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The Fibroscan-AST (FAST) score was developed based on 
the data of patients who had a liver biopsy for non-alcoholic 
fatty liver disease (NAFLD) at several liver centres in 
England, and it was validated using data from seven clinical 
studies from North America, Europe and Asia (1). The FAST 
score requires only controlled attenuation parameter (CAP) 
and liver stiffness measurement (LSM) from a vibration-
controlled transient elastography (VCTE) examination 
and serum aspartate aminotransferase (AST) level in its 
calculation. While the formula is available publicly, a free 
application called myFibroScan (Echosens, Paris, France) 
can be used to easily calculate the FAST score (2), as well 
as two other VCTE-based scores called Agile 3+ and Agile 
4 (3). The diagnostic goal for the FAST score is fibrotic 
non-alcoholic steatohepatitis (NASH), which is defined 
histologically as the presence of NASH with a NAFLD 
activity score of ≥4 and significant fibrosis (≥F2). Fibrotic 
NASH has been identified as the target for clinical trials of 
emerging pharmacotherapies for NAFLD, an area which 
has seen an explosion of activities in recent years due to the 
significant unmet need.

In a recently published systematic review and meta-
analysis (4), Ravaioli and colleagues included twelve studies 
with a total of 5,835 patients who underwent a liver biopsy 
for NAFLD, and reported that the FAST score had an area 
under the receiver operating characteristic curve (AUROC) 
of 0.79, with sensitivity, specificity, positive predictive 

value (PPV) and negative predictive value (NPV) of 89%, 
89%, 65% and 92%, respectively, for the diagnosis of 
fibrotic NASH, with 33% of patients falling within the 
intermediate zone using the ≤0.35 and ≥0.67 cut-offs from 
the original study (1). The proportion of patients with 
fibrotic NASH was 28% in the study population. These 
values are remarkably similar to those from the external 
validation cohort of the original study, lending support to 
the robustness of the original study. When using the FAST 
score, as in any diagnostic tests, we should remember that 
the predictive values can be affected by the prevalence of 
the diagnostic goal in the tested population. In the primary 
care setting, where the prevalence of fibrotic NASH is 
much lower, the FAST score will have lower PPV, although 
its NPV will remain good. When using the FAST score as 
a pre-screening tool for clinical trials, it is also important 
to consider the trade-off between screen failure rate and 
missed case rate. For example, if only patients with FAST 
score ≥0.67 were selected to undergo screening, although 
the screen failure rate decreased from 72% to 31%, it was 
associated with a missed case rate of 52%. On the other 
hand, using the >0.35 cut-off decreased the missed case rate 
to 11%, but increased the screen failure rate to 51%. We 
should also be mindful that the diagnostic goal of fibrotic 
NASH includes patients with cirrhosis. If the FAST score 
was used as a pre-screening tool for a clinical trial that 
enrols only patients with NASH and F2 or F3 fibrosis, 
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Table 1 Performance of non-invasive tests for the diagnosis of fibrotic NASH

Test
Prevalence of 
fibrotic NASH

AUROC  
(95% CI)

Cut-offs
Sensitivity  
(95% CI)

Specificity  
(95% CI)

PPV (%)  
(95% CI)

NPV (%)  
(95% CI)

MACK-3 (HOMA-IR, 
AST, CK-18): Original 
study (5)

23.3% 0.85±0.02 ≤0.134 (rule-out fibrotic 
NASH)

90% at cut-off 
≤0.134

94.2% at cut-off 
≥0.550

83.4 96.9 

≥0.550 (rule-in fibrotic 
NASH)

MACK-3: External 
validation cohort (6)

21.4% 0.80 (0.74–0.87) ≤0.134 (rule-out fibrotic 
NASH)

100% at cut-off 
≤0.134

43.8% at cut-off 
≥0.550

43.1 100

≥0.550 (rule-in fibrotic 
NASH)

NIS4 algorithm (miR-
34a-5p, alpha-2-
macroglobulin, YKL-40, 
and HbA1C) (7)

44–49% 0.80 (0.77–0.84) <0.36 to rule-out fibrotic 
NASH;

81.5% (76.9–85.3) 
at <0.36 cutoff

87.1%  
(83.1–90.3) at ≥0.63 

cutoff

79.2  
(73.1–84.2) 

77.9  
(72.5–82.4) 

≥0.63 to rule-in fibrotic 
NASH

Proteomic-based 
classification model 
(4 circulating proteins, 
BMI, HbA1C)

NA Discovery cohort: 
0.88 (±0.03)

>−0.4491 to rule-in 
fibrotic NASH

NA NA 79.0 85.0

Validation cohort: 
0.80 (±0.04)

<−0.4491 to rule-out 
fibrotic NASH

SomaSignal test 
(composed of 35 
different proteins) (8)

46% 0.81 (0.75–0.86) Threshold 0.06 to rule-
in fibrotic NASH

67.0%  
(59.0–75.0)

82.0%  
(59.0–75.0)

NA NA

MAST score (9) Derivation 
cohort: 17.5%

0.86 (0.78–0.93) <0.165 rule-out fibrotic 
NASH

94.4% 72.9% 42.5 98.4

>0.242 rule-in fibrotic 
NASH

61.1% 89.4% 55.0 91.6

Validation 
cohort: 11.5%

0.93 (0.88–0.97) <0.165 rule-out fibrotic 
NASH

89.3% 72.2% 29.4 98.1

>0.242 rule-in fibrotic 
NASH

75.0% 90.3% 50.0 96.5

NASH, non-alcoholic steatohepatitis; AUROC, areas under the receiver operating characteristic curves; CI, confidence interval; PPV, positive predictive value; 
NPV, negative predictive value; HOMA-IR, homeostasis model assessment for insulin resistance; AST, aspartate aminotransferase; CK-18, cytokeratin-18 
fragments; BMI, body mass index; MAST, MRI-AST score; HbA1C, glycosylated hemoglobin; NA, not available.

additional screen failures can be expected from patients with 
cirrhosis. 

There are a few other non-invasive tests developed 
specifically for the diagnosis of fibrotic NASH (see  
Table 1). MACK-3 incorporates homeostasis model 
assessment of  insul in resistance,  serum AST and 
cytokeratin-18 levels to diagnose fibrotic NASH, showing 
a diagnostic accuracy of 93.2% and 79.1% in the original 
study and in an external validation study, respectively 
(5,6). Another score called the NIS4 panel, which utilizes 
microRNA-34a-5p, alpha-2-macroglobulin, YKL-40 and 
hemoglobin A1c, demonstrated an AUROC of 0.76 to 0.83 
for the diagnosis of fibrotic NASH (7). Recently, Govaere 
and colleagues eloquently detailed proteo-transcriptomic 
map of NASH and hepatic fibrosis during progressive 
NAFLD. From a total of 31 signature proteins identified 
in different hepatic cell populations after integrating 

proteomics (using the proteomic aptamer-based SomaScan 
Platform) and RNA sequencing approaches, a classification 
model was developed to diagnose fibrotic NASH using four 
exemplary circulating proteins (ADAMTSL2, AKR1B10, 
CFHR4 and TREM2), body mass index and type 2 diabetes 
mellitus status. This composite model identified fibrotic 
NASH with an AUROC of 0.88 in the discovery cohort 
and had an AUROC of 0.80 in the validation cohort (8). 
A comparative diagnostic accuracy study from the Liver 
Investigation: Testing Marker Utility in Steatohepatitis 
(LITMUS) project showed that the proteomic based 
SomaSignal test (a modified, aptamer-based logistic 
regression model) demonstrated the best performance 
for the diagnosis of fibrotic NASH with an AUROC of 
0.81 (10). Noureddin and colleagues developed the MRI-
AST (MAST) score, which combines steatosis measured 
with MRI-based proton density fat fraction (MRI-PDFF), 
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Figure 1 The journey of a patient with metabolic dysfunction associated fatty liver disease from initial consultation to assessment of 
severity of liver disease using blood-based and/or imaging biomarkers as well as other metabolic risk factors to treatment and follow-up 
consultation in a one-stop metabolic health clinic. Patients with more severe liver disease (e.g., compensated advanced chronic liver disease 
or decompensated liver disease) are referred to the liver clinic for further management.  

liver stiffness measured with MR elastography (MRE), and 
serum AST level, for the diagnosis of fibrotic NASH. The 
MAST score had an impressive AUROC of 0.93, which was 
superior to the FAST score (9).

The choice of test used for the diagnosis of fibrotic 
NASH depends not only on its accuracy, but also on cost 
and availability. The blood-based scores mentioned above 
requires markers that are not routinely available and/or the 
use of a proprietary algorithm. On the other hand, MRI-
based tests, especially MRE, are not readily available and 
costly. Furthermore, MRI-based tests are not point-of-
care tests, unlike VCTE. Besides the FAST score, other 
VCTE-based scores, namely Agile 3+ and Agile 4, which 
use readily available parameters in addition to LSM, can 
reduce the proportion of patients with indeterminate results 
and improve the PPVs compared with LSM alone for the 
diagnosis of advanced fibrosis and cirrhosis, respectively (3).  
Currently, the American Association for the Study of Liver 
Diseases and the European Association for the Study of 
Liver both recommends the use of sequential testing, 

namely fibrosis-4 score as the initial test, followed by a 
second test (e.g., LSM, using the 8 and 12 kPa cut-offs), for 
the identification of patients with advanced fibrosis (11,12). 
The 6th Edition of the Clinical Practise Guidelines on 
the Management of Type 2 Diabetes Mellitus in Malaysia 
and the Malaysian Society of Gastroenterology and 
Hepatology consensus statements on metabolic dysfunction 
associated fatty liver disease (MAFLD) provides a similar 
recommendation albeit using higher cut-offs for LSM at 10 
and 15 kPa (13,14). There is no clear recommendation on 
the use of the VCTE-based scores or the other non-invasive 
scores targeting fibrotic NASH in the guidelines. While 
data on non-invasive tests as an alternative to histology 
for the prediction of long-term clinical outcomes are 
emerging (e.g., for LSM) (15), more work needs to be done 
for VCTE-based scores and the other non-invasive scores 
targeting fibrotic NASH in this aspect. Further studies 
and guidance are also needed on the use of non-invasive 
tests for the selection of patients for pharmacotherapy 
when this becomes available, and to monitor their response 
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to treatment. A simple, accurate and affordable test (or 
combination of tests) that can be used to diagnose and 
provide prognostic information (which can be used to 
guide decision for referral to the liver clinic) and to guide 
treatment decision and monitor response is much needed 
(see Figure 1).
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