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fat associated with inflammation (Metabolic Dysfunction 
Associated Steatohepatitis; MASH) and fibrosis and cirrho-
sis. It is now well established that those with fibrosis are 
at increased risk of adverse clinical outcomes, while those 
with simple steatosis have better prognosis [2, 3]. The prog-
nostic importance of MASH remains a matter of debate [4].

The terminology of non-alcoholic fatty liver disease 
(NAFLD) has been revised to metabolic dysfunction–asso-
ciated steatotic liver disease (MASLD) to better reflect 
underlying pathophysiology. NAFLD/NASH definitions 
were limited by exclusionary criteria and stigmatizing 
language. A global Delphi consensus recommended the 
MASLD/MASH definitions, which require at least one car-
diometabolic risk factor. This change aims to reduce stigma, 
improve diagnostic clarity, and enhance patient identifica-
tion and research [5]. This change is also relevant to our 
review because the vast majority of studies we review 
here, were conducted before the nomenclature change and 
included participants based on the old definition of NAFLD/
NASH. As there is substantial overlap between the old and 
new definitions, for the purposes of this review we consider 
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the terms interchangeable and we use the new terms of 
MASLD/MASH throughout.

Liver biopsy is needed for the diagnostic classification 
of MASLD into simple steatosis or MASH and the stag-
ing of fibrosis. This presents a challenge in clinical practice 
and in the conduct of clinical trials. In clinical practice, it is 
important to identify people at high risk of MASLD related 
adverse clinical outcomes, so that they are prioritised for 
follow up in secondary care and for appropriate surveil-
lance in those with liver cirrhosis. As MASLD is highly 
prevalent, liver biopsy is not practical as a diagnostic tool 
to be applied at a population level, because of its costs and 
invasiveness.

Up to now, liver biopsy has also been critically important 
in clinical trials where it is needed during screening proce-
dures to identify potential participants with MASH and the 
appropriate level of fibrosis. Furthermore, changes in MASH 
and fibrosis are the only approved surrogate end-points in 
such trials. Participants in MASH clinical trials therefore 
need to have repeated liver biopsies. Sampling errors and 
observer dependent variability in liver biopsy reporting 
means that more study participants have to be recruited to 
achieve sufficient statistical power, while studies also suffer 
from high screening failure rates and dropouts. These chal-
lenges have now been accepted by regulators who recently 
published guidance on how non-invasive tests could be 
adopted as reasonably likely surrogate endpoints that can be 
used in place of liver biopsy [6].

Steatosis has traditionally been regarded as a “benign” 
feature of MASLD that has no bearing on the progression 
of liver disease. This may be in part because steatosis is 
routinely quantified histologically as the “number of hepa-
tocytes containing lipid droplets”, while MRI can quantify 
liver fat as a proportion (fat fraction, %) of liver tissue. The 
differences in histological and MRI assessment of steato-
sis are well described [7] and data suggest that MRI rather 
than histology is the gold standard for liver steatosis evalu-
ation [8]. The benign nature of steatosis was challenged in a 
natural history study using MRI proton density fat fraction 
(PDFF) to quantify liver fat at baseline, where those with 
liver fat fraction ≥ 15.7% were more likely to have progres-
sively worsening fibrosis (multivariable adjusted odds ratio 
6.7; 95% CI 1.01–44.1; p = 0.049) [9].

Furthermore, evidence is emerging from clinical tri-
als where liver fat is being assessed with MRI PDFF that 
suggests that reduction in liver fat is associated with histo-
logic improvements. Data suggest that a relative decrease 
of 30% in MRI PDFF quantified liver fat is associated with 
improvements in MASH [10–12], and steatosis on biopsy 
and reductions of serum markers of fibrosis and MASH 
activity [13–16]. Furthermore, relative liver MRI PDFF 
reductions of 58% and 67% were observed in the study of 

the fibroblast growth factor −19 analogue NGM282 and 
these were associated with improvement in fibrosis [17, 18]

In summary, there is an unmet need for non-invasive bio-
markers of fibrosis as this is an important prognostic factor, 
for the diagnosis of MASH for inclusion in clinical trials 
and assessment of effectiveness and for steatosis that can 
be an early predictor of response to treatment. To address 
these areas of unmet clinical need and to reduce reliance on 
liver biopsy for the assessment of MASLD in different con-
texts, several non-invasive techniques have been developed. 
These are generally divided into serum-based biomarkers, 
ultrasound elastography based biomarkers and magnetic 
resonance based biomarkers, which will be the focus of 
this chapter. In general, simple serum based markers are 
recommended for population screening in the community 
with direct serum markers [19] and transient elastography 
reserved as a second tier of assessment. MR based biomark-
ers are generally reserved for cases where transient elastog-
raphy fails or in indeterminate cases [20].

Several MR biomarkers have been developed and evalu-
ated in different contexts of MASLD. Our aim is therefore 
to provide a narrative review of the various MR techniques 
that have been applied for the evaluation of several aspects 
of MASLD. The main contexts of use we include are the 
distinction of MASH vs non-MASH, the staging of fibrosis, 
the prediction of adverse clinical outcomes and the monitor-
ing of treatment response.

Magnetic Resonance Elastography

Overiew

Magnetic Resonance Elastography (MRE; Resoundant, 
Rochester, US) is an MR technique that measures liver stiff-
ness. It requires additional hardware, software, and MR suite 
adaptations. During MRE, a plastic device is placed over the 
liver to transmit mechanical shear waves, which are visual-
ized using 2D gradient-echo sequences to estimate stiffness. 
These data are then used to provide an estimate of the liver 
stiffness, which is mostly considered a biomarker of fibro-
sis. 2D-MRE is clinically available and is the most validated 
of the MR based biomarkers in MASLD. 3D-MRE, still in 
development, provides additional information beyond stiff-
ness which may improve diagnostic performance.

MRE has a low failure rate (4.3%) [21] and excellent 
inter-observer agreement (ICC 0.95) [22]. In a recent study 
by the NIMBLE Consortium 2D MRE had a repeatability 
coefficient of 0.75  kPa (95% CI: 0.60–0.99), indicating a 
high level of measurement consistency. 3D MRE repeatabil-
ity coefficient percentage was 19.7% (95% CI: 15.8–26.2), 
suggesting greater variability. These findings highlight that 
while both modalities provide valuable insights into liver 
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stiffness, 2D MRE offers more robust repeatability, which 
could be advantageous for longitudinal disease monitoring 
and clinical trial applications [23].

MASH vs Non-MASH

Reports on diagnostic performance of MRE for MASH 
vary. An early retrospective study reported an area under 
the receiver operating curve (AUROC) of 0.93 (24) 
(threshold 2.74 kPa, Se 0.94, Sp 0.73, PPV 0.85, NPV 0.89; 
threshold 2.90 kPa Se 0.83, Sp 0.82, PPV 0.88, NPV 0.75) 
for the diagnosis of MASH using 2D MRE. A more recent 
prospective study also reported similar results (AUROC 
of 0.89; threshold 3.3  kPa Se 0.79 and Sp 0.82) [24]. In 
this study, MRE performed better than PDFF derived from 
a 6-point Dixon method, and native T1 mapping using 
SMART1Map [24].

However, this level of performance has not been repli-
cated in all studies. Five other prospective studies reported 
area under the curve (AUC) ranging from 0.70 to 0.81 [25–
29], and showed that MRE does not offer any improvement 
in the diagnosis of MASH compared to transient elastog-
raphy [26, 29–32]. Data from the prospective multicentre 
LITMUS Imaging Study [33] found MRE liver stiffness to 
be the best performing MR biomarker for MASH and at-
risk-MASH but with AUROC < 0.80 in both cases [34].

Studies that have examined 3D MRE for the diagnosis of 
MASH have also only reported moderate diagnostic accu-
racy. In a study of 100 participants, 3D MRE (60 Hz) and 
3D MRE (40 Hz) had AUROC of 0.76 and 0.74 respectively, 
compared to 2D MRE (60 Hz) of 0.75 [27]. In participants 
who were undergoing bariatric surgery, the AUROC for the 
diagnosis of MASH was 0.73 [35]. Approaches where MRE 
data is combined with clinical and laboratory parameters to 
create multivariable models have produced some encour-
agning results for the diagnosis of MASH (AUROC 0.84) 
[36]. Combination approaches for the diagnosis of what is 
termed as “at-risk MASH” (presence of MASH and at least 
F2 fibrosis) have also been fairly extensively validated. Of 
these, the MAST score that includes the paramethers of 
MRE liver stiffness, MRI PDFF and AST has been the most 
promising [37, 38].

Staging of Fibrosis in MASLD

There is increasing evidence that MRE measured liver stiff-
ness is the best performing biomarker for the assessment of 
liver fibrosis. Several studies have now examined this and 
liver fibrosis evaluation has been the subject of several meta-
analysis with consistent results throughout. In a meta-anal-
ysis of 5 studies including 628 participants, the mean AUC 
of the pooled data for the diagnosis of significant fibrosis 

(F ≥ 2), advanced fibrosis (F ≥ 3) and cirrhosis were 0.88 
(95% CI 0.83–0.92), 0.93 (0.90–0.97) and 0.92 (0.80–1.00) 
respectively. In a meta-analysis of 11 studies MRE liver 
stiffness had summary ROC of 0.92 and 0.90 for advanced 
fibrosis and cirrhosis respectively. In an individual partici-
pant data meta-analysis of 115 participants from eight stud-
ies, the AUC for the diagnosis of fibrosis stage ≥ 1, ≥ 2, ≥ 3, 
and 4 were 0.89 (0.81–0.97), 0.90 (0.79–0.93), 0.94 (0.91–
0.98) and 0.90 (0.64–0.94) respectively. In a more recent 
individual participant data meta-analysis that included 798 
participants MRE showed excellent diagnostic accuracy for 
significant fibrosis (F ≥ 2) with an AUROC of 0.92 (thresh-
old of 3.14 kPa, the sensitivity was 79% and the specificity 
was 89%.) For advanced fibrosis (F ≥ 3), the AUROC was 
also 0.92, with a threshold of 3.53 kPa yielding a sensitiv-
ity of 87% and a specificity of 88% [39]. Most recently, 
the headline results from the LITMUS Imaging study have 
also reported similar performance, with an AUC of 0.91 for 
both advanced fibrosis and cirrhosis [34]. MRE appears to 
perform equally well in paediatric MASLD [40], and bet-
ter than TE and serum-based indirect biomarkers [41, 42]. 
The results of some of the main individual studies that have 
examined MRE measured liver stiffness for fibrosis evalua-
tion in MASLD are summarised in Table 1.

MRE liver stiffness is usually evaluated by manually 
selecting regions of interest in the MRE elastogram images. 
More recently, convolutional neural networks have been 
examined in the reporting of MRE with strong agreement 
between manual and CNN read values (Intraclass correla-
tion coefficient: 0.98–0.99), minimal bias (0.10  kPa), and 
low variability (CV: 4.2–4.8%). Both methods demon-
strated comparable diagnostic performance, with AUC 
values ranging from 0.87 to 0.93 across fibrosis stage com-
parisons, with no significant differences [52]. Application 
of machine learning techniques to read MRE scans has the 
potential to scale up the technology and lead to more wide-
spread adoption.

Monitoring Treatment Response

MRE has been validated as an exploratory end point in sev-
eral clinical trials. In an analysis of the data from the phase 
II trial of selonsertib [53], MRE had an AUC of 0.62 (95% 
CI: 0.46–0.78) for the prediction of fibrosis improvement 
[54]. In another secondary analysis of the placebo arms of 
two clinical trials [10, 55], a decrease of ≥ 5% in body mass 
index, was associated with a decrease in MRE liver stiff-
ness, while patients who did not lose weight did not show 
any MRE changes [55, 56]. Treatment with pemafibrate was 
associated with a decrease in MRE liver stiffness in a phase 
2 trial [57], however, MRE liver stiffness did not change 
after treatment with semaglutide, despite reduction in liver 
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fat as measured by MRI PDFF [58]. In two studies evalu-
ating total diet replacement with very low calorie supple-
ments MRE liver stiffness improved in non-cirrhotic MASH 
[59] but not in MASH with cirrhosis [60].

Predicting Adverse Clinical Outcomes

In an early retrospective study of patients with advanced 
fibrosis (25% had MASLD),MRE liver stiffness predicted 
decompensation independently of age, MELD score, serum 
albumin and hepatitis C diagnosis [61]. Increasing data is 
emerging that supports the use of MRE liver stiffness as a 
robust prognostic tool in MASLD.

In a study of 829 participants with MASLD, MRE liver 
stiffness predicted progression to cirrhosis in those with-
out cirrhosis at baseline (HR = 2.93, C-statistic = 0.86), and 
adverse clinical outcomes in those with compensated cir-
rhosis at baseline (HR = 1.32) [62].

In another study, those with baseline MRE liver stiff-
ness between 5–8 kPa had a hazard ratio (HR) of 11.0 for 
adverse outcomes, and those with stiffness ≥ 8 kPa had an 
even higher HR of 15.9, compared with patients < 5  kPa 
(p < 0.001). Baseline MRE liver stiffness was also predic-
tive of hepatocellular carcinoma (HCC): the 3-year risk was 
0.35% for patients < 5 kPa, 5.25% for those with 5–8 kPa, 
and 5.66% for those ≥ 8 kPa [63].

Combinations of MRE-LS with simple serum based mark-
ers have also been evaluated with encouraging results. The 
combined MEFIB score (MRE ≥ 3.3  kPa and FIB-4 ≥ 1.6) 
was an especially strong predictor, with an HR of 20.6 and 
a 5-year negative predictive value (NPV) of 99.1% [63]. In 
another study of 1254 participants, an MRE-based multivar-
iate model incorporating age, MRE-LS, albumin, AST, and 
platelet count demonstrated excellent prognostic accuracy. 
The c-statistics for predicting hepatic decompensation were 
0.912 and 0.871 at 3  years in the training and validation 
cohorts, respectively, and 0.891 and 0.876 at 5 years. Simi-
larly, the model predicted hepatocellular carcinoma devel-
opment with c-statistics of 0.876 and 0.911 at 3 and 5 years, 
respectively, and all-cause mortality with c-statistics of 
0.806 and 0.760. Notably, these values were significantly 
superior to those obtained with FIB-4 [64].

LiverMultiscan™

Overview

LiverMultiScan™ (LMS; Perspectum, Oxford, UK) com-
bines shMOLLI T1 mapping, T2*, and PDFF. A key feature 
is correction of T1 for iron (measured by T2*), producing 
the iron-corrected T1 (cT1), which improves diagnostic 

Table 1  Diagnostic performance of magnetic resonance elastography 
for the assessment of fibrosis in metabolic dysfunction associated stea-
totic liver disease
Study Study 

design
number of 
participants

Diagnostic performance

Kim 
2013 [43]

Retrospec-
tive 2D 
MRE

142 AUC = 0.95 for F ≥ 3

Loomba 
2014 [28]

Prospec-
tive 2D 
MRE

117 AUC = 0.84 for F ≥ 1
AUC = 0.86 for F ≥ 2
AUC = 0.92 for F ≥ 3
AUC = 0.89 for F4

Cui 2016 
[44]

Prospec-
tive 2D 
MRE

125 AUC = 0.80 for F ≥ 1
AUC = 0.89 for F ≥ 2
AUC = 0.93 for F ≥ 3
AUC = 0.88 for F4

Imajo 
2016 [45]

Prospec-
tive 2D 
MRE

142 AUC = 0.80 for F ≥ 1
AUC = 0.89 for F ≥ 2
AUC = 0.89 for F ≥ 3
AUC = 0.97 for F4

Loomba 
2016 [27]

Prospec-
tive
2D MRE
(60 Hz)
3D MRE
(60 Hz)
3D MRE
(40 Hz)

100 AUC = 0.85 for F ≥ 1
AUC = 0.88 for F ≥ 2
AUC = 0.92 for F ≥ 3
AUC = 0.98 for F4
AUC = 0.86 for F ≥ 1
AUC = 0.84 for F ≥ 2
AUC = 0.93 for F ≥ 3
AUC = 0.98 for F4
AUC = 0.85 for F ≥ 1
AUC = 0.86 for F ≥ 2
AUC = 0.98 for F ≥ 3
AUC = 0.99 for F4

Park 
2017 [46]

Prospec-
tive 2D 
MRE

104 AUC = 0.82 for F ≥ 1
AUC = 0.89 for F ≥ 2
AUC = 0.87 for F ≥ 3
AUC = 0.87 for F4

Costa-
Silva 
2018 [25]

Prospec-
tive 2D 
MRE

49 AUC = 0.88 for F ≥ 1
AUC = 0.93 for F ≥ 2
AUC = 0.93 for F ≥ 3
AUC = 0.96 for F4

Jung 
2020 [47]

Prospec-
tive 2D 
MRE

238 AUC for F ≥ 2 = 0.93

Imajo 
2022 [48]

Prospec-
tive 2D 
MRE

201 AUC 0.95 for F ≥ 1
AUC 0.93 for F ≥ 2
AUC 0.93 F ≥ 3
AUC 0.92 F4

Tamaki 
2023 [49]

Multi-
center 2D 
MRE

806 For F ≥ 3
AUC 0.84 (training cohort)
AUC 0.87 (validation 
cohort)

Duman 
2024 [50]

Retrospec-
tive 2D 
MRE

119 AUC = 0.85 for F ≥ 2

Zhang 
2021 [51]

Prospec-
tive 2D 
MRE

100 AUC for ≥ F1 = 0.81
AUC for ≥ F2 = 0.94
AUC for ≥ F3 = 0.95
AUC for ≥ F4 = 0.92

Pavlides 
2025 [34]

Prospec-
tive 2D 
MRE

262 AUC 0.91 for F ≥ 3
AUC 0.91 for F4
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significant improvements in cT1 and LMS-PDFF in people 
with non-cirrhotic and cirrhotic MASH treated with very 
low calorie diets [59, 60]. Liver cT1 also improved in 
those with BMI > 35 kg/m2 treated with mastiha (a natural 
nutritional supplement from the resin of the tree Pistacia 
lentiscus) [79].

Predicting Adverse Clinical Outcomes

LMS has not been specifically tested for the prediction of 
clinical outcomes in MASLD cohorts. In a study includ-
ing participants with mixed liver disease aetiologies (35% 
MASLD) and varying degrees of fibrosis, LMS cT1 had a 
hazard ratio of 9.7 for the prediction of liver related events 
[80]. In the same study, a model including all three LMS 
variables (cT1, T2* and PDFF) had a hazard ratio of 75.7 
demonstrating how the multi-parameter approach in this test 
can provide improved performance.

Population studies have also shown association 
between liver cT1 and cardiovascuilar outcomes. In the 
Multi-Ethnic Study of Atherosclerosis liver T1 was found 
to correlate with heart failure, atrial fibrillation, and coro-
nary heart disease [81]. More recently, data from the UK 
biobank have also corroborated these results showing that 
cT1 is associated with adverse cardiac outcomes [82]. Due 
to the lack of histological validation in these studies, it is 
difficult to know whether the cT1 elevation is related to 
fibroinflammatory processes in the liver which may then 
indirectly drive cardiovascular disease, or whether the 
elevated cT1 is due to other pathological processes like 
liver congestion from possible coextisting subclinical right 
heart dysfunction.

Detection of Metabolic Liver Injury (deMILI) MRI

Overview

Detection of metabolic liver injury (deMILI) MRI uses 
optical analysis of magnetic resonance images to define 
NASHMRI (0–1) and FibroMRI (0–1), measures of MASH 
and liver fibrosis respectively. Image acquisition does not 
require injection of intravenous contrast [83]. Available data 
suggest that the between scanner reproducibility is good 
when tested using independent cohorts in Phillips and GE 
scanners[83]. In small number of patients (n = 9) assessed by 
both Philips and GE scanners, FibroMRI correctly detected 
in fibrosis in 3/3 cases and correctly excluded in 5/6 cases 
using both Philips and GE devices. Furthermore,

MASH was correctly diagnosed in 3/4 cases and cor-
rectly excluded in 4/5 cases using NASHMRI on data from 
both scanners[83].

accuracy (67, 68). While not as extensively validated as 
MRE in cross sectional studies of MASLD, LMS is widely 
applied, including in the UK Biobank [65–68].

LMS has a low failure rate (2–5%), mainly due to patient 
factors such as claustrophobia, and shows excellent repro-
ducibility across scanners and field strengths (CV 3.3%, bias 
6.5 ms) with high scan–rescan repeatability (CV 1.7%) [69]. 
In a head-to-head comparison, LMS demonstrated superior 
test–retest repeatability versus MR elastography and tran-
sient elastography [70].

MASH vs Non-MASH and Staging of MASLD Fibrosis

In a study of 71 patients from one centre [71], LMS cT1 
had an AUROC of 0.89 for the identification of significant 
MASLD as defined by the FLIP consortium algorithm 
[72]. In the same study there was good performance for 
the differentiation of MASH vs simple steatosis (AUROC 
0.80). Furthermore, cT1 could identify patients with 
significant activity (ballooning + lobular inflammation; 
AUROC 0.83) and cirrhosis (AUROC 0.85). In a two 
centre study of 50 patients [73], LMS cT1 had moderate 
diagnostic performance for the distinction of MASH vs 
simple steatosis (AUROC 0.69) [74]. A 2022 multicenter 
analysis compared the diagnostic value of several MRI-
derived biomarkers in differentiating MASH from non-
MASH. The study found that cT1 achieved an AUROC 
of 0.78, comparable to MRI-derived liver fat (AUROC 
0.78), while conventional MRI liver fat alone performed 
less well (AUROC 0.69). When cT1 and MRI liver fat 
were combined, the diagnostic accuracy increased to an 
AUROC of 0.82 [75].

In a study evaluating MRI-based biomarkers, both cT1 
and PDFF were found to correlate with all components of 
the MASLD Activity Score (MAS) [76]. In a study from 
Japan LMS PDFF had an AUROC of 0.80 for the detec-
tion of MASH, while cT1 achieved an AUROC of 0.75 [77]. 
In the recent data from the prospective LITMUS imaging 
study LMS cT1 and LMS PDFF both had an AUC of 0.66 
for the diagnosis of at-risk-MASH (MASH + ≥ F2) [34].

Monitoring Treatment Response

LMS cT1 and PDFF have been included as exploratory 
endpoints in a number of clinical trials. Data from 150 par-
ticipants of 3 studies are included in a recent analysis where 
there was a significant decrease in liver cT1 (−119  ms 
vs. −49  ms) and PDFF (−65% vs. −29%) in responders 
compared to non-responders (p < 0.001), respectively. 
The diagnostic accuracy to identify responders was 0.72 
(AUC) for both cT1 and LMS-PDFF [78]. There were also 
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Diffusion Weighted Imaging

Overview

Diffusion-weighted imaging (DWI) tracks water diffusion in 
tissues, quantified by the apparent diffusion coefficient (ADC) 
and fractional anisotropy. Steatosis, inflammation, and fibro-
sis alter diffusion, and are measurable with DWI. The intra-
voxel incoherent motion (IVIM) method further accounts for 
diffusion signals from blood flow in vascular beds [97].

This method is limited by high failure rate [98] and the 
method of analysis can also have a significant impact on 
results [99].

MASH vs Non-MASH and Staging of MASLD Fibrosis

In a small study the IVIM parameters of “pure molecular dif-
fusion; D”, “perfusion-related diffusion, D* and “perfusion 
fraction; f” there was only moderate diagnostic accuracy for 
the diagnosis of MASH (AUC 0.74 for D, 0.68 for D*, 0.61 
for f) and fibrosis (AUC 0.69 for D, 0.68 for D*, 0.62 for f) 
[100]. Steatosis and fibrosis appear to have significant and 
independent effects on D and f [101]. The effects of steatosis 
have also been observed in other studies [102–105].

Studies have explored how IVIM can be used to gener-
ate a “virtual elastogram” based on a calibrated relationship 
between ADC and liver elasticity [106] and examined its 
application for the evaluation of liver fibrosis [107] and 
tumours [108]. While this method lacks further prospective 
validation it could provide an added advantage over MRE 
by negating the need for additional hardware.

Conclusions

MR-based biomarkers are relatively new compared with 
serum and ultrasound elastography. Among available tech-
niques, MRE (with PDFF) and LiverMultiScan (LMS) 
are the most validated. MRE best assesses advanced fibro-
sis, while both provide PDFF, an emerging predictor of his-
tological response.

Their role in clinical pathways remains unclear. Current 
guidelines recommend MR techniques as third-tier tests 
after serum and elastography, though cost-effectiveness 
data are lacking and upfront use may prove more efficient. 
Further validation is needed for predefined thresholds, such 
as the 30% PDFF reduction associated with histological 
response, and for prognostic value in MASLD cohorts.

MR biomarkers offer advantages beyond diagnostic 
accuracy: they are reproducible, scalable (e.g., LMS in UK 
Biobank), and adaptable to technical advances such as dif-
fusion-weighted “virtual elastography.”

MASH vs Non-MASH and Staging of MASLD Fibrosis

In a prospective study, for histologically defined MASH, 
NASHMRI achieved AUROC values of 0.88 (Se 0.87, Sp 
0.74) in the estimation cohort and 0.83 (Se 0.87, Sp 0.60) in 
the validation cohort, outperforming CK-18. For significant 
fibrosis (F0–F1 vs F2–F4), FibroMRI showed AUROCs of 
0.94 (Se 0.81, Sp 0.85) and 0.85 (Se 0.77, Sp 0.80), with 
superior accuracy to serum-based scores and comparable 
performance to transient elastography [83]. The perfor-
mance of the deMILI scores did not live up to their initial 
promise in the recent prospective LITMUS study [34].

Dynamic Contrast Enhanced MRI

Overview

Dynamic contrast-enhanced MRI (DCE-MRI) assesses liver 
function by measuring MR signal changes after intravenous 
gadoxetic acid. Signal intensity changes reflect hepatocyte 
number and function, allowing distinction between normal 
and diseased liver. DCE-MRI requires intravenous contrast 
which is contraindicated in significant renal dysfunction, 
but it can be applied across scanners and field strengths 
without standardization, as it relies on relative change. Most 
validation to date is retrospective.

MASH vs Non-MASH and Staging of MASLD Fibrosis

Some studies have shown utility of DCE-MRI in animal 
models [84–86]. A retrospective human study also showed 
that relative signal enhancement was associated with lobu-
lar inflammation (p = 0.002), ballooning (p = 0.04) and fibro-
sis (p < 0.0001) [87].

In cohorts with mixed liver disease aetiologies DCE-
MRI has shown some utility in the assessment of liver fibro-
sis [88], cirrhosis severity [89–91], and liver function [91, 
92]. In some studies DCE MRI performed better for the 
assessment of fibrosis compared to unenhanced T1 and dif-
fusion weighted imaging [93, 94]. However, generalisation 
of these results to MASLD must not be assumed.

A related approach to using gadolinium based contrast 
agents is to use iron containing contrast agents. Superpara-
magnetic iron oxide particles have been tested, but these 
have since been taken off the market [95]. More recently, 
there has been some interest in ultrasmall superparamag-
netic iron oxide particles. The iron containing contrast leads 
to changes in tissue R2* which can be measured. In a small, 
prospective, proof-of-concept study, the AUC for the diag-
nosis of MASH vs simple steatosis was 0.87 (95% CI 0.72–
1.0) [96]. However, the post contrast scans are acquired 72 h 
after injection which is impractical in clinical practice.
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	● Kim BK, Bergstrom J, Loomba R, Tamaki N, Izumi N, 
Nakajima A, Idilman R, et al. Magnetic resonance elas-
tography-based prediction model for hepatic decompen-
sation in NAFLD: A multicenter cohort study. Hepatol-
ogy 2023;78:1858–1866.

This reference demonstrates that magnetic resonance 
elastography can noninvasively predict hepatic de-
compensation in patients with NAFLD, supporting 
its role in prognostic risk stratification.

	● Andersson A, Kelly M, Imajo K, Nakajima A, Fallow-
field JA, Hirschfield G, Pavlides M, et al. Clinical Utility 
of Magnetic Resonance Imaging Biomarkers for Identi-
fying Nonalcoholic Steatohepatitis Patients at High Risk 
of Progression: A Multicenter Pooled Data and Meta-
Analysis.Clin Gastroenterol Hepatol 2022;20:2451–
2461 e2453.

This reference demonstrates that  MRI-based bio-
markers exhibit high diagnostic accuracy in iden-
tifying MASH patients at elevated risk of disease 
progression.
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