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We aimed to assess the diagnostic accuracy of AGILE 3D, a recently developed score based on
the combination of aspartate aminotransferase/alanine aminotransferase ratio, platelet count,
diabetes status, sex, age, and liver stiffness measurement (LSM) by transient elastography, when
compared with Fibrosis-4 (FIB-4) and LSM, for the diagnosis of advanced fibrosis and for the
prediction of liver-related events (LREs) occurrence in patients with NAFLD.
METHODS:
 A total of 614 consecutive patients with biopsy-proven NAFLD or clinical diagnosis of NAFLD-
related compensated cirrhosis were enrolled. LREs were recorded during follow-up. FIB-4,
LSM by transient elastography (FibroScan device), and AGILE 3D were measured. The diag-
nostic performance of noninvasive criteria for advanced fibrosis and for the prediction of LREs
was assessed using the area under the receiver operating characteristic curve (AUROC) and
decision curve analysis.
RESULTS:
 In patients with biopsy-proven NAFLD (n [ 520), LSM and AGILE 3D had higher AUROC than
FIB-4 (0.88 for LSM and AGILE 3D vs 0.78 for FIB-4; P < .001) for advanced fibrosis, and AGILE
3D exhibited a smaller indeterminate area in the test (25.2% for FIB-4 vs 13.1% for LSM vs
hip.
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8.3% for AGILE 3D). Within the entire cohort of patients, AGILE 3D had significantly higher
AUROC for predicting LREs with respect to LSM (AUROC 36 months 0.95 vs 0.93; P [.008; 60
months 0.95 vs 0.92; P [ .006; 96 months 0.97 vs 0.95; P [ .001). Decision curve analysis
showed that all scores had modest net benefit for ruling-out advanced fibrosis at the risk
threshold of 5% to 10% where advanced fibrosis was absent. At the risk threshold of 5% of
false negatives or false positives in LRE at 36, 60, 96, and 120 months, AGILE 3D outperformed
both FIB-4 and LSM for ruling out LRE.
CONCLUSIONS:
 Depending on resource availability, clinical setting, and the risk scenarios, AGILE 3D is an
accurate and valid alternative to FIB-4 and LSM for the noninvasive assessment of disease
severity and prognosis in patients with NAFLD.
Keywords: AGILE 3þ; DCA; Fibrosis; NAFLD; NASH.
Nonalcoholic fatty liver disease (NAFLD), affecting
roughly 25% of the general adult population1 and

paralleling the pandemic of obesity and diabetes, is the
leading cause of chronic liver disease2 and its complica-
tions like liver decompensation (LD)3 and hepatocellular
carcinoma (HCC),4 as well as being an increasing indication
for liver transplantation.5 NAFLD also increases the risk of
extrahepatic events such as cardiovascular events6 and
extrahepatic cancers.7 In this emerging scenario, natural
history studies and meta-analyses have thoroughly demon-
strated that the severity of liver fibrosis is the main deter-
minant of prognosis in patients with NAFLD, due to the
fact that a higher degree of liver fibrosis is indicative of
a greater risk of developing liver-related (LREs) and extra-
hepatic events.8,9 Despite the relevant clinical burden of
NAFLD, only a minority of patients develop a progressive
disease leading to a higher risk of complications. Conse-
quently, the noninvasive identification of patients with
advanced fibrosis and the prediction of development of
LREs are both highly useful but unfulfilled demands in
the research agenda for NAFLD.

Easy-to-obtain and widely available noninvasive
scores like Fibrosis-4 (FIB-4) and liver stiffness mea-
surement (LSM) by transient elastography (TE) have
acceptable accuracy10-13 for excluding advanced fibrosis,
and their use alone, and in combination with each other,
is suggested by clinical guidelines in patients with
NAFLD or at high risk of NAFLD-related liver damage
due to obesity and/or diabetes and/or metabolic syn-
drome.14,15 Available longitudinal cohort studies also
suggest the utility of these scores/tools to stratify the
risk of developing LRE.16-19 A recently developed and
proposed score, namely AGILE 3þ, based on the simul-
taneous combination of aspartate aminotransferase
(AST)/alanine aminotransferase (ALT) ratio, platelet
count, diabetes status, sex, age, and LSM, has shown a
slight improvement in diagnostic ability in comparison
with LSM and FIB-4 for the diagnosis of advanced
fibrosis in NAFLD.20

We aimed to assess the diagnostic accuracy of AGILE
3þ in comparison with FIB-4 and LSM in the diagnosis of
advanced fibrosis and for the prediction of LRE event
occurrence in patients with NAFLD.
Methods

Patients

We retrospectively analyzed data from 614 patients
prospectively recruited at the Gastrointestinal and Liver
Unit of the Palermo University Hospital and with histo-
logical diagnosis of NAFLD or clinical diagnosis of Child
Pugh A5 cirrhosis related to NAFLD and without previ-
ous history of LD, portal thrombosis, esophageal varices
band ligation, and HCC. Specifically, in patients without
histology, cirrhosis was diagnosed by LSM >11.5 kPa for
M probe21 or >11 kPa for XL probe,22 and the diagnosis
of NAFLD required the presence of ultrasonography-
assessed steatosis plus at least one criterion of the
metabolic syndrome (obesity, diabetes, arterial hyper-
tension, dyslipidemia).

Only patients with a follow-up of at least 6 months
were included. Other causes of liver disease were ruled
out, including alcohol intake (>30 g/day in men, >20 g/
day in women) as evaluated by a questionnaire, viral
causes (hepatitis B surface antigen, anti–hepatitis C virus,
and anti–human immunodeficiency virus negativity),
autoimmune hepatitis, primary biliary cholangitis, pri-
mary sclerosing cholangitis, hereditary hemochromato-
sis, and alpha-1 antitrypsin deficiency. Patients who took
part in randomized controlled trials with new nonalco-
holic steatohepatitis drugs during the follow-up were
also excluded.

The study was carried out in accordance with the
principles of the Helsinki Declaration and in accordance
with local and national laws. Approval was obtained by
the Ethical Committee of the University Hospital “Paolo
Giaccone” in Palermo.

Clinical, Laboratory Assessment, and Histology

Clinical and anthropometric data, including body
mass index and type 2 diabetes, were collected at the
time of enrollment. A diagnosis of type 2 diabetes was
made according to standards set by the American Dia-
betes Association,23 using a value of fasting blood
glucose �126 mg/dL and/or use of medication.



What You Need to Know

Background
Noninvasive scores/tools like Fibrosis-4 (FIB-4) and liver
stiffness measurement (LSM) have acceptable accuracy
for ruling out advanced fibrosis and seem to sufficiently
predict the occurrence of liver-related events (LREs). A
recently developed score, namely AGILE 3þ, which is
based on the simultaneous combination of aspartate
aminotransferase/alanine aminotransferase ratio, platelet
count, diabetes status, sex, age, and LSM, has been
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The same day as the liver biopsy, a 12-hour overnight
fasting blood sample was drawn to determine serum
levels of AST, ALT, platelets (PLT), albumin, total and
high-density lipoprotein cholesterol, and triglycerides.

A liver-dedicated expert pathologist, who was un-
aware of patients’ identity and history, coded and read
histological slides. A minimum 15-mm length of the bi-
opsy specimen or the presence of at least 10 complete
portal tracts was required. Steatosis was assessed as the
percentage of hepatocytes containing fat droplets (min-
imum 5%), and as a categorical variable. Kleiner classi-
fication24 was used to stage fibrosis from 0 to 4.
developed and proposed for the diagnosis of advanced
fibrosis in nonalcoholic fatty liver disease (NAFLD).

Findings
In patients with NAFLD, AGILE 3þ could be preferred to
LSM and FIB-4 because it reduces the proportion of pa-
tients where ruling out or ruling in of advanced fibrosis is
not possible (gray area), and because it has demonstrated
the highest accuracy for predicting LREs and the highest
net benefit for ruling out LRE occurrence.

Implications for Patient Care
Depending on clinical setting (general practitioners,
diabetes care centers, hepatology referral centers),
resource status, and availability of transient elas-
tography for LSM, AGILE 3þ can be a valid alterna-
tive to both FIB-4 and LSM for assessing NAFLD
severity and risk of liver-related complications.
Noninvasive Fibrosis Algorithms/Tools

The Fibrosis-4 (FIB-4) (age, AST, ALT, PLT) was
calculated using the original reported formula, and pa-
tients were classified as low risk of advanced fibrosis if
<1.30, intermediate risk if 1.30 to 2.67, and high risk if
>2.67.25

Transient elastography (TE) was performed with
FibroScan (Echosens, Paris, France), using the M and the
XL probes when appropriate. In each center, LSM was
assessed on the same day as the liver biopsy, before the
procedure and after an overnight fast, by a trained
operator who had previously performed at least 300
determinations in patients with chronic liver disease. As
recently reported in literature,26 we classified all LSM
examinations into 3 reliability categories: “very reliable”
(interquartile range [IQR]/median (M) �0.10), “reliable”
(0.10< IQR/M �0.30, or IQR/M >0.30 with LSM M <7.1
kPa), and “poorly reliable” (IQR/M >0.30 with LSM M
�7.1 kPa). Only patients with 10 valid measurements
were included, and “poorly reliable” results were
excluded from the analysis. LSM was assessed after
overnight fasting. LSM <7.9 kPa was defined as indi-
cating a low risk of F3 to F4 fibrosis; LSM 7.9 to 9.6 kPa
as an intermediate risk; and LSM � 9.6 kPa as a high
risk.21

The AGILE 3þ score (age, sex, AST, ALT, PLT, diabetes
status, and LSM) was calculated using the original re-
ported formula, and patients were classified as low risk
of advanced fibrosis if <0.45, intermediate risk if 0.45 to
0.68, and high risk if >0.68.20
Liver-related Events

LREs were recorded during the entire follow-up, and
they were defined as development of LD (occurrence of
ascites and/or bleeding varices and/or encephalopathy
and/or jaundice) or of HCC.

Ultrasound examination for HCC surveillance was
carried out annually in patients with F0 to F2 fibrosis,
and every 6 months in patients with F3 fibrosis or
cirrhosis, in accordance with international guidelines.27

In patients with cirrhosis, upper gastrointestinal
endoscopy was performed at baseline and repeated as
recommended by clinical guidelines. Patients with pro-
gression to medium or large (F2 or F3) esophageal
varices were treated with b-blockers or underwent
elastic banding, whereas no prophylaxis was scheduled
for patients with small (F1) varices.

Patients found to be developing hepatic events during
follow-up were evaluated for available therapies and/or
for liver transplantation, as appropriate.27,28

Statistics

Data for continuous variables was expressed as mean
and standard deviation or median and IQRs, and data for
categorical variables were expressed as frequency and
percentage. Differences between continuous data were
assessed by the Student t test or by the Mann Whitney U
test. Differences between categorical variables were
assessed by the c2 test.

The accuracy of each score for detection of advanced
fibrosis (F3–F4) was assessed in the subgroup of pa-
tients with histological diagnosis of NAFLD using
receiver operating characteristic (ROC) curves described
as the area under the ROC (AUROC) with 95% confidence
intervals (95% CIs). Cutoff points of LSM, NAFLD fibrosis
score, and FIB-4 for the advanced fibrosis model were
derived from literature. Specifically, for LSM, cutoffs of
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<7.9 kPa and of �9.6 kPa were used to rule-out and
rule-in, respectively, severe fibrosis21; for FIB-4, cutoffs
of <1.30 and of >2.67 were used to rule-out and rule-in,
respectively, severe fibrosis25; for AGILE 3þ, cutoffs of
<0.45 and of >0.68 were used to rule-out and rule-in,
respectively, severe fibrosis.20 Accordingly, false-
negative and false-positive rates of the single test, and
of their combination, as well as sensitivity, specificity,
positive predictive value (PPV), and negative predictive
value (NPV) were calculated. The accuracy of the same
scores and of the same cutoffs for detection of occur-
rence of LREs was assessed in the entire cohort of pa-
tients with biopsy-proven NAFLD or with clinical
diagnosis of compensated NAFLD cirrhosis using time-
dependent ROC curves described as AUROC with 95%
CIs. Kaplan-Meier curves were also used to depict the
time-dependent risk of developing LREs according to
noninvasive score cutoffs.

As AUROC focuses only on the predictive accuracy of
a model, not taking into account the cases where a false-
negative result is more harmful than a false-positive
result, we also performed a decision curve analysis
(DCA) for identifying the threshold probabilities where
use of noninvasive criteria translate into maximum net
benefit of detecting advanced fibrosis or LREs.29,30

DCA-evaluated prediction models in comparison with
default strategies of performing liver biopsy in all pa-
tients, or none, or performing clinical-instrumental
follow-up for detecting LREs in all patients, or none,
allowing for an assessment of overall yield of prediction
rules. DCA estimates a “net benefit” for each prediction
rule, defined as

net benefit ¼ sensitivity � prevalence �
ð1� specificityÞ � ð1� prevalenceÞ � w

where w is the odds of correct diagnosis (ie, advanced
fibrosis or LRE in this case) across different threshold
probabilities. In this setting, net benefit represents a
composite of the benefit gained by performing liver bi-
opsy for proven advanced fibrosis or follow-up with
clinical instruments for LRE in patients classified as high-
risk according to noninvasive scores (true positive) and
risk/ discomfort incurred due to liver biopsy or follow-
up with clinical instruments in those without advanced
fibrosis or those who will not develop LRE but who were
classified as high-risk according to noninvasive scores
(false positive). Threshold probability represents a
theoretical risk-level where the expected benefit of
treatment is equal to the expected benefit of avoiding
treatment (eg, benefit of liver biopsy or of follow-up with
clinical instruments equals risk of not performing them).
Thus, net benefit is assessed across a range of threshold
probabilities to identify the best diagnostic strategy for
different risk scenarios.

All data was analyzed using R studio. DCA was
implemented in R using code derived from Zhang et al.31
In addition to the base packages in R, tidy verse, survival,
survminer, boot, reshape2, and readxl packages were
used.

Results

Patient Features and Outcomes

Baseline characteristics of the 614 patients with
NAFLD stratified for advanced fibrosis are shown in
Supplementary Table 1. As expected, when comparing
patients with advanced fibrosis with those without, the
former tended to be older and had categorically higher
mean body mass index, higher prevalence of diabetes,
lower PLT and serum albumin values, and higher mean
values of FIB-4, LSM, and AGILE 3þ (P < .01 for all
comparisons).

The diagnosis of NAFLD was supported by histology
in 520 cases (84.7%), whereas 94 patients (15.3%) had
clinical diagnosis of compensated NAFLD cirrhosis. Spe-
cifically, 80 of the advanced fibrosis/cirrhosis patients
had a liver stiffness measurement >15 kPa,32 and 14
were between 11 kPa and 15 kPa (11 of these cases also
had esophageal varices, and the other 3 had signs of
portal hypertension: splenomegaly and portal vein
ectasia). Supplementary Table 2 shows the characteris-
tics of patients with cirrhosis by clinical criteria
compared with patients with biopsy-proven NAFLD.

Diagnostic Accuracy of Noninvasive Scores/
Tools for Advanced Fibrosis

The assessment of the accuracy of noninvasive
scores/tools for the diagnosis of advanced fibrosis was
done in the 520 patients with histological diagnosis of
NAFLD.

Table 1 reports the distribution of patients according
to low, intermediate, and high-risk cutoffs of advanced
fibrosis for each score/tool. Proportions of patients
classified as having low, intermediate, and high risk of
advanced fibrosis were 67.9%, 25.2%, and 6.9%,
respectively, using FIB-4; 6.9%, 52.9%, and 13.1%,
respectively, using LSM; and 74.4%, 8.3%, and 17.3%,
respectively, using AGILE 3þ.

Figure 1 and Table 1 show the AUROCs of the scores
for the diagnosis of advanced fibrosis. Specifically, all the
scores had a good accuracy in terms of AUROC (FIB-4,
0.78; LSM, 0.88; AGILE 3þ, 0.88), and both LSM and
AGILE 3þ performed better than FIB-4 (P < .001 for
both comparisons). AGILE 3þ had the highest sensitivity
(91%), FIB-4 the highest specificity (98%), and LSM the
highest PPV (90%) and the highest NPV (93%) (Table 1).

Net benefit of FIB-4, LSM, and AGILE 3þ scores for
ruling out advanced fibrosis at 5%, 10%, and 25%
threshold probabilities of missing advanced fibrosis is
displayed in the upper panel of Table 2. At the risk
threshold of 5% of missing advanced fibrosis, all scores/



Table 1. Accuracy of FIB-4, LSM, and AGILE-3 for the Diagnosis of Advanced Liver Fibrosis in Patients With NAFLD From the
Training Cohort

Proportion of
cases AUROC Sensitivity Specificity PPV NPV

FIB-4 <1.30 67.9 0.78 0.81 (0.77–0.85) 0.65 (0.57–0.73) 0.58 (0.50–0.66) 0.85 (0.81–0.89)
FIB-4 1.30–2.67 25.2
FIB-4 >2.67 6.9 0.20 (0.14–0.27) 0.98 (0.97–0.99) 0.83 (0.67–0.94) 0.75 (0.71–0.79)

LSM <8 52.9 0.88 0.87 (0.80–0.92) 0.69 (0.64–0.73) 0.53 (0.46–0.59) 0.93 (0.89–0.96)
LSM 8–9.6 13.1
LSM >9.6 34.0 0.78 (0.70–0.84) 0.84 (0.79–0.87) 0.90 (0.87–0.93) 0.66 (0.58–0.73)

AGILE 3þ <0.48 74.4 0.88 0.91 (0.87–0.93) 0.66 (0.58–0.73) 0.74 (0.65–0.81) 0.87 (0.83–0.90)
AGILE 3þ 0.48–0.65 8.3
AGILE 3þ >0.65 17.3 0.51 (0.43–0.59) 0.96 (0.94–0.98) 0.84 (0.75–0.91) 0.83 (0.79–0.86)

AUROC, Area under the receiver operating curve; FIB-4, Fibrosis-4; LSM, liver stiffness measurement; NAFLD, nonalcoholic fatty liver disease; NPV, negative
predictive value; PPV, positive predictive value.
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tools showed no benefit for ruling out advanced fibrosis
compared with the strategy of performing liver biopsy in
all patients. At the risk thresholds of 10% and 25%, the
observed net benefit was modest, and LSM outperformed
both FIB-4 and AGILE 3þ. Overall, net benefit for ruling
out advanced fibrosis was higher for LSM compared with
both FIB-4 and AGILE 3þ at threshold probabilities be-
tween 5% and 25%, as reported in Figure 2, showing the
number of liver biopsies avoided per 100 patients
through a range of different threshold probabilities of
missing advanced fibrosis. Results obtained for ruling in
advanced fibrosis are shown in Supplementary Figure 1
and the upper panel of Supplementary Table 3.

When also considering the strategy suggested in the
EASL guideline of using FIB-4 as a first test, pertaining to
Figure 1. ROC curves for pre-
diction of F3 to F4 fibrosis us-
ing FIB-4, LSM, and AGILE 3þ.
LSM-only patients at intermediate or high risk of
advanced fibrosis by FIB-4, we showed that net benefit
for ruling out advanced fibrosis was higher for both LSM
and AGILE 3þ compared with the sequential FIB-4 to
LSM strategy at threshold probabilities between 5% and
25% (Supplementary Figure 2).
Diagnostic Accuracy of Noninvasive Scores/
Tools for Predicting the Occurrence of Liver-
related Events

The assessment of the accuracy of noninvasive
scores/tools for predicting the occurrence of LREs was
applied to the entire cohort of 614 patients with



Table 2. Net Benefit by DCA for Ruling Out Advanced Liver Fibrosis and Development of LREs

Outcome: advanced
fibrosis

Number of liver biopsy avoided per 100 patients (net benefit)

FIB-4 LSM AGILE 3þ

Threshold probabilities
of missing advanced
fibrosis

5% 0 0 0
10% 0 14 0
25% 28 37 35

Outcome:
LREs

Number of follow-up visits avoided per 100 patients (net benefit)

Time, mos FIB-4 LSM AGILE-3

Threshold probabilities
of missing LREs

5% 36
60
96

120

58 45 63
58 45 63
55 45 63
52 45 63

20% 36
60
96
120

76 76 76
66 67 67
57 57 63
57 54 63

DCA, Decision curve analysis; FIB-4, Fibrosis-4; LSM, liver stiffness measurement; LRE, liver-related event.
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histological diagnosis of NAFLD or with clinical diagnosis
of compensated NAFLD-related cirrhosis.

During a median follow-up of 63.9 months, 57 pa-
tients developed LRE (44 LD and 13 HCC). Only 0.6%,
0%, and 0% of patients at low risk of advanced fibrosis
by FIB-4, LSM, and AGILE 3þ respectively, developed
LRE, compared with 5.7%, 1.4%, and 2.2% of those at
intermediate risk, and to 46%, 21.1%, and 30.9% of
those at high risk. Kaplan-Meier curves depicting the
time-dependent probability of not developing LREs
across the different risk classes of each score are re-
ported in Supplementary Figure 3. The 36-, 60-, 96-, and
120-month AUROC of the scores were good (>0.90 for
all) and are reported in Figure 3. Specifically, comparison
of AUROCs showed a significantly better performance of
AGILE 3þ when compared with LSM at 36 (AUC, 0.95 vs
0.93; P ¼ .008), 60 (AUC, 0.95 vs 0.92; P ¼ .006), and 96
months (AUC, 0.97 vs 0.95; P ¼ .001).

Net benefit of FIB-4, LSM, and AGILE 3þ scores for
ruling out occurrence of LRE at 5% and 20% threshold
probabilities of missing LRE is displayed in the bottom
panel of Table 2. At the risk threshold of 5% of missing
occurrence of LRE at 36, 60, 96, and 120 months, AGILE
3þ outperformed both FIB-4 and LSM; at the risk
thresholds of 20% of missing occurrence of LRE, all
scores had similar net benefit at 36 and 60 months,
whereas AGILE 3þ again outperformed both FIB-4 and
LSM at 96 and 120 months. Overall, AGILE 3þ exhibited
Figure 2. Net benefits by DCAs
of FIB-4, LSM, and AGILE 3þ
for ruling out advanced liver
fibrosis.



Figure 3. ROC curves for prediction of LREs using FIB-4, LSM, and AGILE 3þ.
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a higher net benefit for ruling out occurrence of LRE
compared with both FIB-4 and LSM at a threshold
probability between 5% and 20%, as displayed in
Figure 4, A, reporting the number of no development of
LREs per 100 patients through a range from 0% to 30%
of threshold probabilities of missing occurrence of LREs.
Results obtained for ruling in occurrence of LREs are
shown in Figure 4, B and in the bottom panel of
Supplementary Table 3.

Furthermore, when considering the EASL-driven
sequential strategy of using FIB-4 as a first method of
testing and then LSM in patients at intermediate or high
risk of advanced fibrosis by FIB-4, we observed that at
5% and 20% threshold probabilities of missing occur-
rence of LRE at 36 and 60 months, the sequential strat-
egy had a slightly higher net benefit than AGILE 3þ,
while a similar net benefit was found at 96 and 120
months (Supplementary Figure 4).

In a subgroup analysis performed on the 520 patients
with histological diagnosis of NAFLD, we observed
similar results in terms of both AUROCs and DCA
(Supplementary Figure 5, A–B). Moreover, when
comparing results in this sub-set FIB-4, LSM, and AGILE
3þ to fibrosis stage by histology, noninvasive scores
were not inferior (Supplementary Figure 5).
Discussion

In this study carried out on a large cohort of patients
with histological diagnosis of NAFLD or with clinical
diagnosis of compensated NAFLD cirrhosis, we provided
evidence that AGILE 3þ can be a useful alternative to
FIB-4 and LSM because: (1) it leads to a lower proportion
of patients in the uncertainty area, and (2) is character-
ized by higher accuracy compared with FIB-4 for the
diagnosis of advanced fibrosis and compared with LSM
for predicting occurrence of LREs. Furthermore, DCA
showed that the net benefit for the ruling out of
advanced fibrosis was modest for all tools, whereas the
net benefit for ruling out the occurrence of LRE clearly
showed that AGILE 3þ was the best tool.

FIB-4 and LSM are the most readily available, used,
and validated noninvasive scores/tools that, used alone
or in combination according to clinical context and
availability, can help in identifying patients with NAFLD
with advanced fibrosis (ie, at risk of hepatic and extra-
hepatic complications)10-13 and/or at risk of developing
LRE.14-19 In this emerging clinical setting, a new score
named AGILE 3þ, and based on the simultaneous com-
bination of clinical-biochemical variables with LSM, has
been proposed for the noninvasive assessment of
advanced liver fibrosis.20

In the present study, we found that AGILE 3þ,
together with LSM, had the highest accuracy for the
noninvasive diagnosis of advanced fibrosis, and, at the
price of a NPV slightly lower than that of LSM, had the
lowest proportion of patients in the uncertainty area of
the test. This is a clinically relevant issue that ought to
guide the management of NAFLD for each specific pa-
tient. Overall, we also confirmed the good accuracy of
FIB-4 and LSM for the noninvasive diagnosis of advanced
fibrosis as reported in recent meta-analyses.10,11 In our
DCA, noninvasive scores/tools showed similar modest
net benefit for ruling out advanced fibrosis at threshold
probabilities of 5% and 10% of missing advanced
fibrosis, confirming the need for liver biopsy for a correct
identification of patients with advanced fibrosis, espe-
cially if the patient is worthy of inclusion in clinical trials.

Another relevant and currently debated topic in the
research agenda of NAFLD is the noninvasive prediction
of developing LRE. We first investigated the accuracy of
AGILE 3þ for stratifying the risk of LRE occurrence in
NAFLD, reporting that AGILE 3þ performed better when
compared with FIB-4 and was significantly more accu-
rate when compared with LSM. We also confirmed the
diagnostic ability of both FIB-4 and LSM in stratifying the
risk of LRE occurrence, our data being aligned with that
reported in recent multicenter cohort studies showing a
similarly good performance of these scores for predicting



Figure 4. Net benefit of FIB-4, LSM, and AGILE 3þ by DCAs for ruling out (A) or ruling in (B) occurrence of LRE.
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liver complications.16-19 In our DCA, especially in the
early (36-month) period of follow-up, AGILE 3þ showed
the highest net benefit for ruling out LRE occurrence
across a threshold probability of missing occurrence of
LREs ranging from 5% to 20%. Notably, these results
were also confirmed after excluding patients with clinical
diagnosis of NAFLD-compensated cirrhosis from the an-
alyses, where we also demonstrated that noninvasive
scores were not inferior to fibrosis staging by histology
for the purpose of predicting LRE occurrence.

From a clinical point of view, depending on: (1) the
clinical setting (general practitioners, diabetes care cen-
ters, hepatology referral centers); (2) the resource sta-
tus; and (3) the availability of TE for LSM, our study
suggests that AGILE 3þ can be a valid alternative to both
FIB-4 and LSM for assessing NAFLD severity and risk of
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liver-related complications. Recent European guidelines
for noninvasive tests for the assessment of chronic liver
disease14,15 suggest using FIB-4 as the first test in non-
specialized centers where patients are at low (general
practitioners) or medium (diabetes care centers) risk of
NAFLD-related advanced fibrosis, specifying LSM only
for those patients who are at intermediate or high risk of
advanced fibrosis as assessed by the FIB-4. In our study,
however, we showed that LSM and AGILE 3þ alone
outperformed the sequential strategy for diagnosing
advanced fibrosis, whereas in the early period of follow-
up, the FIB-4 to LSM strategy had a similar and slightly
higher net benefit for ruling out LRE occurrence
compared with AGILE 3þ. The same guidelines also
recommend to directly use LSM as first test in hep-
atological referral centers, suggesting the use, if avail-
able, of patented tests to confirm the presence of
advanced fibrosis.15 In this scenario, AGILE 3þ could
be preferred to LSM because of the following: (1) it
reduces the proportion of patients where ruling out or
ruling in advanced fibrosis is not possible (gray area),
and (2) it demonstrates the highest accuracy for pre-
dicting LRE and the highest net benefit for ruling out
LRE occurrence.

There are a number of limitations to the present
study. The main limitation of the present study lies in its
potentially limited validity of the results in different
populations and settings. It is plausible that the obtained
results could not be replicated in populations differing in
age, biochemical profile, metabolic comorbidities, and
severity of liver disease. Specifically, our analyses were
done in a setting in which there was a high prevalence of
advanced fibrosis (29%), whereas in populations at
lower prevalence (such as the general population [about
1%–2% of advanced fibrosis] and diabetic patients
[about 10% of advanced fibrosis]), it is expected that the
PPV and the NPV of the tested noninvasive tools for
advanced fibrosis will be lower and higher, respectively,
compared with the population in our study. Moreover,
the use of LSM for diagnosing cirrhosis may have resul-
ted in an overestimation of severity of baseline liver
disease. However, we are also confident that potential
bias related to the correct definition of liver disease
severity in the included patients with clinical diagnosis of
NAFLD cirrhosis does not affect the interpretation of the
results, because in our analyses, patients were stratified
according to noninvasive scores/tools. Lack of an
external validation cohort and potentially hidden alcohol
abuse in some patients could further limit the interpre-
tation of our results. On the other hand, the primary
strength of our study is the use of the innovative DCA
methodology.

Conclusion

In conclusion, we demonstrated that, according to
resource availability, clinical setting, and the risk sce-
narios, AGILE 3þ is an accurate and valid alternative to
FIB-4 and LSM for the noninvasive assessment of disease
severity and prognosis in patients with NAFLD.
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Supplementary Figure 1.
Net benefits by DCAs of
FIB-4, LSM, and AGILE 3þ
for ruling in advanced liver
fibrosis.

Supplementary Figure 2.
Net benefits by DCAs of
FIB-4, LSM, AGILE 3þ and
the sequential FIB-4 to
LSM strategy for ruling out
advanced liver fibrosis.
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Supplementary Figure 3. Kaplan-Meier curves depicting the probabilities of being free of LREs according to risk classes of
FIB-4 (A), LSM (B), and AGILE 3þ (C).

Supplementary Figure 4. Net benefit of FIB-4, LSM, AGILE 3þ and the sequential FIB-4 to LSM strategy by DCAs for ruling
out occurrence of LRE.
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Supplementary Figure 5. A, ROC curves for prediction of LRes; and B, net benefit of histological fibrosis stage, FIB-4, LSM,
and AGILE 3þ in the sub-group of patients with biopsy-proven NAFLD.
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Supplemental Table 2. Baseline Demographic, Metabolic and Laboratory Features of Patients With NAFLD From the Training
Cohort Stratified According to Histological Diagnosis of NAFLD or Clinical Diagnosis of Compensated
NAFLD Cirrhosis

Clinical NAFLD compensated cirrhosis (n ¼ 94) Histological NAFLD (n ¼ 520) P value

Age, y 64.8 � 8.1 48.0 � 13.4 < .001

Male gender 60% 65% .353

Diabetes 79% 30% < .001

BMI, kg/m2 32.4 (29.5 – 35.8) 29.4 (26.5 – 33.1) < .001

Albumin, g/dL 4 (3.7 – 4.5) 4.5 (4.3 – 4.8) < .001

PLT, 103 mmc 116.5 (84 – 149.5) 233 (192.8 - 274) < .001

AST, U/L 36 (27.2 – 46.7) 37 (28 - 51) .192

ALT, U/L 35 (24.2 - 45) 62 (42 – 89.2) < .001

Total cholesterol, mg/dL 165.5 (143 – 182.8) 194 (168 - 226) < .001

Triglycerides, mg/dL 115 (84 – 152.8) 126.5 (88 – 172.2) .102

FIB-4 3.46 (2.47 – 5.15) 0.97 (0.65 – 1.47) < .001

LSM 26.0 (17.6 – 39.3) 7.8 (5.7 – 11.1) < .001

AGILE 3þ 0.97 (0.93 – 0.99) 0.11 (0.03 – 0.46) < .001

Follow-up, mos 41.7 � 30.6 74.6 � 44.4 .321

Note: Data are presented as mean � standard deviations, median and interquartile range, or percentage of cases.
Note: P-values of the differences were adjusted by using the Benjamini-Hochberg correction for multiple tests.
ALT, Alanine aminotrasferase; AST, aspartate aminotrasferase; BMI, body mass index; NAFLD, nonalcoholic fatty liver disease; PLT, platelets.

Supplemental Table 1. Baseline Demographic, Metabolic and Laboratory Features of Patients With NAFLD From the Training
Cohort Stratified According to Advanced Fibrosis

F0‒F2 (n ¼ 371) F3‒F4 (n ¼ 243)a P value

Age, y 44.73 � 12.82 59.68 � 10.92 < .001

Male gender 69% 57% .002

Diabetes 21% 63% < .001

BMI, kg/m2 28.63 (26.14–32.05) 31.83 (28.69–35.10) < .001

Albumin, g/dL 4.60 (4.40–4.81) 4.30 (4.00–4.50) < .001

PLT, 103 mmc 240 (205 - 278) 166 (117–236.5) < .001

AST, U/L 36 (27 - 47) 40 (29–53) .007

ALT, U/L 65 (43 - 93) 47 (33–68.50) < .001

Total cholesterol, mg/dL 202 (175.50–231.50) 171 (147–194) < .001

Triglycerides, mg/dL 125 (86.50–172.50) 126 (92.5–165.5) .922

FIB-4 0.86 (0.59–1.19) 2.18 (1.31–3.69) < .001

LSM 6.40 (5.20–8.70) 18.80 (11.60–29.15) < .001

AGILE 3þ 0.06 (0.03–0.17) 0.89 (0.56–0.97) < .001

Follow-up, mos 78.75 � 44.23 55.72 � 40.64 .525

Note: Data are presented as mean � standard deviations, median and interquartile range, or percentage of cases.
Note: P-values of the differences were adjusted by using the Benjamini-Hochberg correction for multiple tests.
ALT, Alanine aminotrasferase; AST, aspartate aminotrasferase; BMI, body mass index; NAFLD, nonalcoholic fatty liver disease; PLT, platelets.
aThis group includes patients with clinical diagnosis of compensated NAFLD cirrhosis
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Supplementary Table 3. Net Benefit by DCA for Ruling In Advanced Liver Fibrosis and Development of LREs

Outcome: advanced
fibrosis

Correctly diagnosed advanced fibrosis per 100 patients (net benefit)

FIB-4 LSM AGILE 3þ

Threshold probabilities
of missing advanced
fibrosis

5% 25 25 25
10% 21 21 21
25% 5 18 14

Outcome:
LREs

Correctly identified LREs per 100 patients (net benefit)

Time, mos FIB-4 LSM AGILE 3þ

Threshold probabilities
of missing LREs

5% 36
60
96
120

3 2 3
5 5 5
7 7 7
7 7 8

20% 36
60
96
120

0 0 0
3 0 1
5 0 3
5 0 4

DCA, Decision curve analysis; FIB-4, Fibrosis-4; LSM, liver stiffness measurement; LRE, liver-related event.
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