy and non-invasive testing, as explained in
the Patients and methods section. Second, derivation and vali-
dation of the MAST score were implemented in cohorts with
large sample sizes but low disease (Fibro-NASH subpopulation)
prevalence. However, these cohorts are representative of the
large spectrum of patients with NAFLD, and remain similar to
reported patient registries in Europe and the US.'?* Indeed,
compared to those derived from clinical trial settings (which
skew disease prevalence), our cohorts represent the real-world
experience and thus increase MAST's generalizability and
applicability in the clinical setting. It was also encouraging that
MAST successfully identified most patients with Fibro-NASH,
demonstrating consistency and balanced accuracy with an AUC
of 92.9%. Despite low disease prevalence, MAST accurately
identified more patients with Fibro-NASH and demonstrated
better discrimination than FAST. Moreover, despite the diffi-
culties of accessing paired MRI-PDFF, MRE and AST data, MAST’s
derivation and validation cohorts are 2 of the largest datasets
that currently exist. Third, the cost of MRI can limit uptake in
clinical practice, necessitating investment in devices and trained
operating personnel, though similar models have been success-
fully introduced in other instances.?® Fourth, histological read-
ings were not done centrally, though performed by experienced
hepatopathologists at each center. Finally, we have not explored
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the differential costs of misclassification in this study due to lack
of data availability for statistical analysis. Our study has many
strengths as well. MAST has demonstrated high calibration in
low prevalence populations, which represent true clinical set-
tings. The introduction of the MAST score is of importance given
its superior performance with increased accuracy, precise cate-
gorization, and high applicability in clinical trials. Because MRI-
based assessment and its results respectively comprise the pri-
mary inclusion criteria and endpoints of phase IIA studies, the
MAST score will better identify patients at higher risk of disease
progression to fibrosis and cirrhosis and enrich the inclusion
criteria of clinical trials that may revolutionize therapeutic
pharmacotherapies for NAFLD."*

In summary, the MAST score non-invasively identifies pa-
tients at higher risk of disease progression for clinical trial
eligibility and pharmacotherapies.
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