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Abstract:

Background and aims: Non-alcoholic fatty liver disease (NAFLD) is increasing in prevalence worldwide.
NAFLD is associated with excess risk of all-cause mortality, and its progression to non-alcoholic
steatohepatitis (NASH) and fibrosis accounts for a growing proportion of cirrhosis and hepatocellular
cancer and thus is a leading cause of liver transplant worldwide. Non-invasive precise methods to identify
patients with NASH and NASH with significant disease activity and fibrosis when the disease is still
modifiable are crucial. The aim of this study was to examine the clinical utility of cT1 versus MR liver fat

for identification of NASH participants with NAS >4 and F >2 (“high-risk” NASH).



Methods: Data from five clinical studies (n=543) with participants suspected of NAFLD were pooled or
used for individual participant data meta-analysis. The diagnostic accuracy of the MRI biomarkers to
stratify NASH patients was determined using Area Under the Receiver Operating Characteristic curve

(AUROC).

Results: A stepwise increase in cT1 and MRI liver fat with increased NAFLD severity was demonstrated,
and cT1 was significantly higher in NASH participants with fibrosis grade =2 (high-risk NASH). The
diagnostic accuracy (AUROC [95% Cl]) of cT1 to identify those with NASH was 0.78 [Cl: 0.74-0.82], for liver
fat was 0.78 [Cl: 0.73-0.82], and when combined with MRI liver fat was 0.82 [Cl: 0.78-0.85]. The
diagnostic accuracy of cT1 to identify those with high-risk NASH was good (AUROC: 0.78 [Cl: 0.74-0.82]),
was superior to MRI liver fat (AUROC: 0.69 [Cl: 0.64-0.74]) and was not substantially improved by
combining it with MRI liver fat (AUC: 0.79, [Cl: 0.75-0.83]). The meta-analysis showed similar performance

to the pooled analysis for these biomarkers.

Conclusions: This study demonstrates that quantitative MRI derived biomarkers cT1 and liver fat are
suitable for identifying those with NASH, and cT1 is a better non-invasive technology than liver fat to
identify NASH patients at greatest risk of disease progression. MRI cT1 and liver fat therefore have
important clinical utility to help guide appropriate use of interventions in NAFLD and NASH clinical care

pathways.
Keywords:

LiverMultiScan; cT1; PDFF; NAFLD; non-invasive; quantitative MR

Introduction:

Non-alcoholic fatty liver disease (NAFLD) is increasing in prevalence worldwide and its progression to non-

alcoholic steatohepatitis (NASH) and fibrosis accounts for a growing proportion of cirrhosis and



hepatocellular cancer 1 NAFLD patients have a nearly 2 fold higher risk of overall mortality compared to
population comparators [2]’ with risk of extra hepatic cancer and cirrhosis increasing in a dose dependent
relationship with worsening histological severity 2l Those with a NASH Clinical Research Network (NASH
CRN) fibrosis stage of 2 or higher have a significantly increased risk of liver related and all-cause mortality
551 1t is a key goal in the field to identify patients with NASH and NASH with elevated NAFLD activity
score (NAS) and presence of significant fibrosis (referred to here as high-risk NASH), as they need to be
monitored in secondary clinical care and will most likely benefit from disease-specific drug therapies
currently under development "' or respond to lifestyle interventions. Despite this, there is still a lack of
consensus in guidelines about how to identify such patients and liver biopsy is currently the clinical
reference standard. Biopsy however is a suboptimal method as a public health approach because of the
sheer numbers of patients with NAFLD (20-30% of the adult population[g]) and is not a preference of
either patient or clinician due to the high incidence of pain ®"and due to the risk of complications,

[10,11

including rare cases of mortality I There is therefore a critical need to identify NASH patients,

particularly those at high risk of disease progression, with alternative non-invasive diagnostic methods.

Whilst there are many good non-invasive markers of fibrosis available, such as magnetic resonance
elastography (MRE), shear wave elastography (SWE) and vibration controlled transient elastography from

ultrasound (VCTE), these markers alone are not sensitive to NASH per se 12

, owing to the fact they are
not sensitive to earlier features of disease (e.g. steatosis, inflammation and ballooning). Similarly, blood
based biomarkers such as FIB-4 and ELF have good performance to rule-out advanced fibrosis but have
been reported to show limited performance in detecting NASH ™. Quantitative multiparametric MRI are
non-invasively derived metrics, which can be used to objectively evaluate and monitor liver tissue

characteristics. Proton density fat fraction (PDFF, also referred to here as MRI liver fat) has been

demonstrated as a reliable, accurate metric for quantifying liver fat and identifying patients with NAFLD



0417 MRI liver fat strongly correlates with histological steatosis, but because liver fat declines with

(18201 it cannot be used to stage disease severity or to identify patients with NASH who

advanced fibrosis
have significant fibrosis. Iron-corrected T1 mapping (cT1) has been shown to correlate with

fibroinflammatory activity on biopsy and to have high diagnostic accuracy to identify patients with NAFLD,

NASH and NASH with higher stages of fibrosis 2*72°.

Both MRI liver fat and cT1 are already used as endpoints in several clinical interventional NASH studies to

2% and both have been used as

assess severity of liver disease and to monitor response to treatment !
screening tools or as criteria for inclusion in NASH trials to identify the target population [NCT02548351,
NCT02443116, NCT03900429 among others]. The goal of this study was to comprehensively evaluate the
diagnostic accuracy of cT1 and MRI liver fat to identify those with NASH and high-risk NASH, who are at

higher risk of disease progression, in a population with suspected NAFLD.

Methods

Design and Study Participants

Data from N=543 participants from five observational studies were pooled and included in a retrospective

23,29-32] . . . .
(232932 iy either diagnostic accuracy or

analysis, from which N=517 have been previously reported on
prevalence of NAFL assessment. Participants were enrolled at routine patient visits in secondary or
tertiary care, at sites in the UK, US and Japan, and those with any other known chronic liver disease
except NAFLD were excluded from this analysis. All the clinical investigations were conducted in
accordance with the Declaration of Helsinki 2013, approved by local relevant institutional review boards

and written informed consent was obtained from all participants. All analyses in this study were done

from the individual data points and not extracted from published results of the primary studies. To allow



for comparison to those without liver disease, 100 participants with MRI liver fat below 5% and a BMI
below 25kg.m™ from the UK Biobank imaging sub-study, further described elsewhere®! were identified
and selected as healthy controls. These controls were only included in the boxplots in figure 1, to visualize
MRI biomarkers at different disease severities, but not included in the pooled dataset that was used for
all other analyses. All participants underwent abdominal multiparametric MRI examination with the

LiverMultiScan image acquisition protocol #2234

. Perspectum is the only vendor of LiverMultiScan® and
for this study all the relevant observational studies that were conducted using this technology were

included. Full details on methods are reported in the supplementary material.

Statistical Analyses

Analyses were performed using R software version 3.6.2 (R Foundation for Statistical Computing, Vienna,
Austria). Median with interquartile range (IQR) used to describe continuous variables, and frequency and
percentage for categorical variables. The correlation of cT1 and MRI liver fat with histological parameters
was explored using Spearman’s Rank correlation coefficient (r;) and a p-value < 0.05 was considered
statistically significant. The difference in cT1 or MRI liver fat between different histological stages and
grades of disease severity were compared using non-paired Mann-Whitney U test or Kolmogorov-
Smirnov (KS) test for two group comparisons and Kruskal-Wallis test for multi-group comparison.
Diagnostic accuracy for identifying patients with biopsy confirmed disease was explored using area under

[35

receiver operating characteristic curves (AUROC) *! A logistic regression model was used to combine cT1

and MRI liver fat in order to assess their combined ability to classify NASH and high-risk NASH
participants. Biomarker performance was assessed according to sensitivity and specificity for pre-selected
cut-offs as well as for the cut-off related to the optimal combination of sensitivity and specificity

[36

according to the Youden’s index ¢\ Delong test was used to determine the significance of differences



between ROC curves *”!, Modelled positive and negative predictive values were calculated as described

I. B8 Meta-analysis was performed on individual participant data and the cluster adjusted

by Altman et a
AUROC was computed with the random-effects (RE) model of the metafor package in R and represented

in a forest plot.

Results

In the pooled participant dataset used in this study, the median age was 56 [50-63] years, 42% were
female and 61% had a Body Mass Index (BMI) > 30kg.m”. The descriptive statistics in Table 1
demonstrate that the study population comprised a diverse spectrum of histological severity, although
relatively few individuals had fibrosis stage 4 or lobular inflammation grade 3. The statistics of each
individual study has been summarized in Supplementary Table 1. An overview of the cT1 (fibro-
inflammation) and MRI liver fat values in patients at different stages of NAFLD is shown in Figure 1. There
was a significant increase in both MRI metrics as the severity of disease increased from healthy controls
to NASH, via biopsy confirmed non-NAFLD and NAFL. In addition, cT1 was significantly higher in patients
classified by biopsy as high-risk NASH. In contrast, MRI liver fat values were comparable for identifying

high-risk NASH patients.

Table 1: Descriptive statistics on full pooled individual participant data, as well as divided by those with NAS>4&F>2 versus those

without. Significance difference represented a p<.05.

Figure 1: [A] Boxplot comparison of cT1 in controls, and patients suspected of NAFLD with confirmed non-NAFLD, NAFL and
NASH, [B] Boxplot comparing cT1 in high-risk (NAS>4 & F>2) and low-risk NASH. [C] Boxplot comparison of liver fat (PDFF) in
controls, and patients suspected of NAFLD with confirmed non-NAFLD, NAFL and NASH, [D] Boxplot comparing MRI liver fat

(PDFF) in high-risk (NAS24 & F>2) and low risk NASH. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001



Identifying patients with NASH using cT1 and MR liver fat

cT1 and MRI liver fat correlated with NASH CRN histological scoring of steatosis, lobular inflammation,
ballooning and the composite NAS, Supplementary Table 2. The diagnostic accuracy to discriminate
patients with biopsy confirmed NASH from those without as measured by AUROC was 0.78 [Cl: 0.74-0.82]
for ¢cT1 and 0.78 [Cl: 0.73-0.82] for MRI liver fat, with no significant difference between the two ROC
curves (Figure 2 [A]). Combining cT1 and MRI liver fat in a bivariate logistic regression model enhanced
the AUROC to 0.82 [0.78-0.85], which was significantly higher (P<.001) than either biomarker alone.
Biomarker performance for discriminating those with NASH from simple NAFLD was assessed using a cut-
off of cT1>800ms, MRI liver fat 5% or a combination of both. These cut-off values have been described

39401 " Using the cut-off of

previously as indicators for recommending further diagnostic evaluation
cT12800ms to discriminate those with NASH resulted in a sensitivity of 75%, specificity of 66% and PPV
and NPV both of 71%. Using the cut-off of MRI liver fat 5% to discriminate those with NASH resulted in a
sensitivity of 92%, specificity of 40%, PPV of 63% and NPV of 82%. We also explored the diagnostic
accuracy of each biomarker to discriminate between those with NAFL and the healthy controls, resulting
in an AUROC for cT1 of 0.89 [Cl: 0.88-0.91] and for MRI liver fat of 0.83 [Cl: 0.81-0.84]. For cT1, the
optimal cut-off (Youden’s index) was cT1>740 ms with a specificity and sensitivity of 82% and 84%
respectively. For MRI liver fat, the optimal cut-off was MRI liver fat >4% with a specificity and sensitivity
of 70% and 85% respectively. The healthy controls had median [IQR] cT1 and MRI liver fat values of

687ms [619-755ms] and 2% [0 - 3.2%], respectively. The patients suspected of NAFL had median cT1 and

MR liver fat values of 814ms [680 — 948ms] and 9% [0-18.5], respectively.

Table 2. Diagnostic accuracy of cT1 to identify patients with high-risk NASH at pre-specified thresholds.

Figure 2: ROC curves and AUROC in legend for [A] NASH (NAS>4) using MRI liver fat (PDFF), cT1 and the combination of cT1 and
MRI liver fat; [B] high-risk NASH (NAS>4 & F>2), using MRI liver fat, cT1 and the combination of cT1 and MRI liver fat. [C]

Correlation between cT1 and fibrosis score, [C] Correlation between MRI liver fat (PDFF) and fibrosis score



Stratifying high-risk NASH patients with cT1

There was a significant moderate correlation between cT1 and fibrosis (r,=0.50, p < 0.001) with significant
differences in cT1 between each of the fibrosis stages (Figure 2 [C]). MRI liver fat showed a weak
correlation with fibrosis (r;=0.15, p < 0.001), and exhibited a non-linear relationship with a trend to
decrease at higher fibrosis stages, demonstrated by the absence of a significant difference in MRI liver fat

(PDFF) between fibrosis stages FO and F4 or F1 and F3, (Figure 2[D]).

The diagnostic accuracy of cT1 to identify high-risk NASH demonstrated with AUROC (Figure 2[B]) was
0.78 [Cl: 0.74-0.82] with a sensitivity of 78%, specificity of 67% and negative predictive value (NPV) of
88% at the optimal rule-out cut-off of 825 ms; sensitivity of 59%, specificity of 81% and PPV of 55% for a
cut-off value of cT1>875ms; and sensitivity of 39%, specificity of 90% and PPV of 60% at the higher rule-in
cut-off value of 925 ms (Table 2). The AUROC for MRI liver fat was significantly (p<0.001) lower (0.69 [Cl:
0.64-0.74]) than for cT1 (Figure 2 [B]) with a sensitivity of 68% and a specificity of 62% at the cut-off value
of 10%. By combining cT1 and MRI liver fat in a bivariate logistic regression model, MRI liver fat showed

no significant additional value to the use of cT1 alone for identifying high-risk NASH patients.

Using the rule-out and rule-in cut-off values of 825 ms and 925 ms, the proportion of patients with a cT1
in between these thresholds was 27% and the PPVs and NPVs for various cT1 cut-off values were
modelled for test populations with different prevalence of high-risk NASH (Table 3). This demonstrated a
PPV of 80% for the rule-in cut-off value of 925 ms when the disease prevalence in the tested population

reached 50%, with a NPV of 75% for the rule out cut-off value of 825ms for the same prevalence.



Table 3: Modelled positive and negative predictive values (PPV and NPV) for cT1 at simulated prevalence of high-risk NASH,
based on performance in the pooled dataset (n=543).

Meta-analysis of individual clinical studies combined

A meta-analysis was performed using the individual participant data from the five clinical studies. The
performance data for identifying high-risk NASH from the individual studies is presented in a forest plot
(Figure 3) and the cluster adjusted AUROC for cT1, MRI liver fat (PDFF) and the combination to identify
high-risk NASH were 0.73 [Cl: 0.68-0.78], 0.69 [Cl: 0.63-0.75] and 0.75 [Cl: 0.70-0.80] respectively. The
combined datasets showed an acceptably low level of heterogeneity in cT1 and MR liver fat based on the
funnel plots in Supplementary Figure 1, while the combination had a slightly higher heterogeneity across

studies.

Figure 3: Forest Plots of the 5 individual studies and the resulting random effect model summary AUROC for cT1, liver fat (PDFF)

and the combination, to identify high-risk NASH.

Discussion:

This study analyzed pooled individual participant data from 5 studies to create the largest cohort of
suspected NAFLD patients to date that have undergone LiverMultiScan paired with biopsy, to validate the
utility of quantitative multiparametric MRl in the diagnosis of those with NASH, and those with NASH with
fibrosis (high-risk NASH). Our results revealed good diagnostic performance for both cT1 and MR liver fat
to identify patients with NASH and superior performance for cT1 to identify those with NASH at higher

risk of disease progression.

10



Both ¢T1 and MRI liver fat correlated with the inflammatory components of the NAS, lobular

inflammation and ballooning. In NASH patients however, the fibrosis stage has been shown to predict

[5 [4,41]

progression of disease ! and clinical outcome . Being able to identify those at risk of both
inflammatory and fibrotic NASH who have increased risk of overall mortality ! is important for developing
more effective strategies for prevention, surveillance and intervention “?. As previously demonstrated
(1820431 " \ve confirm that MRI liver fat decreases with higher grades of fibrosis, displaying a parabolic
relationship with the fibrosis score. Consequently, and as expected, MRI liver fat showed a substantially
lower AUROC of 0.69 [Cl: 0.64-0.74] than cT1 (0.78 [Cl: 0.74-0.82]) for the identification of patients with
high-risk NASH, which was not significantly changed when MRI liver fat and cT1 were combined. Changes
in the NAS have been shown to correlate with changes in fibrosis and high baseline NAS has been
associated with greater progression to advanced fibrosis™ thus being able to identify NASH patients with
severe disease activity, even with fibrosis <2 may be an untapped opportunity to avoid missing patients
who are at risk of progressing to higher stages of fibrosis and clinical outcomes. cT1 has previously been
shown to non-invasively predict who are likely to progress to severe disease, such as liver-related clinical

[34]

events and poor outcomes ~ " at a cT1 cut-off value of 825 ms. The threshold was previously determined

5] 1 this current analysis, with high-risk

to have 90% sensitivity to rule out those with high-risk NASH
NASH prevalence of 29%, a cT1 cut-off value of 825ms was again an optimal rule-out threshold, with an
NPV of 88%. This performance is superior to that shown for NIS-4 and FIB-4, and equivalent to VCTE or

(44-47

FAST, in other studies I Of note, the same cut-off value for ruling out high-risk NASH and for

prediction of clinical outcomes is a superior feature of cT1 compared to many blood biomarkers for which

higher thresholds are typically required for outcome prediction “®.

Focusing on identifying those with
high-risk NASH, cT1 >875ms was associated with disease activity and significant fibrosis, but cT1 2925 ms

was the optimal rule-in threshold with 90% specificity, minimal false positives and a relatively good PPV of

60%. It is important to highlight however that the PPV is highly dependent on the prevalence of disease in

11



the assessed population, and different clinical scenarios will have different disease prevalence’s. By
modeling the expected PPV in a variety of disease prevalence populations, given the sensitivities and
specificities from this study, the PPV of cT1 would be 80% for a disease prevalence of 50%. This is higher
than VCTE, NFS, FAST and equivalent to NIS-4 and FIB-4 for high-risk NASH and a similar disease

14447 The diagnostic performance of cT1 for separating NAFLD from NASH in this study

prevalence
showed good sensitivity and specificity at a cT1 cut-off value of 800ms. This result further justifies the use
of a previously defined cut-off value of cT1 > 800ms, below which no further diagnostic evaluation is

warranted B%*Y, The healthy participants from the UK biobank imaging study had a cT1 range of between

619-755ms suggesting that 800ms can be considered as the upper limit of normal for cT1.

The aim of using different cut-off values to identify high-risk NASH is to maximize effective clinical
decision making and confidence by reducing false negatives when ruling out disease, reducing false
positives when ruling in disease, and minimizing the number of patients that fall in between the cut-off
values. Many non-invasive tests face the issue of indeterminate results, due to technical failures or
separate rule-in and rule-out cut-off values, with indeterminate results of 30-45% and above reported for

H ¥7* This may be a consequence of tests being originally developed for fibrosis

classifying high-risk NAS
staging in general, rather than for NASH with presence of fibrosis. A high ratio of indeterminate results
could lead to increased referral for further confirmatory testing, leading to a higher burden on the
healthcare system and patient, including unnecessary biopsies. In this study, we demonstrate that cT1
has good diagnostic ability to identify high risk NASH but also a low indeterminate range with only 27%
falling between the rule-in and rule-out cut-off values, a feature complimented by the high technical

robustness of multiparametric liver MRl compared to other imaging technologies %,

12



It must be acknowledged that a perfect biomarker for NASH has not been developed yet, and currently
there is a wealth of research activity in the pursuit of such a test. Whilst cT1 showed good diagnostic
accuracy for identifying those with NASH and NASH with significant fibrosis, there was still overlap in the
range of cT1 values between the groups along the NAFL — NASH — High risk NASH continuum and thus
opportunity to improve performance further. Composite biomarkers such as the FAST test, which
combines liver stiffness from VCTE, controlled attenuation parameter (CAP) as a marker of fat and AST 441
or MRE shear stiffness combined with either the FIB-4 score *® or MRE damping ratio and PDFF ®*, have
been reported to give a better diagnostic accuracy than individual metrics alone. Similarly, blood based
tests such as the ADAPT score (Pro-C3, AST and diabetes status) are also being explored as composite
biomarkers P2, In fact, cT1 in combination with AST and fasting glucose (cTAG, [53]) has also been shown
to outperform cT1 on its own for detecting patients with high-risk NASH. Despite these advances
however, cT1 appears to be the best performing individual imaging biomarker for identifying those with

NASH with significant fibrosis.

The future of tests for NASH in the clinical pathway is currently a source of discussion amongst key
opinion leaders. Whilst generally the clinical pathways for those with NAFLD focus on staging fibrosis to
identify those who would benefit from surveillance for HCC and cirrhosis, more recently the importance
of also identifying those who have progressed from simple steatosis to NASH has been highlighted,
particularly as the risk of liver and non-liver related clinical events is increased with such progression
and because lifestyle interventions have been shown to be effective in improving liver health **. It has
also been acknowledged that disease burden and economic impact of NASH worldwide are huge ®>*® and
that earlier diagnosis and care of NASH patients could reduce future healthcare costs. However, the

absence of a suitable diagnostic for NASH means the majority of health economic analyses suffers from a

lack of NASH specific data ®”. Currently, however, there are no suitable blood tests for identifying NASH

13



as reported by the LITMUS consortium. Vali et al (58] investigated a number of blood-based biomarkers for
their suitability to diagnose NASH from a large sample of over 680 participants. Their analysis concluded
that no single biomarker showed sufficient accuracy for discriminating NASH, reporting an AUC of 0.64 for
FIB-4 and AUC of 0.62 for ELF **!, Reasonable performance for discriminating NASH from NAFLD has been

p [12

reported for ultrasound methods such as CA ! However, unless CAP is combined with liver stiffness, it

is poor at discriminating those with NASH with significant fibrosis (F>2) 2.

Tests for NASH are now being recommended to be integrated into multidisciplinary care pathways

given the often concurrent presence of type Il diabetes and obesity. As such, it may be suggested that cT1

be incorporated into such pathways for those with risk factors for NASH 4l

and in particular for those
with failed or indeterminate screening tests. This is because cT1 has (i) good diagnostic accuracy for high-
risk NASH, (ii) strong NPV for ruling out and good PPV for ruling in high-risk NASH, even at low prevalence,
as well as a (iii) low number of indeterminate values. Early economic models exploring risk stratification
pathways with cT1 alone or in combination with other non-invasive technologies have demonstrated

[60-62

cost-effectiveness over biopsy or ultrasound-based imaging technologies alone I particularly in the

62]

scenario of following a failed or indeterminate ultra-sound test '*? and for the avoidance of unnecessary

liver biopsies'®*%?

. In fact, MRI biomarkers to avoid unnecessary liver biopsies were employed in a recent
16 week phase 2a clinical trial (NCT03976401), in which only patients with 230% reduction in MRI liver fat

were deemed eligible for end-of-treatment biopsy ©* resulting in 17 biopsies avoided in the placebo arm

of the study.

A great strength of this study is the large number of individual participant datasets with suspected NAFLD
from multiple sites in Asia, Europe and North America, collected on all major MRI scanner models and at

different field strengths. The strength of the results from this study are further emphasized by the high

14



diagnostic performance despite heterogeneous clinical pathways, at a relatively low overall prevalence of
high-risk NASH that is closer to a real-world NAFLD care setting. A limitation related to the pooling of
these studies is the variable number of participants from each study and the lack of centrally read
histology for all participants, which could potentially lead to a bias in the data. However, this has been
addressed by performing a meta-analysis of the individual studies, which resulted in a similar summary
diagnostic accuracy for the multiparametric MRI biomarkers to identify high-risk NASH patients and

showed no significant bias for cT1 between the studies.

In summary, these results show that both MRI liver fat and cT1 are effective biomarkers for identifying
those with NASH however cT1 is superior in identifying NASH patients at greatest risk of disease
progression and thus has the potential to reduce unnecessary biopsies by providing an accurate and

reliable alternative in the clinical care pathway.

Conclusion:

This large, pooled analysis and meta-analysis using 543 individual participant datasets from five
independent studies, with data acquired across the world and on all major scanner models, demonstrates
good diagnostic accuracy of multiparametric MRI biomarkers cT1 and MRI liver fat (PDFF) to identify
patients with NASH and of cT1 alone to identify NASH patients who are at higher risk of disease

progression.
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Table 2: Descriptive statistics on full pooled individual participant data, as well as divided by those with NAS>4&F>2 versus those

without. Significance difference represented a p<.05.

Descriptive Statistics: Pooled data NAS<4 or F<2 | NAS>4 & F>2 p-value
Total N (%) 543 (100) 127 (44.7) 157 (55.3)
Age (years) Median (IQR) 56 (13) 56 (12) 59 (17.5) 0.0323
N/A (n) 44 12 6
BMI (kg/m?) Median (IQR) 31(7) 32(8) 32(7) 0.7488
N/A (n) 21 3 1
Sex F,n (%) 220 (41.9) 62 (49.6) 66 (42.3) 0.2247
M, n (%) 305 (58.1) 63 (50.4) 90 (57.7)
N/A (n) 18 2 1
T2 Diabetes Mellitus Yes, n (%) 173 (60) 36 (58) 86 (71) 0.1093
N/A (n) 256 65 36
Histology Score/Grade n (%) n (%) n (%)
Fibrosis (Kleiner Brunt) 0 147 (27.1) 23 (18.1) 0(0)
1 152 (28) 75 (59.1) 0(0)
2 88 (16.2) 9(7.1) 56 (35.7) <0.0001
3 101 (18.6) 12 (9.4) 72 (45.9)
4 55(10.1) 8 (6.3) 29 (18.5)
Ballooning 0 224 (41.3) 0(0) 0(0)
1 237 (43.6) 114 (89.8) 93 (59.2) <0.0001
2 82 (15.1) 13 (10.2) 64 (40.8)
Lobular Inflammation 0 134 (24.7) 0(0) 0(0)
1 283 (52.1) 107 (84.3) 61 (38.9)
2 116 (21.4) 20(15.7) 86 (54.8) <0001
3 10(1.8) 0(0) 10 (6.4)
Steatosis 0 70(12.9) 0(0) 0(0)
1 222 (40.9) 45 (35.4) 37 (23.6)
2 148 (27.3) 40 (31.5) 75 (47.8) 00145
3 103 (19) 42 (33.1) 45 (28.7)
NAS >4 n (%) 256 (47.1) 83 (65.4) 157 (100) <0.0001
MRI liver fat (PDFF, %) Median (IQR) 9.2 (9.2) 12.4 (10) 12.2 (8.7) 0.959
cT1 (ms) Median (IQR) 812 (136) 834 (124) 895 (132) <0.0001

Table 2. Diagnostic accuracy of cT1 to identify patients with high-risk NASH at pre-specified thresholds.
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NAS>4 & F>2 (29% prev)

cT1: AUROC = 0.78 [0.74-0.82]

>800 ms

>825 ms

>875 ms

>900 ms

2925 ms

Threshold

86

78

59

48

39

Sensitivity (%)

56

67

81

86

90

Specificity (%)

PPV (%)

45

49

55

59

60

NPV (%)

91

88

83

80

78

Table 3: Modelled positive and negative predictive values (PPV and NPV) for cT1 at simulated prevalence of high-risk NASH,
based on performance in the pooled dataset (n=543).

Prevalence of high-risk NASH

Biomarker Cut-off

10% 30% 50% 70%

2825 ms 21 50 70 85

Tl >875 ms PPV (%) 26 57 76 88
2925 ms 30 63 80 90

2825 ms 96 88 75 57

cTl 2875 ms NPV (%) 95 82 66 46
2925 ms 93 77 60 39
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What you need to know:

BACKGROUND: Non-invasive quantification of liver fat and fibro-inflammation using magnetic
resonance imaging can identify patients with non-alcoholic steatohepatitis (NASH) and NASH with
significant disease activity and fibrosis.

FINDINGS: MR liver fat (PDFF) and iron corrected T1 (cT1) showed high diagnostic performance for
identification of NASH. cT1 was superior for NASH with significant disease activity and fibrosis
IMPLICATIONS FOR PATIENT CARE:

MR liver fat and cT1 are effective biomarkers for identifying those with NASH at greatest risk of

disease progression and thus have the potential to provide accurate and non-invasive alternatives to

liver biopsy in the clinical care pathway.





