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Abstract

Fibrosis stage is what determines outcome in steatotic liver disease, and the disease is far too common for biopsy to be the route to establishing it.
Non-invasive tests have therefore become the pathway rather than an adjunct to it, and their thresholds now decide who is reassured, who isreferred and
who is treated.

Objectives: To review the published evidence on serum scores and elastography for staging fibrosis in metabolic dysfunction-associated steatotic liver
disease: how each performs against histology, how performance changes with the threshold chosen, how the modalities compare, and where sequential
testing strategies |eave the patient.

Material and Methods: Narrative review of diagnostic accuracy studies, individual patient data analyses, meta-analyses, guidelines and care pathway
trials indexed in PubMed and the major hepatology journals. Sudies were eligible if they reported the accuracy of a serum score or an elastography
modality against liver histology in a defined population, compared modalities directly, or evaluated a sequential testing pathway. No new patient data
were generated; every accuracy estimate and threshold quoted is one published by the original investigators.

Results: Pooling 207 studies covering more than 80,000 patient investigations, FIB-4 at the conventional 1.3 threshold detected advanced fibrosis with 71
per cent sensitivity, rising to 88 per cent at a threshold below 0.75; at 2.67 its specificity was 96 per cent. Elastography performed better and improved
with stage: pooling 63 studies covering 19,199 patients, transient elastography achieved areas under the curve of 0.83 for significant fibrosis, 0.87 for
advanced fibrosis and 0.94 for cirrhosis, with optimal cut-offs of 7.1 to 7.9 kilopascals against 3.62 to 3.8 for magnetic resonance elastography.
Thresholds achieving roughly 90 per cent sensitivity differed by modality, at 2.32 kilopascals for magnetic resonance elastography and 7.18 for transient
elastography. A sequential strategy combining FIB-4 with a serum panel excluded most patients from biopsy while retaining 90.4 per cent specificity.

Conclusion: No single test stages fibrosis adequately across the range. Serum scores are cheap and reasonable for exclusion, though the widely used
FIB-4 threshold of 1.3 misses close to three in ten patients with advanced fibrosis. Elastography is more accurate but least discriminating at exactly the
early stages where intervention has most to offer. Sequential pathways, rather than any individual test, are what the evidence supports.

Abbreviations: MASLD — Metabolic Dysfunction-Associated Steatotic Liver Disease, MASH — Metabolic Dysfunction-Associated Seatohepatitis, NAFLD
— Non-Alcoholic Fatty Liver Disease, NIT — Non-Invasive Test, FIB-4 — Fibrosis-4 Index, NFS— NAFLD Fibrosis Score, ELF — Enhanced Liver Fibrosis,
APRI — Aspartate Aminotransferase to Platelet Ratio Index, VCTE — Vibration-Controlled Transient Elastography, LSM — Liver Siffness Measurement,
MRE — Magnetic Resonance Elastography, SWE — Shear Wave Elastography, AUROC — Area Under the Receiver Operating Characteristic Curve, NPV —
Negative Predictive Value.
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Introduction had proposed a related redefinition [2]. The change matters for a
review of this kind principally because amost al the diagnostic
accuracy literature predates it, and the overlap between the old and
new populations has been shown to be high enough that the existing
evidence transfers [3,4].

The disease is common, and becoming more so, with global
prevalence estimates rising steadily and a corresponding increase in

In 2023 a multisociety Delphi process replaced the terms
non-alcoholic fatty liver disease and non-alcoholic steatohepatitis
with metabolic dysfunction-associated steatotic liver disease and
steatohepatitis, arguing that the old names relied on exclusionary
criteria and stigmatising language [1]. An earlier expert statement
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cirrhosis and transplant listing [5,6,7]. What determines whether an
individual patient is at risk is not the presence of steatosis but the
stage of fibrosis: in a cohort followed for up to 33 years, fibrosis
stage was the strongest predictor of disease-specific mortality [8].

That creates an arithmetic problem. Fibrosis stage is established
histologically, biopsy carries a measurable complication rate [9], and
the number of people with the disease is far too large for biopsy to
serve as the route to staging. Non-invasive tests were developed as
substitutes and have since become the pathway itself, embedded in
guidelines and care algorithms [10,11,12].

Two families of test are in routine use. Serum scores combine
widely available laboratory values, with FIB-4 [13], the NAFLD
fibrosis score [14] and panels of direct matrix markers [15] the most
established. Elastography measures liver stiffness physicaly, by
transient elastography, shear wave techniques or magnetic resonance
[16,17]. The aim of this review is to set out what each has been
shown to achieve, how sensitive that achievement is to the threshold
chosen, and what follows for how they should be sequenced.

Material and M ethods

Sear ch strategy: PubMed and the archives of the major hepatology
and radiology journals were searched for studies of non-invasive
fibrosis assessment in steatotic liver disease. Search terms combined
MASLD, NAFLD, fibrosis and cirrhosis with FIB-4, NAFLD
fibrosis score, enhanced liver fibrosis, transient elastography,
FibroScan, shear wave elastography, magnetic resonance
elastography, diagnostic accuracy and care pathway. Reference lists
of retrieved guidelines and meta-analyses were screened by hand for
further primary sources.

Eligibility: Studies were included if they reported the diagnostic
accuracy of a serum score or elastography modality against liver
histology in a defined population with steatotic liver disease;
compared two or more modalities directly; evaluated a sequential
testing strategy; or reported outcomes from a care pathway using
these tests. Guidelines and consensus statements were included
where they define thresholds in current use. Studies in other liver
aetiologies are cited only where they inform methodol ogy.

Data extraction and handling: Design, sample size, reference
standard, threshold applied and reported accuracy estimates with
their confidence intervals were extracted as published. Every
accuracy figure is reported together with the threshold that produced
it, because in this field the two are inseparable and quoting one
without the other is misleading. No pooling or re-analysis was
performed and no patient-level data were obtained. Figures 1 to 4
and Tables 1 and 2 reproduce published values only. This is a
narrative synthesis and was not registered as a systematic review.

Results

Serum scores and the cost of the threshold: The most
comprehensive comparison pooled 207 studies covering more than
80,000 patient investigations. At the conventional FIB-4 threshold of
1.3, sensitivity for advanced fibrosis was 71 per cent (95% CI
66-75). Lowering the threshold below 0.75 raised sensitivity to 88
per cent (85-91). At the upper threshold of 2.67, specificity was 96
per cent (94-97) (Figure 1) [16]. For significant rather than advanced
fibrosis, sensitivity at the 1.3 threshold fell to 65 per cent, rising to
89 per cent at athreshold of 0.48 [16].

The practical consequence deserves stating directly. A threshold
of 1.3 iswidely used to exclude advanced fibrosis and to decide that
no further testing is needed. At that threshold roughly three patients
in ten with advanced fibrosis are told they do not need it.
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Independent pooling in populations with type 2 diabetes has reached
similar conclusions, with low cut-offs giving moderate sensitivity
and specificity and high cut-offs trading sensitivity away amost
entirely for specificity [18].

FIB-4 PERFORMANCE FOR ADVANCED FIBROSIS BY THRESHOLD
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Figure 1. FIB-4 sensitivity and specificity for advanced fibrosis at three
thresholds, pooled across 207 studies [16]

Elastography performs better, and better at the top end: Pooling
63 studies covering 19,199 patients, transient elastography achieved
areas under the curve of 0.83 for at least F1, 0.83 for at least F2, 0.87
for at least F3 and 0.94 for cirrhosis (Figure 2) [17]. The gradient is
the point: the technique is most accurate for the stage that is easiest
to suspect clinically and least accurate for the early stages at which
intervention would matter most.

Optimal cut-offs for advanced fibrosis from that analysis were
7.1 to 7.9 kilopascals for transient elastography and 3.62 to 3.8 for
magnetic resonance elastography (Figure 4) [17]. An individual
patient data meta-analysis reached comparable conclusions for
magnetic resonance elastography while identifying confounders of
staging [19], and a direct head-to-head comparison in patients with
biopsy-proven disease found magnetic resonance elastography the
more accurate of the two [20].

TRANSIENT ELASTOGRAPHY ACCURACY BY FIBROSIS STAGE
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Figure 2: Pooled diagnostic accuracy of transient elastography by fibrosis stage,
from 63 studies covering 19,199 patients [17]
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Study n Design Principal reported finding
Anguloetd. 2007 [14] | 733 | Derivation | NAFLD firosisscore derived
Guhaetd.2008[15] | 192 | Validation 5;:3’;?;?;“@ F'TJ{;OS‘S panel
as o e |G|

Newsome et a. 2020 FAST score combining

350 Derivation

[21] stiffness, CAP and AST
VCTE AUROC 0.87 for
Chon et a. 2024 [17] 19,199 | Pooled advanced fibrosis; cut-off
7.1-7.9 kPa
) 80,000 FIB-4 1.3 sensitivity only 71%
Wilson et al. 2025 [16] . Pooled for advanced fibrosis

Table 1: Principa studies reviewed, with design and the finding as reported by
the original investigators

The modalities are not interchangeable: Thresholds achieving
approximately 90 per cent sensitivity differ substantialy between
techniques: 2.32 kilopascals for magnetic resonance elastography,
3.2 for point shear wave elastography, 4.92 for two-dimensional
shear wave elastography and 7.18 for transient elastography (Figure
3) [16]. Applying a transient elastography threshold to a shear wave
measurement, or the reverse, would misclassify alarge proportion of
patients.

Attempts to unify cut-offs across modalities are ongoing and
have been argued for on exactly these grounds [22,23]. In the
meantime the practical requirement is that a stiffness value is
reported with the modality that produced it, and that thresholds are
not transferred between machines.

THRESHOLDS GIVING ABOUT 90% SENSITIVITY, BY MODALITY
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Figure 3: Thresholds required to achieve roughly 90 per cent sensitivity for
advanced fibrosis, by elastography modality [16]
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Figure 4: Optimal reported cut-off ranges for advanced fibrosis by transient and
magnetic resonance elastography [17]
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Technical failureisnot evenly distributed: Transient elastography
fails more often in the patients who most need it. The XL probe was
developed specifically because measurement in overweight and
obese patients was frequently unreliable with the standard probe
[24], and subsequent work established how M and XL probe
readings should be interpreted against one another in steatotic liver
disease [25]. Since obesity is close to universal in this population,
the proportion of patients in whom a reliable measurement cannot be
obtained is not aminor footnote.

Serum scores have a different but equally systematic problem.

FIB-4 incorporates age directly, so its performance drifts with the
age structure of the population tested, and pooled subgroup analyses
have found lower sensitivity in older cohorts [18]. The direct matrix
marker panels avoid that dependency but cost more and are less
widely available [15,26].
Sequential testing is what the evidence supports. Because no
single test performs adequately across the range, guidelines have
converged on two-step pathways in which a cheap, sensitive first test
excludes the mgjority and a second, more specific test is applied to
the remainder [10,11,26]. In a real-world evaluation of one such
strategy, applying a serum panel threshold to patients with an
indeterminate FIB-4 gave 67.9 per cent sensitivity and 90.4 per cent
specificity for advanced fibrosis, with an area under the curve of
0.791, and avoided biopsy in 71.8 per cent of the patients to whom it
was applied [27].

Pathways of this kind have also been tested at the level of health
system implementation. A randomised trial in patients with type 2
diabetes evaluated automated fibrosis score calculation with
electronic reminder messages as a route to detecting advanced liver
disease [12], and a prospective primary care referral pathway
showed that structured use of non-invasive tests changed which
patients reached hepatology [28]. Scores combining stiffness with
laboratory values, such as the FibroScan-AST score [21] and the
Agile scores [29], represent afurther step in the same direction.

Test Best use Reported Principal limitation
performance
e Age-dependent;
) . Sensitivity 71% at ;
FIB-4 Fi rst—lllne 1.3 88% below 0.75 misses 29% at the
exclusion 16] usual threshold
[16,18]
o o
Serum matrix | Second-line ?t;cg:”yifg 0| cost and availability
panels ater FIB-4 | P SAL | [15,26]
. . AUROC 0.87 for Unreliable in obesity
;g‘g eint h f;:?i:?r;;?sn advanced fibrosis without the XL probe
grapny (17] [24,25]
More accurate than
MR Problem cases | VCTE head to head Cost and access
elastography [20] [19,23]

Table 2: Where each test fits, with reported performance and the limitation
described for it

Discussion

Two things follow from this evidence, and the first is uncomfortable.
The FIB-4 threshold of 1.3, which is embedded in most published
pathways as the point at which a patient can be reassured, has a
pooled sensitivity of 71 per cent for advanced fibrosis [16]. Applied
at population scale to a disease this prevalent, that is alarge absolute
number of people with advanced fibrosis who are told their liver has
been checked. Lowering the threshold to 0.75 recovers most of them,
at the cost of referring considerably more patients onward.
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The second is that elastography inverts the accuracy profile one
would want. It performs best for cirrhosis, which is often clinically
apparent and where the management question is portal hypertension
rather than staging [30], and worst for the transition from mild to
significant fibrosis, which is where identifying a patient early
enough to intervene actually matters [17]. That is a limitation of the
physical measurement rather than of any particular device.

Choosing thresholds honestly

The recurring theme across this literature is that a test does not have
asensitivity; atest at athreshold has a sensitivity. FIB-4 moves from
71 to 88 per cent sendtivity across a threshold change most
clinicians would regard as minor [16]. Elastography thresholds
giving equivalent sensitivity differ threefold between magnetic
resonance and transient techniques [16]. Reporting a result without
the threshold and the modality attached conveys less information
than it appears to.

This also bears on how the nomenclature change should be
handled. Because the diagnostic literature was generated under the
older definitions, thresholds carried forward into MASLD pathways
were validated in populations defined differently, even if the overlap
issubstantial [1,3,4]. That is an argument for revalidation rather than
for discarding the evidence.

Study limitations

The limitations belong to the underlying literature. Almost al
accuracy estimates derive from biopsy-referred populations, in
which the prevalence of advanced fibrosis is far higher than in the
primary care populations where these tests are increasingly applied,
so predictive values do not transfer [16,18]. Liver biopsy itself is an
imperfect reference standard, subject to sampling variability and
observer disagreement [31]. Pooled estimates carry substantial
heterogeneity, with performance varying by region, age and
reference standard, and the choice between biopsy and elastography
as the comparator materially changes the result [16,17,18]. Severa
of the newer composite scores were derived and validated in
overlapping cohorts[21,29].

Two gaps deserve naming. No study reviewed here reports
outcomes for patients managed by a non-invasive pathway against
those managed by biopsy, which is the comparison that would
establish whether the substitution is safe as well as accurate. And
thresholds have been derived amost entirely for cross-sectional
staging rather than for detecting change over time, which is what
monitoring atreated patient requires [22,32].

Conclusion

Fibrosis stage determines outcome in steatotic liver disease, and
non-invasive tests are now the route by which it is established for
almost everyone. The evidence supports a sequential approach rather
than reliance on any single test. It does not support the widely used
FIB-4 threshold of 1.3 as a safe exclusion point, since pooled
sensitivity at that threshold is 71 per cent, and a lower threshold
recovers most of the missed cases. Elastography is the more accurate
family of tests but is least discriminating at the early stages where
intervention has most to offer, and its thresholds are
modality-specific and not transferable. Reporting the threshold and
the modality alongside every result, and revalidating both in the
populations where the tests are actually used, are the immediate
requirements.
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