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2 HEPATOLOGY

published articles in any language from the inception to the April 24, 2023.
We included original articles reporting data on the sensitivity and specificity
of the Agile 3+ score, according to previously described rule-out (< 0.451)
and rule-in (> 0.679) cutoffs. We included 6 observational studies (total of
6955 participants) with biopsy-proven NAFLD [mean age 53 (SE 4) years,
mean body mass index 30.9 (SE 2.3) kg/m?, 54.0% men, prevalence of
diabetes 59.6%)]. The pooled prevalence of advanced fibrosis (> F3) was
42.1%. By the rule-out cutoff, the overall sensitivity and specificity were 88%
(95% Cl: 81-93%; I> = 89.2%) and 65% (95% Cl: 54—75%; > = 97.6%),
respectively. By the rule-in cutoff, the overall sensitivity and specificity were
68% (95% Cl: 57-78%; FP=91.1%) and 87% (95% Cl: 80%—92%;
I>=96.7%), respectively. Meta-regression analyses reported that the diag-
nostic accuracy was partly mediated by age (p < 0.01), body mass index
(p < 0.01), and, although not statistically significant, sex (p = 0.06).

Conclusions: Our systematic review and meta-analysis suggests that Agile
3+ accurately diagnoses NAFLD with advanced fibrosis and can identify
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INTRODUCTION

NAFLD has become a relevant public health problem
globally associated with substantial health care costs,
economic losses, and reduced health-related quality of
life.l'' NAFLD includes a spectrum of progressive
pathological conditions, ranging from simple steatosis
to steatohepatitis (NASH), fibrosis, and cirrhosis.l?
Histologically, NAFL is characterized by hepatic fat
accumulation, NASH by inflammation, and liver cell
damage, with and without fibrosis, whereas advanced
fibrosis refers to fibrosis stages F3-F4, namely bridging
fibrosis or cirrhosis./?! In the last decades, it has become
clear that NAFLD is a systemic disease, not only
associated with specific liver complications but also with
an increased risk of extra-hepatic ones, including
cardiovascular disease.®5 Indeed, NASH and
advanced fibrosis are the main determinants of long-
term adverse hepatic and extra-hepatic outcomes.F!
Hence, staging liver disease becomes of crucial
importance. A few months back, the American Associ-
ation for the Study of Liver Diseases (AASLD) and the
European Association for the Study of the Liver (EASL)
came to a consensus to rename NAFLD as metabolic
(dysfunction) associated steatotic liver disease
(MASLD), which is characterized by the presence of
hepatic fat and at least 1 metabolic comorbidity.[!
However, the choice to rename NAFLD as MASLD
has sparked debate regarding its potential implications
for raising awareness of the disease, advancing drug
development, promoting noninvasive testing, and
uncovering biomarkers!7l,

patients eligible for biopsy and emerging pharmacotherapies.

To date, noninvasively diagnosing NASH (renamed
as metabolic dysfunction—associated steatohepatitis—
MASH) and fibrosis is challenging due to the lack of
specific symptoms and the limitations of diagnostic
tools.l®l At present, liver biopsy remains the primary
method for definitively diagnosing NASH/MASH, yet it is
an invasive procedure with inherent risks and
limitations.®! For this reason, noninvasive techniques
have been developed to diagnose NASH/MASH and
fibrosis. Among the current noninvasive scoring sys-
tems, the Agile 3+ Score seems highly promising.®! The
Agile 3+ Score is based on the combination of aspartate
aminotransferase/alanine aminotransferase ratio, plate-
let count, presence of type 2 diabetes mellitus (T2DM),
sex, age, and liver stiffness measurement (LSM) values
by transient elastography (FibroScan, Echosens,
France).l'" Preliminary studies reported that it has good
accuracy for the diagnosis of advanced fibrosis and the
prediction of both liver-related events!'"'2 and non-
liver—related complications!'®! in patients with NAFLD. In
addition, the Agile 3+ score offers several advantages
over liver biopsy. Firstly, it is easy to use and affordable,
making it suitable for future primary care settings.!'%
Additionally, it could be useful for tracking the progres-
sion of liver disease and assessing the effectiveness of
treatment in patients with NAFLD.

Despite these advantages, its accuracy and useful-
ness have yet to be comprehensively evaluated. Hence,
this systematic review and meta-analysis aimed to
assess the diagnostic accuracy of the Agile 3+ score in
identifying patients with NAFLD and advanced fibrosis
by using liver biopsy as a reference.
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DIAGNOSTIC ACCURACY OF AGILE 3+ SCORE FOR ADVANCED FIBROSIS

METHODS
Registration of review protocol

The protocol of the systematic review was registered in
advance on the OSF database (associated project:
https://osf.io/yt34ql'9).

Search strategy and selection criteria

We systematically searched MEDLINE through
PubMed, Ovid Embase, Scopus, Cochrane Library,
and Web of Science electronic databases from the
inception to April 24, 2023. The electronic search of the
literature was performed using the following keywords:
“‘Agile” OR “Agile 3+” AND “non-alcoholic fatty liver
disease” OR “non-alcoholic steatohepatitis” OR
“‘NAFLD” OR “NASH” OR “liver fibrosis.” We did not
search for the term “MASLD” because it is a recent
nomenclature that prevented the publication of relevant
studies. Searches were restricted to human studies. We
also searched the reference lists of the included
studies. No restrictions in terms of sex, race, or ethnicity
were adopted. Two authors (Andrea Dalbeni and
Federico Ravaioli) did the initial selection processes
based on titles and abstracts. Subsequently, they
independently performed a detailed full-text assess-
ment of potentially relevant studies. Any disagreement
was resolved by discussion with a third author
(Alessandro Mantovani). For inclusion in the meta-
analysis, we selected studies if they met the following
pre-specified criteria:

i) cohort studies including adult (age >18 y) individ-
uals with suspected NAFLD undergoing liver
biopsy (ie, the gold standard);

i) studies where the target condition was advanced
fibrosis (F3) or cirrhosis (F4);

iii) studies in which the index test was the Agile 3+;

iv) studies reporting precise information for calculat-
ing the sensitivity and specificity of the Agile 3+ for
identifying patients with fibrosis.

The exclusion criteria of the meta-analysis were as
follows:

i) case reports or nonoriginal work (reviews,
commentaries, editorials, and practice guidelines);

i) studies with insufficient data to evaluate the
diagnostic accuracy of the Agile 3+;

iii) studies performed in the pediatric population
(age <18 y);

iv) non-English-language articles.

We performed a systematic review and meta-
analysis using the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses guidelines
(http://www.prisma-statement.org).[1¢]

Data extraction and quality assessment

Two authors independently extracted data from studies
eligible for the aggregate data meta-analysis. The
following items were extracted from each study: study
design, study country, publication year, main partici-
pants’ characteristics, number of patients with any
fibrosis stages, as well as the number of true positives,
number of true negatives, number of false positives,
number of false negative, and area under the receiving
operating characteristic curves (AUROC) and 95% CI of
the Agile 3+ score for the noninvasive identification of
patients with NAFLD with advanced fibrosis (ie, > F3)
or cirrhosis. The published rule-out (< 0.45) and rule-in
(> 0.68) cutoffs were considered. In the case of multiple
publications, we included the most up-to-date or
comprehensive information. When necessary, we con-
tacted the authors to obtain further information. The
study by Sanyal et all' included data from 4 subgroups
separately. For the study by Yilmaz et all'”l and Pennisi
et al,l"8] we obtained data for patients who underwent
liver biopsy from the corresponding authors. We
evaluated the presence of potential bias in the patient
selection, blinding to the histological diagnosis, descrip-
tion of the reference standard, and inclusion of all
patients in the analysis. Two authors (Andrea Dalbeni
and Federico Ravaioli) independently assessed the
methodological quality of the included studies using the
QUADAS-2 (Quality Assessment of Diagnostic Accu-
racy Studies tool. Any disagreement was resolved
through discussion with a third author (Alessandro
Mantovani).

Data synthesis and analysis

The primary measure of the meta-analysis was the
diagnostic accuracy of the Agile 3+ score in identifying
patients with advanced fibrosis, compared to liver
biopsy, which was taken as the gold standard.

Statistical analysis

Using 2 x 2 tables, we calculated summary estimates of
sensitivity and specificity, positive and negative likeli-
hood ratios (LR) using a random effect bivariate model,
and then we fit a summary hierarchical ROC curve. The
Cochran Q chi-square test and the F? statistics have
been used to assess the heterogeneity across the
eligible studies. P is calculated from heterogeneity
statistics and the degrees of freedom. Notably, an
advantage of 2 is that it does not inherently depend on
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the number of included studies. The presence of high
between-study heterogeneity relative to total heteroge-
neity was defined when the Q test result was significant
(p < 0.05) and P statistics > 50%. We explored the high
heterogeneity across the eligible studies by performing
meta-regression analyses. We presented the informa-
tion using the mean and SE in descriptive analysis. All
statistical analyses were performed with STATA version
17.0 (StataCorp), using ‘metandi’ and ‘midas’ com-
mands, and with R version 4.2.2 (2022-10-31).

RESULTS

The electronic search initially identified 53 records. After
removing duplicates, 48 articles were screened. Of
these, 36 articles were further excluded. Consequently,
12 full-text articles were assessed for eligibility. After
excluding 6 publications for various reasons (Supple-
mental Table 1, http:/links.lww.com/HEP/1121), 6
observational studies met the full criteria for inclusion
in the meta-analysis. Figure 1 reports the Preferred
Reporting ltems for Systematic Reviews and Meta-
Analyses flow diagram for the search and selection
processes of the meta-analysis.

L Identification of studies via databases and registers ]
Records removed before
g screening:
'E Records identified from*:53 auflf)ate records removed
E ga‘i?"f 568 (n_=053) - Records marked as ineligible
H egisters (n = 0) by automation tools (n = 1)
= Records removed for other
reasons (n = 0)
__
= .
Records screened » | Records excluded*
(n =48) (n=36)
Reports sought for retrieval o | Reports not retrieved
> n=1) (n=1)
=
@
: !
o
»n
Reports assessed for eligibility .
(n=12) »
Reports excluded:
(see supplementary Table 1)
-
v
3
S Studies included
S (n=6)
=
FIGURE 1 The PRISMA flow diagram for the search and selec-

tion processes of the meta-analysis. *Consider, if feasible to do so,
reporting the number of records identified from each database or
register searched (rather than the total number across all databases/
registers). **If automation tools were used, indicate how many records
were excluded by a human and how many were excluded by
automation tools.

Diagnostic performance of Agile 3+ score

Table 1 reports the main characteristics of the included
studies. The 6 observational studies involved 6955
participants with biopsy-proven NAFLD. The study
population has a mean age of 53 (SE 4.0 y), a mean
BMI of 30.9 (SE 2.3 Kg/m?), a percentage of men of
54.0%, and a prevalence of patients with T2DM of
59.6%. The pooled prevalence of advanced fibrosis (>
F3) was 42.1%. Two studies were conducted in Asia
(Japan and China), 2 in Europe (ltaly and Turkey), and
2 were International (North America, Eastern and
Western Europe and Asia). Three were multicenter
studies, and 3 were performed at a single center. All
studies included cohorts of patients with biopsy-proven
NAFLD from tertiary care liver centers.

Figure 2 reports the study’s classification of
diagnostic accuracy for each study included, including
the paired forest plots of both sensitivity and specificity
with the corresponding 95% Cls (Figure 2A) and the
pooled summary AUROC (Figure 2B) using the rule-out
cutoff (< 0.45). The overall sensitivity and specificity
were 88% (95% Cl: 81%—-93%; P=89.2%) and 65%
(95% Cl 54-75%; P> =97.68%), respectively. In addi-
tion, the positive LR was 2.50 (95% CI: 1.93-3.23), the
negative LR was 0.19 (95% CI: 0.13-0.27), and the
diagnostic OR was 13.5 (95%CIl: 9.39-19.3). As
reported in Figure 2B, the study’s pooled summary
AUROC was 0.85 (95% CI 0.82—0.88).

Figure 3 shows the study’s classification of
diagnostic accuracy for each study included, the
paired forest plots of both sensitivity and specificity
with the corresponding 95% Cls (Figure 3A) and the
pooled summary AUROC (Figure 3B) using the rule-in
cutoff (> 0.68). The overall sensitivity and specificity
were 68% (95% Cl: 57%—78%; P=91.1%) and 87%
(95% ClI: 80%—92%; [#=96.9%), respectively In
addition, the positve LR was 5.16 (95% CI:
3.73-7.15), the negative LR was 0.37 (95% CI:
0.28-0.49), and the diagnostic OR was 14.1 (95% CI:
10.2-19.5). As reported in Figure 3B, the study’s pooled
summary AUROC was 0.86 (95% CI: 0.82—-0.89).

Univariate meta-regression analyses

Table 2 reports the univariate meta-regression analyses
about the diagnostic accuracy of the Agile 3+ score in
identifying patients with NAFLD with advanced fibrosis (F
> 3) by using liver biopsy as a reference, using age, BMI,
percentage of men, and percentage of patients with T2DM
as covariates. Regarding the rule-out cutoff (0.454), we
found that the diagnostic accuracy of the Agile 3+ score
was partly mediated by age [sensitivity 0.88 (95%CI:
0.80-0.93), specificity 0.67 (95%CI 0.58-0.74); p < 0.01],
BMI values [sensitivity: 0.85 (95%CI 0.80-0.88), specific-
ity: 0.71 (95%CI 0.65-0.76); p <0.01] and, although not
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FIGURE 2 Classification of diagnostic accuracy of the rule-out cutoff for Agile 3+ score. (A) Paired sensitivity and specificity forest plots with
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the corresponding 95% Cis. (B) Pooled summary AUROC.[20]

statistically significant, sex [sensitivity: 0.88 (95%Cl
0.83-0.92), specificity 0.64 (95%CI 0.55-0.71); p=0.06].
Conversely, regarding the rule-in cutoff (> 0.68), age, BMI
values, sex, and T2DM status did not significantly mediate
the diagnostic accuracy of the Agile 3+ score. The results
of the univariate meta-regression analyses also indicated
a relative decrease in residual heterogeneity.

Study quality assessment by the QUADAS-
2 tool

The methodological quality of the eligible studies was
assessed by the QUADAS-2 tool (Supplemental
Table 2, http://links.lww.com/HEP/1121 and Supplemen-
tal Figure 1, http://links.lww.com/HEP/1121). In most
studies, the patient selection and the index test domains

of the QUADAS-2 tool were judged as unclear or high in
terms of risk of bias, as the authors did not state
explicitly if consecutive or random sampling was used
for their studies or if the Agile 3+ score was assessed
blinded to liver biopsy data. Finally, the flow and timing
domain of the QUADAS-2 tool was judged to have a low
risk of bias in most studies as the authors reported the
time interval between liver biopsy and transient elastog-
raphy assessments. Overall, we judged the most
eligible studies with low concerns regarding
applicability.

DISCUSSION

Our systematic review and meta-analysis showed a
good performance of the Agile 3+ score in
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FIGURE 3 Classification of diagnostic accuracy of the rule-in cut-off for Agile 3+ score. (A) Paired sensitivity and specificity forest plots with

the corresponding 95% Cis. (B) Pooled summary AUROC.[20]

noninvasively identifying patients with NAFLD and
advanced fibrosis (> F3) using liver biopsy as a
reference. In particular, the present systematic review
and meta-analysis included 6 studies with aggregate
information from nearly 7000 middle-aged subjects with
biopsy-proven NAFLD from different countries world-
wide. Regarding the accuracy of the Agile 3+ score, we
found an overall sensitivity of 88% (95% CI: 81%—93%)
and a specificity of 87% (95% CIl: 80%—92%) for the
rule-out and rule-in cutoffs, respectively. In addition, the
Agile 3+ score also performed well, with an AUROC of
0.85 for the lower cutoff to rule out advanced fibrosis
and 0.86 for the upper cutoff to rule in the disease.
Interestingly, Agile 3+ seems to perform equally and, in
some studies, better in detecting advanced fibrosis

compared to other noninvasive scores, such as FIB-4
and NAFLD fibrosis score, as well as to LSM alone.21-23I
However, based on the methods used in this meta-
analysis, we were unable to make a systematic compar-
ison between the various methods. Interestingly, another
combined score, namely the FibroScan aspartate ami-
notransferase score (which comprises in its formula
LSM, aspartate aminotransferase, and Controlled Atten-
uation Parameter), has been demonstrated to have
satisfactory performance for the noninvasive identifica-
tion of fibrosis (sensitivity 89%, specificity 89%).24
However, it is important to underline that the FibroScan
aspartate aminotransferase score detects the
presence of fibrotc NASH/MASH (NASH + NAFLD
activity score > 4 + F > 2).24
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TABLE 2

Univariate meta-regression analyses regarding the diagnostic accuracy of the Agile 3+ score in identifying patients with NAFLD with

advanced fibrosis or cirrhosis (F > 3) compared to liver biopsy, using age, BMI, percentage of men and percentage of patients with T2DM as

covariates

Sensitivity (95% Cl)

Agile 3-rule-out (< 0.45)

Age (y)

BMI (kg/m?)

Percentage of men (%)

Percentage of patients with T2DM (%)
Agile 3—rule-in (> 0.68)

Age (y)

BMI (kg/m?)

Percentage of men (%)

0.88 (0.80-0.93)
0.85 (0.80-0.88)
0.88 (0.83-0.92)
0.88 (0.82-0.93)

0.68 (0.58-0.78)
0.68 (0.56-0.78)
0.69 (0.57—0.78)

Percentage of T2DM patients (%) 0.69 (0.57-0.79)

Specificity (95% Cl) LRT-chi? p P
0.67 (0.58-0.74) 11.1 <0.01 82
0.71 (0.65-0.76) 123 <0.01 84
0.64 (0.55-0.71) 547 0.06 63
0.65 (0.54-0.75) 247 0.29 19
0.87 (0.80-0.92) 2.33 0.31 14
0.87 (0.81-0.92) 1.40 0.50 0
0.87 (0.80-0.92) 0.50 0.78 0
0.87 (0.80-0.92) 3.28 0.19 39

Abbreviations: T2DM, type 2 diabetes mellitus; LRT, likelihood-ratio test.

It is noteworthy to stress that the patients included in
our systematic review and meta-analysis had a rela-
tively high prevalence of hepatic fibrosis (around 42%).
Such prevalence is substantially higher than that
observed in adults of the general population.l?s! This
concern is because all the studies in our meta-analysis
referred to tertiary hepatology centers, resulting in a
selection bias. In addition, our systematic review and
meta-analysis observed a high burden of metabolic
alterations, namely T2DM and obesity, known to be
associated with more advanced liver disease.l26-281 |n
this regard, we have also shown that BMI values may
partially mediate the diagnostic accuracy of the Agile 3+
for the rule-out cutoff. Indeed, obesity mildly lowered the
test’'s sensitivity from 88% to 84%. Conversely, the
impact of age or sex was quite modest, given that the
sensitivity for the rule-out cutoff remained equal to 88%.

Our systematic review and meta-analysis have some
important limitations that should be mentioned. First, the
retrospective design of the included studies only allows
testing the accuracy of the Agile 3+ score in the
detection of advanced fibrosis as compared to liver
biopsy, without the possibility of driving a prognostic
meaning of this score on long-term adverse outcomes.
However, our systematic review and meta-analysis
aimed to determine the performance of this new score
in a diagnostic setting rather than as a predictive tool,
for which further studies are still needed. Second,
including retrospective cohort studies may favor bias in
the selection of patients, possibly influencing the
outcomes of interest. Third, we noticed a very high
heterogeneity across the eligible studies. However, it is
important to underline that the high heterogeneity
between observational studies might be expected in
meta-analyses assessing the diagnostic accuracy of a
test. Interestingly, in the meta-regression analyses, we
explored the possible sources of this heterogeneity,
showing that the relative heterogeneity might be
affected, at least in part, by age, sex, presence of

obesity, or T2DM. However, it is important to note that
age and sex are included in the Agile 3+ formula.
Hence, the results of univariate meta-regressions
should be interpreted with some caution. Based on
the data provided by the papers included, we cannot
conclusively determine whether ethnicity plays a role in
the heterogeneity of our meta-analysis. However, it
remains a plausible factor that cannot be completely
dismissed. Fourth, we could not perform an analysis to
assess the performance of the Agile4+ score in
identifying patients with cirrhosis due to a lack of
sufficient data to perform a meta-analysis. Fifth, the
studies included referring only to tertiary centers.
Hence, using the Agile 3+ scores to combine serologic
markers with LSM might be applied in settings where
FibroScan is available. Last, we did not perform an
individual patient data meta-analysis that would likely
provide more robust conclusions than this aggregate
data meta-analysis.

Despite the limits mentioned above, to the best of our
knowledge, this is the first meta-analysis reporting
the diagnostic performance of the Agile 3+ score in the
noninvasive identification of advanced fibrosis in patients
with biopsy-proven NAFLD, though the inclusion of all the
data available in the literature to date. In addition, the
most eligible studies have a low risk of bias as well as low
concerns regarding applicability. That said, one of the
major strengths of our work is that all the included studies
reported results about the sensitivity and specificity of the
Agile 3+ score compared to liver biopsy, which currently
remains the gold standard for diagnosing and staging
liver fibrosis. Secondly, including studies from a multi-
national setting allows the external generalization of our
results not only to the White but also to the Asian
populations. Finally, our results speculate on a possible
diagnostic superiority of the Agile 3+ compared to other
NITs or FibroScan when considered alone.

In conclusion, the Agile 3+ score has been demon-
strated to perform satisfactorily in the noninvasive
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diagnosis of advanced fibrosis (F > 3) in patients with
NAFLD. With the recent International consensus to
rename NAFLD as MASLD, the terms are now
interchangeable, and our findings can be applied to
the MASLD context. Therefore, our results open to a
new scenario in the use of noninvasive markers of
fibrosis in patients with MASLD and suggest that
combining serological assessment and instrumental
one, namely LSM, may help increase the likelihood of
properly diagnosing patients with advanced fibrosis.
One benefit of this approach is identifying patients who
would benefit the most from preventive strategies
focused on managing comorbidities and weight
loss.[18:29.30 This can help prevent the progression of
MASLD to advanced liver disease. Additionally, accu-
rately excluding patients without advanced fibrosis is
crucial as it allows a better allocation of health and
economic resources in tertiary care centers. Further-
more, these tools can aid in identifying eligible patients
for pharmacologic trials to treat patients with MASH with
fibrosis, thus sparing them from unnecessary biopsies.
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