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Methods and Results: This was an individual patient data meta-analysis of 1780

patients with biopsy-proven NAFLD and T2D. The index tests of interest were FIB-
4, NAFLD Fibrosis Score (NFS), aspartate aminotransferase-to-platelet ratio
index, liver stiffness measurement (LSM) by vibration-controlled transient elas-
tography, and AGILE 3+. The target conditions were advanced fibrosis, NASH,
and fibrotic NASH(NASH plus F2-F4 fibrosis). The diagnostic performance of
noninvasive tests. individually or in sequential combination, was assessed by area
under the receiver operating characteristic curve and by decision curve analysis.
Comparison with 2278 NAFLD patients without T2D was also made. In NAFLD
with T2D LSM and AGILE 3+ outperformed, both NFS and FIB-4 for advanced
fibrosis (area under the receiver operating characteristic curve:LSM 0.82, AGILE 3
+ 0.82, NFS 0.72, FIB-4 0.75, aspartate aminotransferase-to-platelet ratio index
0.68; p < 0.001 of LSM-based versus simple serum tests), with an uncertainty area
of 12%—20%. The combination of serum-based with LSM-based tests for
advanced fibrosis led to a reduction of 40%—60% in necessary LSM tests. Deci-
sion curve analysis showed that all scores had a modest net benefit for ruling out
advanced fibrosis at the risk threshold of 5%—10% of missing advanced fibrosis.
LSM and AGILE 3+ outperformed both NFS and FIB-4 for fibrotic NASH (area
under the receiver operating characteristic curve:LSM 0.79, AGILE 3+ 0.77, NFS
0.71, FIB4 0.71; p < 0.001 of LSM-based versus simple serum tests). All non-
invasive scores were suboptimal for diagnosing NASH.

Conclusions: LSM and AGILE 3+ individually or in low availability settings in
sequential combination after FIB-4 or NFS have a similar good diagnostic

Abbreviations: ALT, alanine transaminase; APRI, aspartate aminotransferase-to-platelet ratio index; AUROC, area under ROC curve; BMI, body mass index; DCA,
decision curve analysis; IPDMA, individual patient data meta-analysis; LSM, liver stiffness measurement; NFS, NAFLD Fibrosis Score; NPV, negative predictive value;
PPV, positive predictive value; T2D, type 2 diabetes.
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accuracy for advanced fibrosis and an acceptable diagnostic accuracy for fibrotic
NASH in NAFLD patients with T2D.

INTRODUCTION

NAFLD, affecting roughly 25% of the general adult
population,'! is a leading cause of chronic liver
disease.? NAFLD complications®4 and the severity of
liver fibrosis are the main drivers of prognosis in NAFLD,
with more severe liver fibrosis incurring a higher risk of
developing liver-related events (HCC and liver decom-
pensation) and extrahepatic events (mostly cardiovascular
events and extrahepatic cancer).5!

NAFLD and type 2 diabetes (T2D) have a complex
bidirectional interplay: NAFLD increases the risk of T2D
development,[l and T2D is a risk factor for NAFLD
occurrence, severity, and progression toward liver
cirrhosis and its complications.®! Consequently, the
estimated prevalence of NAFLD in people with T2D is
about 55%, and—most relevant—NASH and advanced
fibrosis can be observed in about 37% and 17%,
respectively, of patients with T2D.[

The high prevalence of NAFLD and NAFLD-related
liver damage in patients with T2D led clinical guidelines
to encourage screening for advanced fibrosis in patients
with metabolic dysfunctions, including those with
T2D.['0" For this purpose, noninvasive scores, like
FIB-4 and NAFLD Fibrosis Score (NFS), and liver
stiffnress measurement (LSM) by vibration-controlled
transient elastography (VCTE) have been largely vali-
dated as accurate tools to exclude advanced fibrosis in
NAFLD,['213] and their rational use is recommended by
international guidelines.') However, preliminary evi-
dence suggests a poor accuracy of these scores/tools
in patients with T2D,12.14.15] finally leading to high referral
rates for expert evaluation.['® Moreover, the AGILE 3
+score, based on the simultaneous combination of
aspartate aminotransferase (AST)/alanine transaminase
(ALT) ratio, platelet count, T2D status, sex, age, and
LSM by VCTE, has been recently developed and
proposed for the diagnosis of advanced fibrosis in
NAFLD,!"7.18] but data on its performance in the diabetic
population are lacking. On the other side, the identifica-
tion of NAFLD patients with NASH, and—most relevant
—with fibrotic NASH, especially in high-risk groups
like patients with T2D, is an important need for inclusion
in phase 2b and phase 3 clinical trials assessing
pharmacological treatment of NASH patients.[19:20]

Our aim was thus to explore the diagnostic
accuracy of simple serum-based noninvasive scores
and LSM by VCTE for the diagnosis of advanced
fibrosis, NASH, and fibrotic NASH in a large cohort of
patients with histological diagnosis of NAFLD and
T2D. A comparison with NAFLD patients without T2D
was also made.

METHODS
Patients

For the present study, we used the subgroup of 1780
patients with histological diagnosis of NAFLD and T2D
from a previously published individual patient data meta-
analysis of 37 studies, which aimed to assess the
accuracy of LSM by VCTE and noninvasive scores for
ruling out advanced fibrosis in biopsy-confirmed NAFLD
patients.l'2 All authors who had provided data for the
original individual patient data meta-analysis (IPDMA)
were contacted with details of the present study, and their
data were only included with their agreement. In the
present analysis, we considered all but 5 studies included
in the IPDMAR1-23] pecause the authors of those 5 studies
have not responded to the email that was asking for their
consent for participating in this subanalysis. Search details,
inclusion criteria, and quality assessment of the studies
were reported in the original study;['? literature search for
eligible studies for this IPDMA stopped at April 2020.

Briefly, studies reporting data on adults (18 y or
above) with NAFLD after the exclusion of other causes
of liver diseases and paired liver histology and LSM by
VCTE were eligible. All studies were considered if the
interval of time between liver biopsy, LSM, and non-
invasive scores was within 6 months. The diagnosis of
T2D was made according to the American Diabetes
Association,?®! using a value of fasting blood glucose
> 126 mg/dL or based on the use of antidiabetic
therapy. In patients with a previous diagnosis of T2D,
current medications were documented. Finally, only
studies reporting histological classification of liver
fibrosis based on the NASH Clinical Research Network
staging system?”] were considered.

Patients and the public were not involved in the
conduct of this study as there was no direct patient
participation in the study. All research was con-
ducted in accordance with both the Declarations of
Helsinki and Istanbul and was approved by each
appropriate ethics and/or institutional review committee(s).

Assessment of liver histology

Liver histology was based on local reporting from the
original studies based on the NASH Clinical Research
Network staging system.2 NASH was defined by the
presence of a NASH activity score > 3 with at least grade 1
in each component; fibrotic NASH was defined by the
presence of NASH plus fibrosis stage F2-F4; advanced
fibrosis was defined by the presence of fibrosis stage F3-F4.
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The FIB-4 (comprising age, AST, ALT, and platelets
[PLT]) score was calculated using the original reported
formula, and patients were classified as low risk of
advanced fibrosis if FIB-4 <1.30, intermediate risk if
FIB-4 was between 1.30 and 2.67, and high risk if FIB-
4 >2.67.[28

The NFS (comprising age, body mass index (BMI),
AST, ALT, albumin, PLT, and T2D status) score was
calculated using the original reported formula, and
patients were classified as low risk of advanced
fibrosis if NFS <-1.455, intermediate risk if NFS was
between -1.455 and 0.675, and high risk if NFS
>0.675.129

The AST-to-platelet ratio index (APRI) was also
computed.3% Vibration-controlled transient elastogra-
phy was performed with the FibroScan (Echosens,
Paris, France) medical device. For this meta-analysis, if
only 1 VCTE-based LSM was available, then this was
included in the main analysis irrespective of probe type
and BMI. Where 2 VCTE-based LSM were available
(1 with each probe), the main analysis included the M
probe measurement for BMI <30 kg/m? and the XL
probe measurement for BMI > 30 kg/m?. Therefore, all
LSM cutoffs were determined independent of probe
type. LSM < 7.9 kPa was defined as indicating a low risk
of F3-F4 fibrosis; LSM 7.9-9.6 kPa as an intermediate
risk; LSM >9.6 kPa as a high risk.13"]

The AGILE 3+ score (comprising age, sex, AST,
ALT, PLT, T2D status, and LSM) was calculated
using the original reported formula, and patients
were classified as low risk of advanced fibrosis if
AGILE 3+ <0.45, intermediate risk if AGILE 3+ was
between 0.45 and 0.67, and high risk if AGILE 3+
>0.68.[17.18]

Statistics

Data for continuous variables were expressed as mean,
and SD or median and interquartile range, and data for
categorical variables were expressed as frequency and
percentage. Differences between continuous data were
assessed by the Student f test or by the Mann-Whitney
U test. Differences between categorical variables were
assessed by the y? test.

The accuracy of each score for the detection of
advanced fibrosis (F3-F4), NASH, and fibrotic NASH
(NASH plus F2-F4 fibrosis) was assessed using the
area under the receiver operating characteristic curves
described as area under the receiver operating
characteristic curve (AUROC). AUROCs were com-
pared using De Long test statistic. Cutoff points of
LSM, NFS, FIB-4, and AGILE 3 + for the advanced
fibrosis model were derived from the literature.

Specific cutoffs with sensitivity >90% for ruling out
or specificity >90% for ruling in all outcomes were
calculated, and for this purpose, the cohort was split in
into a training (cohorts with >100 enrolled patients)
and a validation (cohorts with <100 enrolled patients).
Accordingly, false-negative and false-positive rates of
the single test, as well as sensitivity, specificity,
positive predictive value (PPV), and negative predic-
tive value (NPV), were calculated.

Finally, we also evaluated the accuracy of sequential
combination strategies based on FIB-4 or NFS as a first
test, and LSM or AGILE 3+ as a second test in those
with FIB-4 or NFS values higher than the rule out
cutoffs.

The main analysis was conducted to maximize data for
each noninvasive test (NIT). For a valid comparison of the
performance of NITs, a separate analysis was conducted
in the subgroup of patients with a complete data set.

Subgroup analysis was performed according to age
(<35, 35-65, >65 y), BMI (<30 kg/m?, >30 kg/m?),
and aminotransferase levels (normal vs. abnormal
ALT). For this last subgroup analysis, the upper limit
of normal for ALT is 19 IU/L for women and 30 IU/L for
men.2 We also evaluated the overall accuracy of LSM
in the subgroup of patients with BMI <30 kg/m?
measured with the M probe and with BMI >30 kg/m?
measured with XL probe.

As AUROC focuses only on the predictive accuracy
of a model, not considering cases where a false-
negative result is more harmful than a false-positive
result, we also performed a decision curve analysis
(DCA) for identifying threshold probabilities at which
the use of noninvasive criteria will translate into
the maximum net benefit of detecting advanced
fibrosis.[33.34]

DCA evaluated prediction models in comparison with
default strategies of performing liver biopsy in all
patients or none allowing an assessment of the overall
yield of prediction rules. DCA estimates a “net benefit”
for each prediction rule, defined as where w is the odds
of true diagnosis (ie, advanced fibrosis in this case)
across different threshold probabilities. In this setting,
net benefit represents a composite of the benefit gained
by performing liver biopsy for truely advanced fibrosis in
patients classified as high risk according to noninvasive
scores (true positive) and risk/discomfort incurred due
to liver biopsy in those without advanced fibrosis but
who were classified as high risk according to non-
invasive scores (false positive). Threshold probability
represents a theoretical risk level where the expected
benefit of treatment is equal to the expected risk of
avoiding treatment (eg, the benefit of liver biopsy equals
the risk of not performing it). Thus, the net benefit is
assessed across a range of threshold probabilities to
identify the best diagnostic strategy for different risk-
scenarios.
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All data were analyzed using R Studio. DCA was
implemented in R using code derived from Zhang et al.[35.36]
In additon to the base packages in R, tidy verse,
survival, survminer, boot, reshape2, and readxl packages
were used.

RESULTS
Features of patients with NAFLD and T2D

Baseline characteristics of the 1780 patients with
NAFLD and T2D stratified for advanced fibrosis, NASH,
and fibrotic NASH are shown in Supplemental Table S1
http://links.lww.com/HEP/E554.

LSM was determined in 1692 (95%), FIB-4 in 1681
(94%), NFS in 1001 (56%), and AGILE 3+ in 1603
(90%.) patients. Overall, 46.2% of patients had
advanced fibrosis, 77.4% of patients had NASH, and
55.8% of patients had fibrotic NASH.

Supplemental Tables S2 and S3 (http:/links.lww.
com/HEP/E554) report baseline characteristics of the
748 patients with a complete data set.

Diagnostic accuracy of noninvasive
scores/tools for advanced fibrosis in
patients with NAFLD and T2D

LSM, FIB-4, NFS, APRI, and AGILE 3+ had AUROCs of
0.82, 0.75, 0.72, 0.68, and 0.82 for advanced fibrosis
(Table 1, Figure 1A). FIB-4 had a similar acceptable
diagnostic accuracy as NFS (p = 0.30) and worked
significantly better than APRI (p < 0.001). LSM and
AGILE 3+ had good performance and performed
similarly (p = 0.60) and significantly better than all
serum-based tests (p < 0.001 for all comparisons).
These results were confirmed when performing a

TABLE 1
NASH and fibrotic NASH

head-to-head comparison in the cohort with a
complete data set (Supplemental Figure S1A, http:/
links.lww.com/HEP/E555 and Supplemental Table S4,
http://links.lww.com/HEP/E554).

Considering the poor accuracy of APRI, further
analyses no longer consider this score.

Analyses considering cutoffs from the literature for
the diagnosis of advanced fibrosis are reported in
Table 2. Proportions of patients classified as having a
low, intermediate, and high risk of advanced fibrosis
were 46%, 40%, and 14% by using FIB-4; 27.6%,
55.8%, and 16.6% by using NFS; 35.8%, 12.9%, and
51.2% by using LSM; and 36.4%, 20.1%, and 43.5%, by
using AGILE 3+, respectively. Consequently, FIB-4 had
the highest proportion of patients at low risk of
advanced fibrosis, and LSM had the lowest proportion
of patients falling into the uncertainty area. NFS and
LSM had the highest sensitivity (88%), LSM the highest
NPV (84%), FIB-4 the highest specificity (93%), and the
highest PPV (75%) (Table 2). Similar results were
observed when comparing the scores in the cohort with
a complete data set (Supplemental Table S5, http:/
links.lww.com/HEP/E554).

We further evaluated the performance of LSM, FIB-4,
NFS, and AGILE 3+ to diagnose advanced fibrosis in
sequential combinations. When selecting threshold
combinations for FIB-4 (<1.3) and NFS (<-1.455)
available in the literature and pairing them with the best
threshold pair for LSM (< 7.9 and > 9.6 kPa) or AGILE 3+
(<0.45 and >0.68), the FIB-4—LSM strategy lead to the
highest proportion of patients identified as being at low risk
of advanced fibrosis, and the NFS—LSM strategy to the
lowest proportion of patients falling in the uncertainty area
(Table 3). Furthermore, NFS—LSM and NFS—AGILE 3+
strategies lead to the highest sensitivity (79% and 80%,
respectively) and NPV (84% and 82%, respectively),
whereas the FIB-4—-LSM and FIB-4-AGILE 3+
strategies lead to the highest specificity (86% and 84%,

Comparison in the entire population of NAFLD patients with T2D of AUCs of LSM and different scores for diagnosing F3-F4 fibrosis.

F3-F4 fibrosis NASH Fibrotic NASH
AUC p AUC p AUC p
APRI vs. NFS 0.68-0.72 0.163 0.70-0.66 0.844 0.70-0.71 0.879
APRI vs. FIB4 0.68-0.75 <0.001 0.70-0.65 0.054 0.70-0.71 0.879
APRI vs. LSM 0.68-0.82 <0.001 0.70-0.71 0.883 0.70-0.79 0.001
APRI vs. AGILE 3+ 0.68-0.82 <0.001 0.70-0.69 0.883 0.70-0.77 0.019
NFS vs. FIB4 0.72-0.75 0.304 0.66-0.65 0.883 0.71-0.71 0.879
NFS vs. LSM 0.72-0.82 <0.001 0.66-0.71 0.507 0.71-0.79 0.004
NFS vs. AGILE 3+ 0.72-0.82 <0.001 0.66-0.69 0.883 0.71-0.77 0.055
FIB4 vs. LSM 0.75-0.82 <0.001 0.65-0.71 0.317 0.71-0.79 0.004
FIB4 vs. AGILE 3+ 0.75-0.82 <0.001 0.65-0.69 0.883 0.71-0.77 0.058
LSM vs. AGILE 3+ 0.82-0.82 0.608 0.71-0.69 0.883 0.79-0.77 0.879

Abbreviations: APRI, AST-to-platelet ratio index; LSM, Liver stiffness measurement; NFS, NAFLD fibrosis score.
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respectively) and PPV (79% and 76%, respectively)
(Table 3). Similar results were observed when comparing
the scores in the cohort with a complete data set
(Supplemental Table S6, http:/links.lww.com/HEP/E554).

The net benefit of FIB-4, NFS, LSM, and AGILE 3+
scores for ruling out advanced fibrosis at 5%, 10%, and
15% threshold probabilities of missing advanced
fibrosis is shown in Figure 2. At the risk thresholds of
5% and 10% of missing advanced fibrosis, all scores/
tools showed no benefit for ruling out advanced fibrosis
compared with the strategy of performing a liver biopsy
in all patients, whereas at the risk threshold of 15%,
the observed net benefit was modest and LSM
outperformed AGILE 3+, NFS, and FIB-4. The results
obtained for ruling in advanced fibrosis are shown in
Supplemental Figure S2 (http://links.lww.com/HEP/
E555). When considering strategies based on the
combination of FIB-4 or NFS with LSM or AGILE 3+,
these showed no benefit for ruling out advanced fibrosis
at the risk thresholds of 5% and 10% of missing
advanced fibrosis (Supplemental Figure S3, http://links.
lww.com/HEP/E555).

Identification of best cutoffs for advanced
fibrosis in patients with NAFLD and T2D

Considering the unique opportunity to have a large
cohort of patients with histological diagnosis of NAFLD
and T2D, we split the population into a training and a
validation set to search for the best rule out and
rule in cutoffs for advanced fibrosis. Differences between
training and validation cohorts are reported in Supple-
mental Table S7 (http:/links.lww.com/HEP/E554).

These analyses are reported in Table 4. Notably, the
accuracy of the new proposed cutoffs was replicated in
the validation set where NPV and PPV of about 80%
were maintained at the cost of an uncertainty area of
about 35%—38% for LSM and AGILE 3+, and of about
45%-58% for NFS and FIB-4 (Table 4).

Net benefit of FIB-4, NFS, LSM, and AGILE 3+
scores by using these new cutoffs for ruling out
advanced fibrosis at 5%, 10%, and 15% threshold
probabilities of missing advanced fibrosis is showed in
Figure 3A.

Comparison of diagnostic accuracy of
noninvasive scores/tools for advanced
fibrosis between NAFLD patients with or
without T2D

The baseline characteristics of the 2278 NAFLD
patients with T2D arising from the same studies
considered in this IPDMA, respect to NAFLD patients
without T2D are shown in Supplemental Table S8
(http:/Nlinks.lww.com/HEP/E554).

Supplemental Table S9 (http:/links.lww.com/HEP/
E554) reports the comparison of AUROCSs of LSM, FIB-
4, NFS, and AGILE 3+ according to T2D status. All
noninvasive scores performed similarly in NAFLD
patients with T2D compared with those without for
predicting advanced fibrosis (Supplemental Table S9,
http://links.lww.com/HEP/E554).

When considering cutoffs from the literature for the
diagnosis of advanced fibrosis, in nondiabetic patients
with respect to population with NAFLD and T2D,
noninvasive scores had lower sensitivity—except for
FIB-4, which was similar—but higher specificity and
presented a lower uncertainty area—except for LSM
that was similar (Supplemental Table S10, http://links.
Iww.com/HEP/E554).

The diagnostic accuracy of LSM, FIB-4, NFS, and
AGILE 3+ in sequential combinations is reported in
Supplemental Table S11 (http://links.lww.com/HEP/
E554). With respect to NAFLD patients with T2D,
in nondiabetics the sequential combination of FIB-4
or NFS with LSM or AGILE 3+ generated a lower
uncertainty area and higher specificity but lower
sensitivity, especially for NFS-based algorithms
(Supplemental Table S11, http://links.lww.com/HEP/
E554).

The net benefit of FIB-4, NFS, LSM, and AGILE 3+
scores alone or in combination for ruling out advanced
fibrosis at 5%, 10%, and 15% threshold probabilities of
missing advanced fibrosis is shown in Supplemental
Figure S4  (http://links.lww.com/HEP/E555).  With
respect to the population of NAFLD with T2D, the net
benefit for ruling out advanced fibrosis at 5%,10%, and
15% risk threshold was higher for all noninvasive
scores.

The results of the search for best rule out and
rule in cutoffs for advanced fibrosis are reported in
Supplemental Table S12 (http://links.lww.com/HEP/
E554), Supplemental Figure S5 (http:/links.lww.com/
HEP/E555), and Supplemental Table S13 (http://links.
lww.com/HEP/E554). With respect to the diabetic
population, best rule in and rule out cutoffs for
nondiabetic patients generated a smaller uncertainty
area; FIB-4 best cutoffs were similar between diabetic
and nondiabetic patients, whereas rule in cutoff for
LSM was lower in nondiabetic compared with diabetic
patients.

Diagnostic accuracy of noninvasive
scores/tools for NASH and fibrotic NASH in
patients with NAFLD and T2D

LSM, FIB-4, NFS, APRI, and AGILE 3 + had corre-
sponding AUROCs of 0.71, 0.65, 0.66, 0.70, and 0.69
for identifying NASH (Table 1, Figure 1B), and of 0.79,
0.71, 0.71, 0.70, and 0.77 for fibrotic NASH (Table 1,
Figure 1C). Consistently, all noninvasive tools tested
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FIGURE 1
NAFLD patients with diabetes.

here poorly predicted the presence of NASH, whereas
LSM and AGILE 3+ have acceptable accuracy for
detecting fibrotic NASH, LSM being significantly better
than all the other simple serum-based tests (p < 0.01 for
all) and with a similar performance as AGILE 3 +
(p=0.87). These trends were confimed when
performing a head-to-head comparison of LSM, FIB-4,
NFS, and AGILE 3 + in the cohort with a complete data
set (Supplemental Table S4, http://links.lww.com/HEP/
E554).

The best rule out and rule in cutoffs for NASH as well
as their operating characteristics are reported in
Supplemental Table S14 (http:/links.lww.com/HEP/
E554). All scores/tools showed no benefit in ruling out
NASH (Figure 3B).

Table 4 shows the best rule out and rule in cutoffs for
fibrotic NASH and their operating characteristics in both

T T T
0.6 0.8 1.0

1 - Specificity

ROC curves for prediction of F3-F4 fibrosis (A), NASH (B), and fibrotic NASH (C) using APRI, NFS, FIB-4, LSM, and AGILE 3+ in

training and validation sets. LSM identified 1 patient in
three fourth as at high risk of fibrotic NASH at a
specificity and a PPV of 91% and 80%, respectively,
leading to an uncertainty area of 45.3%. At the risk
threshold of 5%, 10%, and 15% of missing fibrotic
NASH, all nonivasive scores had no benefit for ruling
out fibrotic NASH (Figure 3C).

Comparison of diagnostic accuracy of
noninvasive scores/tools for NASH and
fibrotic NASH between patients with
NAFLD with or without T2D

All noninvasive scores performed similarly poor for
diagnosing NASH in both diabetic and nondiabetic
cohorts. Otherwise, their accuracy for predicting fibrotic
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TABLE 2

NFS

<-1.455 (n=276; 27.6%)

>0.676 (n=166; 16.6%)
FIB4

<1.3 (n=773; 46%)

>2.67 (n=236; 14%)
LSM

<8 kPa (n=606; 35.8%)

>9.6 kPa (n=867; 51.2%)
AGILE 3+

<0.45 (n=583; 36.4%)

> 0.68 (n=698; 43.5%)

Diagnostic accuracy in terms of sensitivity, specificity, PPV, NPV, and 95% Cls of LSM and different scores for diagnosing
advanced fibrosis (F3-F4) by using literature suggested cutoffs in the entire population of NAFLD patients with T2D

STAGC
Sensitivity Specificity PPV NPV Uncertainty area (%)
0.88 (0.84-0.91) 0.38 (0.34-0.42) 0.50 (0.46-0.53) 0.82 (0.77-0.87) 55.8
0.27 (0.3-0.32) 0.91 (0.88-0.93) 0.67 (0.60-0.75) 0.65 (0.61-0.68) —
0.73 (0.69-0.76) 0.62 (0.59-0.65) 0.62 (0.59-0.66) 0.72 (0.69-0.75) 40
0.23 (0.20-0.26) 0.93 (0.92-0.95) 0.75 (0.69-0.80) 0.58 (0.56-0.61) —
0.88 (0.86-0.90) 0.56 (0.53-0.60) 0.64 (0.61-0.66) 0.84 (0.81-0.87) 12.9
0.77 (0.74-0.80) 0.71 (0.68-0.74) 0.70 (0.66-0.73) 0.78 (0.75-0.81) —
0.87 (0.84-0.89) 0.56 (0.53-0.60) 0.63 (0.60-0.66) 0.83 (0.80-0.86) 20.1

0.69 (0.65-0.72)

0.78 (0.76-0.81)

0.73 (0.70-0.77)

0.74 (0.71-0.77)

Abbreviations: NFS, NAFLD fibrosis score; LSM, liver stiffness measurement.

NASH was significantly better in nondiabetic compared
with diabetic patients (Supplemental Table S9, http:/
links.lww.com/HEP/E554).

With respect to the diabetic population, best rule in
and rule out cutoffs for fibrotic NASH in nondiabetic
patients generated a smaller uncertainty area for LSM;
FIB-4 best cutoffs were similar between diabetic and
nondiabetic patients, whereas rule in cutoff for LSM was
lower in nondiabetic compared with diabetic patients
(Supplemental Table S12 http:/links.lww.com/HEP/
E554 and Supplemental Figure S5).

TABLE 3

Subgroup analyses in patients with NAFLD
and T2D

Subgroup analyses for the diagnosis of advanced
fibrosis, NASH and fibrotic NASH are reported in
Table 5. When looking at the diagnosis of advanced
fibrosis, all scores/tools had a trend for better accuracy
in patients older than 35 years and performed
significantly better in nonobese patients; FIB-4 and
AGILE 3+ had significantly higher accuracy in patients
with normal ALT, whereas in the same subgroups, NFS

Diagnostic accuracy in terms of sensitivity, specificity, PPV, NPV, and 95% Cls of combination of FIB-4 or NFS with LSM or AGILE 3+ for

diagnosing advanced fibrosis (F3-F4) in the entire population of NAFLD patients with T2D by using literature suggested cutoffs

Se Sp
FIB4 — LSM

Rule out (n=974; 59.5%)

Rule in (n=566; 34.5%)
NFS - LSM

Rule out (n=481; 51.7%)

Rule in (n=374; 40.2%)
FIB4 — AGILE 3+

Rule out (n=874; 53.3%)

Rule in (n=601; 36.7%)
NFS — AGILE 3+

Rule out (n=434; 46.6%)

Rule in (n=357; 38.3%)

0.66 (0.62-0.69)
0.59 (0.56-0.63)

0.79 (0.75-0.83)
0.70 (0.65-0.75)

0.68 (0.65-0.72)
0.61 (0.57-0.64)

0.80 (0.75-0.84)
0.67 (0.62-0.71)

0.81 (0.78-0.84)
0.86 (0.84-0.89)

0.72 (0.69-0.76)
0.80 (0.76-0.83)

0.72 (0.69-0.75)
0.84 (0.81-0.86)

0.64 (0.60-0.68)
0.81 (0.77-0.84)

PPV NPV Uncertainty area (%)
0.75 (0.71-0.78) 0.74 (0.71-0.76) 16
0.79 (0.75-0.82) 0.71 (0.68-0.74) —
0.66 (0.61-0.70) 0.84 (0.80-0.87) 8.2
0.70 (0.65-0.75) 0.80 (0.76-0.83) —
0.67 (0.64-0.71) 0.73 (0.70-0.76) 10
0.76 (0.72-0.79) 0.71 (0.69-0.74) —
0.60 (0.56-0.64) 0.82 (0.79-0.86) 15.1

0.70 (0.65-0.75)

0.78 (0.75-0.82)

Note: Used cutoffs: FIB-4 rule out <1.30, rule in >2.67; NFS rule out <-1.455, rule in >0.675; LSM rule out <7.9 kPa, rule in > 9.6 kPa; AGILE 3+ rule out <0.45, rule
in >0.68. Bold characters indicate the best value for each category.
Abbreviations: NFS, NAFLD fibrosis score; LSM, Liver stiffness measurement.
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FIGURE 2
with diabetes.

and LSM had a nonsignificant trend for better
performance (Table 5). Finally, looking at the
diagnosis of fibrotic NASH, the only significant
difference was for a higher accuracy of LSM in
patients with normal ALT.

Finally, when looking at patients where LSM was
performed by using the M probe in nonobese and the XL
probe in obese patients, the overall accuracy for
advanced fibrosis, NASH, and fibrotic NASH was 0.86,
0.72, and 0.81 for LSM, and 0.85, 0.71, and 0.80 for
AGILE 3+; these results were similar to those obtained in
the entire cohort. In this subgroup, we confirmed
a higher accuracy of LSM in nonobese patients
compared with obese patients (AUROCs 0.865 vs. 0.802,
p = 0.04).

DISCUSSION

In this study on a large cohort of patients with
histological diagnosis of NAFLD and T2D, we provided
evidence that LSM and AGILE 3+ have a good
diagnostic accuracy for advanced fibrosis and an
acceptable diagnostic accuracy for fibrotic NASH,
whereas AGILE 3+ did not provide any additional
relevant diagnostic insights over and above LSM
alone. Overall, both LSM and AGILE 3+ outperformed
FIB-4 and NFS, which showed an acceptable perform-
ance. The sequential combination of serum-based
tests with LSM-based tests for advanced fibrosis
allowed to limit the number of LSM-based tests—
mostly with FIB-4. Furthermore, DCA showed that the
net benefit for the ruling out advanced fibrosis and
fibrotic NASH was modest for all tools. In comparison
to NAFLD patients without T2D, the overall accuracy
of NITs for advanced fibrosis was similar even if with a
lower net benefit mainly related to lower specificity and

Net benefits by decision curve analyses of NFS, FIB-4, LSM, and AGILE 3+ for ruling out advanced liver fibrosis in NAFLD patients

higher uncertainty area, whereas the accuracy for
fibrotic NASH was lower.

In this large IPDMA on patients with NAFLD and T2D,
simple serum-based tests lead to a high uncertainty area
ranging from 40% for FIB-4 to 55% for NFS, the latter
leading to the highest sensitivity (88%) and FIB-4 to the
highest specificity (93%). Otherwise, LSM and AGILE 3+
were characterized by a low uncertainty area ranging
from 12% to 20%, with highest sensitivity of 88% for LSM
and highest specificity of 78% for AGILE 3+. Overall,
these data, according to European and American
guidelines,['%1" suggest, when available and in a tertiary
setting, to use LSM-based tests as first tests while
demanding the use of simple serum scores where LSM is
not available. AGILE 3+ can be an alternative to LSM but,
at least in a diabetic population, does not provide any
additional relevant diagnostic insights. We also tested
the strategy of using serum-based scores as triage and to
refer for LSM-based tests when patients were at
intermediate-to-high risk by simple serum-based scores.
This strategy led to a relevant reduction in the proportion
of patients to an uncertainty area ranging from 8% to
16%, keeping the highest sensitivities for NFS-based
algorithms (79%—-80%) and the highest specificities for
FIB-4-base algorithms (84%—86%). These results con-
firm that the sequential combination strategies can be
useful also in the setting of NAFLD with T2D, even a big
proportion of patients (about 50% for FIB-4 and about
70% for NFS) is worthy of being referred for LSM-based
assessment. From a clinical point of view, FIB-4—based
strategies may be preferred because they can spare
more LSM compared with NFS (Supplemental Figure S6,
http://links.lww.com/HEP/E555). Notably, in our decision
curve analysis, noninvasive tests and their combinations
showed similar modest net benefit for ruling out
advanced fibrosis at threshold probabilities of 5% and
10% of missing advanced fibrosis.
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TABLE 4 Diagnostic accuracy for advanced fibrosis and fibrotic NASH in terms of sensitivity, specificity, PPV, NPV, and 95% Cls of NFS,
FIB-4, LSM, and AGILE 3+ in the training and validation sets of NAFLD patients with T2D according to the best identified cutoffs

Advanced fibrosis—training set

NFS

Rule out <=1.539 (N=119;
21.5%)

Rule in >0.766 (N=95; 17.1%)
FIB4

Rule out <0.973 (N =294;
23.9%)

Rule in >2.310 (N =264;
21.4%)

LSM

Rule out <7.9 kPa (N =390;
31.0%)

Rule in >14.6 kPa (N=334;
26.6%)

AGILE 3+

Rule out <0.426 (N =338;
28.8%)

Rule in >0.848 (N=327;
27.8%)

NFS

Rule out <=1.539 (N =135;
30.2%)

Rule in >0.766 (N=53; 11.9%)
FIB4

Rule out <0.973 (N=163;
36.3%)

Rule in >2.310 (N=83; 18.5%)
LSM

Rule out <7.9 kPa (N=190;
43.6%)

Rule in >14.6 kPa (N=283;
19.0%)

AGILE3

Rule out <0.426 (N=191;
44.6%)

Rule in >0.848 (N =88; 20.6%)

NFS

Rule out <=1.539 (N=73;
18.0%)

Rule in >0.674 (N=79; 19.5%)
FIB4

Rule out <0.845 (N =106;
18.3%)

Rule in >2.306 (N=107;
18.4%)

Se

0.90 (0.86-0.94)

0.27 (0.21-0.33)

0.90 (0.87-0.92)

0.33 (0.29-0.37)

0.90 (0.87-0.92)

0.44 (0.40-0.48)

0.90 (0.87-0.92)

0.46 (0.42-0.50)

Sp

0.31 (0.26-0.36)

0.90 (0.86-0.93)

0.38 (0.34-0.42)

0.90 (0.87-0.92)

0.52 (0.48-0.56)

0.90 (0.88-0.93)

0.48 (0.44-0.52)

0.90 (0.87-0.92)

PPV

0.51 (0.46-0.55)

0.68 (0.58-0.78)

0.59 (0.56-0.62)

0.77 (0.71-0.82)

0.65 (0.62-0.68)

0.82 (0.77-0.86)

0.63 (0.60-0.67)

0.82 (0.78-0.86)

Advanced fibrosis—validation set

0.91 (0.85-0.95)

0.25 (0.18-0.32)

0.88 (0.82-0.92)

0.24 (0.17-0.31)

0.81 (0.74-0.86)

0.35 (0.28-0.43)

0.86 (0.79-0.91)

0.42 (0.35-0.51)

0.90 (0.85-0.93)

0.26 (0.21-0.32)

0.90 (0.86-0.93)

0.24 (0.20-0.29)

0.20 (0.15-0.25)

0.92 (0.89-0.95)

0.41 (0.35-0.47)

0.95 (0.92-0.97)

0.46 (0.40-0.52)

0.91 (0.87-0.94)

0.61 (0.54-0.66)

0.95 (0.91-0.97)

0.40 (0.35-0.45)

0.65 (0.52-0.77)

0.46 (0.41-0.52)

0.74 (0.60-0.85)

0.47 (0.41-0.52)

0.70 (0.59-0.79)

0.56 (0.49-0.62)

0.82 (0.72-0.90)

Fibrotic NASH—training set

0.30 (0.23-0.37)

0.90 (0.85-0.94)

0.31 (0.25-0.38)

0.90 (0.86-0.94)

0.65 (0.59-0.70)

0.80 (0.69-0.88)

0.67 (0.63-0.71)

0.79 (0.71-0.87)

NPV

0.80 (0.71-0.87)

0.61 (0.56-0.65)

0.79 (0.74-0.83)

0.57 (0.54-0.60)

0.84 (0.80-0.88)

0.62 (0.59-0.65)

0.83 (0.78-0.86)

0.62 (0.59-0.66)

0.79 (0.68-0.88)

0.68 (0.63-0.73)

0.85 (0.78-0.91)

0.68 (0.63-0.73)

0.80 (0.73-0.86)

0.71 (0.66-0.75)

0.88 (0.82-0.92)

0.74 (0.69-0.78)

0.67 (0.55-0.78)

0.46 (0.41-0.52)

0.67 (0.57-0.76)

0.43 (0.39-0.48)

Uncertainty area (%)

61.4

54.7

42.4

43.4

57.9

45.2

37.4

34.8

62.5

63.3
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TABLE 4. (continued)

Advanced fibrosis—training set

Se Sp PPV NPV Uncertainty area (%)
LSM
Rule out <6.6 kPa (N=117; 0.90 (0.86-0.93) 0.33 (0.27-0.39) 0.67 (0.62-0.71)  0.69 (0.60-0.77) 52.1
19.3%)
Rule in >14.0 kPa (N=173; 0.41 (0.36-0.47)  0.90 (0.86-0.94) 0.87 (0.81-0.91)  0.51 (0.46-0.56) —
28.5%)
AGILE3
Rule out <0.288 (N=101; 0.90 (0.86-0.93) 0.32 (0.26-0.39) 0.68 (0.63-0.72) 0.67 (0.57-0.76) 52.7
18.5%)
Rule in >0.819 (N=157; 0.41 (0.36-0.47) 0.90 (0.86-0.94) 0.87 (0.81-0.92)  0.49 (0.44-0.54) —
28.8%)
Fibrotic NASH—validation set
NFS
Rule out <-1.539 (N =64; 0.80 (0.74-0.86) 0.42 (0.35-0.49) 0.58 (0.52-0.64) 0.68 (0.58-0.76) 69.6
16.2%)
Rule in >0.674 (N=56; 14.2%) 0.13 (0.09-0.19) 0.89 (0.84-0.93)  0.55 (0.40-0.70)  0.50 (0.45-0.56) —
FIB4
Rule out <0.845 (N=109; 0.79 (0.73-0.84)  0.34 (0.28-0.41)  0.55(0.49-0.61) 0.61 (0.52-0.71) 55.9
27.6%)
Rule in >2.306 (N=65; 16.5%) 0.22 (0.16-0.28)  0.89 (0.84-0.93)  0.66 (0.53-0.77)  0.53 (0.47-0.58) —
LSM
Rule out <6.6 kPa (N =125; 0.83 (0.77-0.88)  0.48 (0.41-0.55) 0.61 (0.55-0.67) 0.74 (0.65-0.81) 45.3
32.6%)
Rule in >14.0 kPa (N =85; 0.35 (0.29-0.43) 0.91 (0.86-0.95) 0.80 (0.70-0.88)  0.59 (0.53-0.64) —
22.1%)
AGILE3
Rule out <0.288 (N =124, 0.78 (0.71-0.83)  0.43 (0.36-0.51)  0.58 (0.51-0.64) 0.66 (0.57-0.74) 46.2
32.9%)

Rule in >0.819 (N=79; 20.9%)  0.32 (0.25-0.39)

0.90 (0.85-0.94)

0.76 (0.65-0.85)  0.57 (0.51-0.63) —

Abbreviations: LSM, liver stiffness measurement; NFS, NAFLD fibrosis score.

In our study, we also identified the best rule in (90%
specificity) and rule out (90% sensitivity) thresholds for
advanced fibrosis to be applied in the setting of diabetic
patients. The higher sensitivity and specificity of these
new cutoffs were at the cost of a higher uncertainty area
ranging from about 42% for LSM to about 61% for NFS.
Consequently, at the moment, traditional cutoffs applied in
the general NAFLD population should be recommended
also in the diabetic setting.

Our study also observed that in patients with
NAFLD and T2D, LSM and its related score AGILE 3
+ had a significantly lower accuracy for the diagnosis
of advanced fibrosis in obese patients compared with
nonobese patients and in those with elevated ALT
compared with their counterpart. This finding confirms
what was already been reported in the overall NAFLD
population.®”l When looking at BMI, our results can
raise the doubt that the lower accuracy of LSM in
obese patients could be due to the use of the M
instead of the XL probe. In an attempt to solve this
question, we confirmed that the accuracy of LSM in
the subgroup of patients where it was measured by M

probe in nonobese and XL probe in obese was higher
in nonobese patients compared with obese patients.
Further studies assessing skin-to-capsule distance
could add insights into this topic. On the other side,
evidence in NAFLD already demonstrated that high
ALT levels affect the accuracy of LSM for fibrosis by
overestimating liver damage.*”1 When looking at NFS
and FIB-4, we observed that these scores performed
better in patients older than 35 years who were
nonobese and had normal ALT values. These data
have already been reported in the NAFLD population,
and they can be explained by the fact that these
variables—included in the scores—are associated
between them and with advanced fibrosis, but are
also present in the absence of advanced fibrosis,
therefore sometimes lowering the accuracy of non-
invasive scores.

The comparison of NAFLD population with T2D to
that without showed that noninvasive scores have
similar diagnostic accuracy for advanced fibrosis in
terms of AUROCs, even if they have lower sensitivity
—except for FIB-4—but higher specificity and lower
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FIGURE 3

Net benefits by decision curve analyses of NFS, FIB-4, LSM, and AGILE 3+ for ruling out advanced liver fibrosis (A), NASH (B),

and fibrotic NASH (C) by using new identified rule out cutoff in NAFLD patients with diabetes.

uncertainty area—except for LSM—in NAFLD without
T2D. This trend was also confirmed when looking at
sequential combination strategies, finally leading to a
higher—even if modest—net benefit of noninvasive
scores for ruling out advanced fibrosis in NAFLD
patients without T2D. Notably, we also observed
that 90% specificity rule in cutoff of LSM for advan-

ced fibrosis was higher in NAFLD patients with T2D
respect to those without (14.6vs. 11.8 kPa), this result
being worthy to further validation clinical practice.
International regulatory agencies identified patients
with fibrotic NASH as those eligible for clinical trials
testing new pharmacological agents for NASH. In our
study, we found that LSM and AGILE 3+, although
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TABLE 5 Comparison in the entire cohort of diabetic NAFLD patients with T2D of AUCs of LSM and different scores for diagnosing F3-F4
fibrosis, F2-F4 fibrosis, NASH, and Fibrotic NASH according to obesity, age, and ALT levels

Advanced fibrosis NASH Fibrotic NASH

AUC P AUC P AUC P
BMI <30 kg/m? vs. BMI > 30 kg/m?
APRI 0.75-0.66 0.034 0.69-0.50 0.004 0.74-0.71 0.531
NFS 0.80-0.70 0.030 0.71-0.59 0.061 0.77-0.73 0.531
FIB4 0.88-0.79 0.016 0.75-0.63 0.059 0.84-0.76 0.145
LSM 0.87-0.79 0.021 0.72-0.59 0.038 0.82-0.77 0.455
AGILE3 0.75-0.66 0.034 0.69-0.50 0.004 0.74-0.71 0.531
Normal ALT vs. abnormal ALT
APRI 0.74-0.59 0.005 0.72-0.70 0.727 0.73-0.63 0.117
NFS 0.74-0.66 0.091 0.68-0.58 0.231 0.73-0.67 0.256
FIB4 0.80-0.68 0.011 0.72-0.64 0.308 0.78-0.72 0.256
LSM 0.87-0.82 0.091 0.80-0.70 0.231 0.86-0.76 0.028
AGILE3 0.88-0.79 0.015 0.78-0.65 0.153 0.84-0.77 0.139
Age <35y vs. age 3565y
APRI 0.47-0.72 0.125 0.45-0.71 0.208 0.67-0.73 0.981
NFS 0.54-0.74 0.166 0.83-0.66 0.570 0.51-0.73 0.245
FIB4 0.68-0.77 0.526 0.70-0.69 0.946 0.54-0.75 0.392
LSM 0.44-0.85 0.058 0.72-0.74 0.946 0.81-0.82 0.981
AGILE3 0.59-0.85 0.125 0.63-0.71 0.946 0.81-0.81 0.981
Age<35yvs.age>65y
APRI 0.47-0.65 0.523 0.45-0.85 0.019 0.67-0.77 0.927
NFS 0.54-0.65 0.720 0.83-0.81 0.899 0.51-0.75 0.215
FIB4 0.68-0.69 0.948 0.70-0.83 0.893 0.54-0.77 0.338
LSM 0.44-0.84 0.073 0.72-0.85 0.899 0.81-0.85 0.954
AGILE3 0.59-0.82 0.346 0.63-0.84 0.624 0.81-0.82 0.954
Age 35-65y vs. age>65y
APRI 0.72-0.65 0.525 0.71-0.85 0.021 0.73-0.77 0.833
NFS 0.74-0.65 0.350 0.66-0.81 0.021 0.73-0.75 0.833
FIB4 0.77-0.69 0.350 0.69-0.83 0.021 0.75-0.77 0.833
LSM 0.85-0.84 0.798 0.74-0.85 0.021 0.82-0.85 0.833
AGILE3 0.85-0.82 0.798 0.71-0.84 0.021 0.81-0.82 0.833

Abbreviations: APRI, AST-to-platelet ratio indes; LSM, liver stiffness measurement; NFS, NAFLD fibrosis score.

originally developed or diagnosing liver fibrosis, overall
outperformed NFS and FIB-4 and had acceptable
accuracy for the diagnosis of fibrotic NASH. When
looking at the best rule in and rule out cutoffs, the use of
LSM and AGILE 3+ identified about 1 patient in three
fourth at high risk of fibrotic NASH, keeping a specificity
>90%. As for advanced fibrosis, in our DCA, only LSM
showed a small benefit for ruling out fibrotic NASH at
threshold probabilities of 5%, 10%, and 15% of missing
fibrotic NASH, confirming the need for liver biopsy for
correct identification of patients with fibrotic NASH,
especially if the patient is eligible for inclusion in clinical
trials. When comparing NAFLD population with T2D to
those without, we found that the diagnostic accuracy of
all noninvasive scores for fibrotic NASH was signifi-
cantly lower in NAFLD patients with T2D. Notably, when

looking at LSM, we also observed a lower uncertainty
area and a higher rule in cutoff for fibrotic NASH in
NAFLD patients with T2D with respect to those without
(14 vs. 11.8 kPa). Different scores like NIS4[%8! or
MACK3B9 or cT1-AST-fasting glucose*”! have been
recently proposed for the noninvasive identification of
NAFLD patients with fibrotic NASH, but limited external
validation and, most importantly, the use of not easily
available unconventional variables limit their use in
clinical practice. Along this line, magnetic resonance
elastography (MRE)-based indices like MEFIB®' and
MAST®2 showed high PPV for fibrotic NASH, but the
cost and availability of MRE limit their validation and
their use in clinical practice. Otherwise, a simpler score,
called FAST,*3 based on the combination of LSM,
controlled attenuation parameter, and AST, has been
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recently shown to have good accuracy with an AUROC
ranging from 0.74 to 0.85, a proportion of at high-risk
patients ranging from 4% to 36%, and a specificity
ranging from 82% to 99%. FAST could not be
investigated in this IPDMA data set because controlled
attenuation parameter was not available. Further
studies in the setting of diabetic patients may demon-
strate the superiority of FAST score—the today’s
standard for the diagnosis of fibrotic NASH—to
LSM alone.

The main limitation of the present study lies in its
potentially limited validity of the results in different
populations and settings. As our study includes patients
referred to tertiary hepatological referral centers for
suspected liver damage, it is possible that the obtained
results could not be replicated in general diabetic
populations differing for age, biochemical alterations,
the severity of T2D, and metabolic comorbidities. Along
this line, the observed relatively high PPV and relatively
low NPV of studied scores can be related to the high
prevalence of advanced fibrosis, NASH, and fibrotic
NASH in our population with respect to what is observed
in the diabetic general population. Consequently, it could
be possible that other cutoffs might be better in general
diabetic populations with a lower prevalence of the
investigated outcomes. The exclusion from IPDMA of
studies using screening strategies other than LSM, and
the hyporepresentation of North or South America
populations, where T2D is highly prevalent, could further
limit the generalizability of our results. The allowed 6-
month interval between NITs and liver biopsy could also
affect the interpretation of the results: this interval time
could be considered substantial for NASH and fibrotic
NASH where inflammation and steatosis components
can significantly change within this timeframe. Moreover,
the observed performance of NITs in subgroup analyses
can be affected by the spectrum bias effect. Lack of an
external validation cohort, central biopsy reading, and
potentially hidden alcohol abuse in some patients could
further limit the interpretation of our results.

In conclusion, we demonstrated that in the setting of
NAFLD patients with T2D, LSM, and AGILE 3+ have
similar good and acceptable diagnostic accuracy for the
diagnosis of advanced fibrosis and fibrotic NASH,
respectively. In the context of their limited availability,
the sequential combination of serum-based with LSM-
based tests for advanced fibrosis lead to a reduction of
about 40%-60% in necessary LSM tests keeping
sensitivity and specificity >80% for NFS-based and
FIB-4—based combinations.
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