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BACKGROUND AND AIMS: Liver fibrosis holds a rel-
evant prognostic meaning in primary biliary cholangitis (PBC).
Noninvasive fibrosis evaluation using vibration-controlled tran-
sient elastography (VCTE) is routinely performed. However,
there is limited evidence on its accuracy at diagnosis in PBC.
We aimed to estimate the diagnostic accuracy of VCTE in as-
sessing advanced fibrosis (AF) at disease presentation in PBC.

APPROACH AND RESULTS: We collected data from 167
consecutive treatment-naive PBC patients who underwent
liver biopsy (LB) at diagnosis at six Italian centers. VCTE
examinations were completed within 12 weeks of LB. Biopsies
were scored by two blinded expert pathologists, according to
the Ludwig system. Diagnostic accuracy was estimated using
the area under the receiver operating characteristic curves
(AUROC:s) for AF (Ludwig stage >III). Effects of biochemi-
cal and clinical parameters on liver stiffness measurement
(LSM) were appraised. The derivation cohort consisted of
126 patients with valid LSM and LB; VCTE identified pa-
tients with AF with an AUROC of 0.89. LSM cutoffs <6.5
and >11.0 kPa enabled to exclude and confirm, respectively,

18 Alessandra Nardi,'*** and Marco Carbone™**, on the behalf of the

AF (negative predictive value [NPV] = 0.94; positive pre-
dictive value [PPV] = 5.6%). These val-
ues were externally validated in an independent cohort of 91
PBC patients (NPV = 0.93; PPV = 0.89; error rate = 8.6%).
Multivariable analysis found that the only parameter affecting

0.89; error rate =

LSM was fibrosis stage. No association was found with BMI
and liver biochemistry.

CONCLUSIONS: In a multicenter study of treatment-naive
PBC patients, we identified two cutoffs (LSM <6.5 and
>11.0 kPa) able to discriminate at diagnosis the absence or
presence, respectively, of AF in PBC patients, with external
validation. In patients with LSM between these two cutoffs,
VCTE is not reliable and liver biopsy should be evaluated for
accurate disease staging. BMI and liver biochemistry did not
affect LSMs. (HepaToLocy 2021;74:1496-1508).

rimary biliary cholangitis (PBC) is an autoim-
mune liver disease characterized by destructive
cholangitis affecting the small intrahepatic
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bile ducts, leading to chronic cholestasis and fibrosis.
Many patients eventually develop end-stage liver dis-
ease with attendant need for liver transplantation.”
PBC pathophysiology is characterized by three main
processes: inflammation, cholestasis, and fibrosis.
Surrogate markers of inflammation and cholestasis
(i.e., alkaline phosphatase [ALP], bilirubin, and trans-
aminases) are used to assess the response to therapy
with ursodeoxycholic acid (UDCA); as such, they have
been included in binary criteria and continuous prog-
nostic scores to quantify treatment benefit (e.g., Paris
criteria, GLOBE, and UK PBC score) after UDCA,
which represent the basis for risk stratification in
PBC.?* In addition, our group has recently proposed
the UDCA response score (URS), which, including
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biochemical and clinical parameters, enables an accu-
rate prediction of UDCA response at diagnosis.(s)

Fibrosis staging at baseline is currently overlooked
in PBC and not integrated into a paradigm of man-
agement such as biochemical response. Recently, the
GLOBAL PBC and the UK-PBC study groups
showed that histological fibrosis grants prognostic
value beyond biochemical response at 1 year; this
highlighted the need to incorporate liver fibrosis (LF)
stage (or its surrogate markers) into paradigms of risk
stratification of PBC at diagnosis.(®”)

Liver biopsy (LB) is currently the gold standard for
LF staging in chronic liver disease. However, because
of its invasiveness and potential sampling error, it is
not recommended for staging purposes at diagnosis
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by international guidelines on PBC.®Y Noninvasive
evaluation of LF with liver stiffness measurements
(LSMs) by vibration-controlled transient elastogra-
phy (VCTE) has been proved as a simple and reliable
surrogate marker of fibrosis in several chronic liver
diseases.'**¥ In PBC, LSM by VCTE is currently
recommended by European Association for the Study
of the Liver (EASL) Clinical Practice Guidelines
(CPGs) for disease staging at diagnosis and during
follow—up.(g) However, such a recommendation is
based on a cross-sectional, single-center study includ-
ing patients on treatment, at different times from
diagnosis, and patients with overlap PBC/autoim-
mune hepatitis (AIH) under immunosuppressive ther-
apy.(14) Concomitant therapies and liver inflammation
of a different disease phenotype (i.e., AIH) might
have introduced an uncontrolled bias in this hetero-
geneous cohort. Thus, there is a need to identify and
validate accurate cutoffs of LSM for LF assessment in
a treatment-naive population, at disease presentation,
to implement early risk stratification in PBC.

We designed a study across six Italian liver cen-
ters with the aim to explore the diagnostic accuracy
of VCTE compared with a reference standard based
on histological evaluation of fibrosis, and to study the
impact of body mass index (BMI), inflammation, and
cholestasis on LSM readings. In addition, we aimed
to identify LSM cutoffs for use in clinical practice.

Patients and Methods

STUDY DESIGN AND
PARTICIPANTS

This is a diagnostic test accuracy study using data
from the Italian PBC Registry, an ongoing, nonin-
terventional, multicenter, prospective, observational
cohort study that monitors patients with PBC across
the country. From January 2006 to August 2019, all
patients with a new diagnosis of PBC and naive to
specific therapy who underwent both VCTE and per-
cutaneous LB within 12 weeks from each other and
within 6 months from diagnosis were consecutively
included in the study from six sites participating in
the Italian PBC Registry (Ospedale San Gerardo,
Monza; Ospedale San Giuseppe, Milan; Ospedale
Maggiore della Carita, Novara; Fondazione IRCCS
“Ca’ Granda” Ospedale Maggiore Policlinico, Milan;
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Ospedale San Martino, Genova; and Policlinico
Umberto I, Rome).

To confirm our results, we tested the diagnostic
performance of cutoffs derived from the derivation
cohort in an external validation cohort of 91 patients
with the same inclusion and exclusion criteria, from an
external site, the Policlinico Paolo Giaccone, Palermo.

The study was conducted in accordance with
the guidelines of the Declaration of Helsinki and
the principles of good clinical practice. All partici-
pants provided written informed consent. The study
was approved by the University of Milan-Bicocca
Research Ethics Committee (study name: PBC322),
coordinator of the Italian National Registry, and by
the research and development department of each
collaborating hospital.

All authors had access to the study data and
reviewed and approved the final manuscript. The
STARD guidelines were followed to report the meth-
ods and results of this study.®)

ENDPOINTS

The aim of the study was to assess the diagnostic
accuracy of LSM by VCTE against liver histology at
the time of diagnosis in PBC patients and evaluate
the potential confounding effect of BMI, liver inflam-
mation, and cholestasis in predicting fibrosis by LSM
in patients naive to therapy.

STUDY DEFINITIONS

Diagnosis of PBC was made based on elevated
ALP and the presence of antimitochondrial antibodies
(AMAs) at a titer >1:40 or specific antinuclear anti-
bodies (ANAs) immunofluorescence (nuclear dots or
perinuclear rims) or ELISA results (sp100, gp210) in
AMA-negative patients. In patients negative to PBC-
specific antibodies, diagnosis was made by histological
evidence of inflammatory destructive cholangitis of
bile ducts.

INCLUSION AND EXCLUSION
CRITERIA

Patients aged 218 years, able to give written
informed consent, were scheduled to have an LB in
the context of the Italian PBC Registry for investiga-
tion of suspected PBC, search for overlap syndrome
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with AIH and/or other chronic liver conditions (e.g.,
NASH), or disease staging within 3 months of VCTE
examination.

We excluded from the study patients with other
concomitant liver-related disease such as HBV or
HCYV, histological overlap syndrome with AIH and
NASH, a history or an active alcohol abuse, and any
other causes of liver injuries other than PBC.

DATA CAPTURE

Data on clinical, biochemical, histological features,
and LSM values were collected prospectively into a
bespoke database. The database is an electronic data
capture system with an electronic case report form
developed for the purpose of the Registry.

Baseline data were collected at diagnosis, before
starting the UDCA. The following parameters were
collected in the derivation cohort: age, sex, BMI, date
of liver biopsy, date of diagnosis, LSM value, and liver
function tests (LFTs) performed within 3 months
from biopsy date and VCTE, that is, serum albumin,
ALP, gamma-glutamyl-transferase, total bilirubin, ala-
nine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), and platelet count.

The following data were collected at baseline in the
validation cohort: age, sex, BMI, date of liver biopsy,
date of diagnosis, LSM, and LFTs performed within
3 months from biopsy date and VCTE, (i.e., ALP,
bilirubin, ALT, AST, and platelets). Age, LFTs, and
platelets were used to calculate Fibrosis-4 score (FIB-
4) and AST to platelet ratio index (APRI) at diagno-
sis'®17) in both cohorts.

HISTOPATHOLOGICAL
EVALUATION

Percutaneous LBs were performed according to the
local standard procedure with a 16G needle in the
right hepatic lobe. Only liver specimens with at least
10 complete portal tracts were considered eligible in
this study. For all liver specimens, the following stain-
ings were used for review: HE, Masson trichrome
stain, and cytokeratin-7 stain. Slides were analyzed
independently by two experienced pathologists (G.C.
and N.Z.) who were blinded to each other’s reading
and to the patient’s clinical data and LSM. In case
of disagreement, consensus was obtained by joint
review of sections until agreement. Fibrosis was staged
according to Ludwig staging system on a 1-4 scale:

CRISTOFERI, CALVARUSO, ET AL.

I = portal hepatitis with little or no periportal inflam-
mation or piecemeal necrosis; II = periportal hepatitis
with piecemeal necrosis; absence of bridging necrosis
and of septal fibrosis; III = septal fibrosis or bridging
necrosis, or both are present; and IV = cirrhotic stage:
fibrous septa and regenerative nodules.®

For the purposes of this study, patients were cate-
gorized as having early stage (Ludwig = I or II) and
advanced stage (Ludwig = IIT or IV).

VCTE (FIBROSCAN)
VCTE examination by FibroScan (Echosens, Paris,

France) was performed in each center by physicians
trained and certified by the manufacturer. An automatic
probe selection tool was embedded in the device soft-
ware that recommends the appropriate probe for each
patient according to the real-time assessment of the
skin-to-liver capsule distance. All LSMs included in the
study has been performed after at least 4 hours of fast
by scanning the right liver lobe through an intercostal
space by an experienced operator with an experience of
at least 500 examinations. LSMs are expressed in kilo-
pascals (kPa), and the Boursier criteria performance as
a quality control for FibroScan were evaluated in this
cohort that was classified in three reliability categories:
very reliable (interquartile range/median [IQR/M],
<0.1); reliable (IQR/M >0.1 and <0.3 or IQR/M >0.3
with LSM <7.1 kPa); and poorly reliable (IQR/M >0.3
in patients with LSM >7.1 kPa).(w) Only examinations
with at least 10 valid individual measurements and
classified as reliable and very reliable according to the
Boursier criteria were deemed valid.

STATISTICAL ANALYSIS

To account for interlaboratory variability, ALP,
ALT, AST, and total bilirubin are expressed as a mul-
tiple of their respective upper limit of normal values
(ULNSs). Given that most variables showed skewed
distributions with significant departures from the nor-
mal density, a nonparametric approach was preferred
in the analysis. Continuous variables were summa-
rized by median, first, and third quartiles. Histograms
were used to describe distributions, and kernel-density
estimates were overimposed. The Wilcoxon rank-
sum test was used to compare groups. Categorical
variables were described by absolute frequencies and
percentages; to compare groups, we used the y* test
(or Fisher’s exact test in the case of sparse tables).
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Box-and-whisker plots were created for graphical
comparison of empirical distributions.

Multivariable analysis was undertaken using logistic
regression. For ALP, AL'T] and bilirubin, the logarith-
mic transformation was considered to adjust for the
extreme skewness of their distributions. Maximum like-
lihood estimates are reported. The Wald test was used
to assess significance. Poorly predicted observations
were identified by the standardized deviance residu-
als. Diagnostic accuracy was evaluated using receiving
operator characteristic (ROC) curves. Nonparametric
stratified bootstrapping was used to compute confi-
dence bands for ROC curves. Area under the ROC
curve (AUROQC) is reported together with its 95% CI.
ROC curves were compared using De Long’s test.

Negative and positive predictive values (NPV,
PPV), specificity and sensitivity, and positive and
negative likelihood ratios (LR', LR") are reported.
In the case of a single cutoff, the optimal threshold
was chosen maximizing the Youden index. In the dual

HEPATOLOGY, September 2021

approach, criteria for choosing cut-off values were as
follows: for the high confirmatory cutoff, specificity
and PPV >0.90, and for the low exclusionary cutoff,
sensitivity and NPV >0.90. If more than two cutoffs
met these criteria, the additional requirement was to
minimize the grey area.

Analyses were conducted using SAS (version 9.4;
SAS Institute Inc., Cary, NC) and R software (version
3.4; R Foundation for Statistical Computing, Vienna,
Austria).

Results

PATIENTS CHARACTERISTICS

The study flow chart is represented in Fig. 1. One
hundred sixty-seven patients with both VCTE and
LB performed at diagnosis within 12 weeks from each
other were consecutively enrolled in the study period.

N 167 patients with VCTE and LB performed at diagnosis
within 12 weeks from each other

* N 7 patients with
concomitant viral hepatitis

* N 3 patients with evidence of
concomitant biliary disease
at MRCP

A 4

A 4

* N 12 patients with overlap
with autoimmune hepatitis

* N 9 patients with non-
interpretable LB™

N136 Intention-to-diagnose cohort

|+ N 10 patients with invalid

Y

LSM®@

N126 Derivation cohort

FIG. 1. Flow chart of the study. Notes: "We considered interpretable LB specimens those with at least 10 evaluable portal spaces. 'We
considered valid LSM when 10 valid measurements were collected and classified as “very reliable” and “reliable” according to Boursier’s
criteria.!” Abbreviation: MRCP, magnetic resonance cholangiopancreatography.
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Among them, 22 (13.2%) patients were excluded from
the study for concomitant liver disease overlap. Biopsy
failure or inadequate liver specimen was recorded in
9 patients (5.4%). Our intention-to-diagnose cohort
consisted of 136 patients with LB and VCTE at
diagnosis. Median time between VCTE and LB was
14.5 days (IQR, 0.0, 39.3). Consensus on the grade
and stage of the biopsy sample was reached in all
cases. Fifty-five patients (40.4%) had histological stage
Ludwig I, 39 had Ludwig II (28.7%), 30 had Ludwig
IIT (22.1%), and 13 had Ludwig IV (8.8%). Median
age was 52 (IQR, 46, 58); 90.4% were females. Median
ALP, ALT, and total bilirubin at baseline were 1.4 x
ULN (IQR, 1.0, 2.4), 1.3 x ULN (IQR, 0.9, 2.0), and
0.6 x ULN (IQR, 0.4, 0.8), respectively.

Ten patients had unreliable LSM (as defined
below). The 126 remaining patients composed the
derivation cohort leading to an applicability of 92.1%.
Among these patients, 53 (42%) were classified as
“very reliable” and 73 (58%) as “reliable” according to
the Boursier criteria (Fig. 1).

DERIVATION COHORT

Prediction of Advanced Fibrosis

With the aim of predicting advanced fibrosis (AF),
a per-protocol analysis was undertaken using data
from the derivation cohort where valid measures of
LSM were available. Advanced stage was defined as
Ludwig stage III-IV, whereas early stage was defined

CRISTOFERI, CALVARUSO, ET AL.

as Ludwig stage I-II. Ninety-one patients (72.2%)
were in early stage, 35 (27.8%) in advanced stage.

Median biochemical values, LSM, APRI, and
FIB-4, of patients in early and advanced stage are
reported in Table 1. LSMs according to fibrosis stage
by Ludwig are presented in Fig. 2.

In order to predict advanced stage, the logistic
model was fitted to observed data considering LSM,
BMI, ALP, ALT, bilirubin, albumin, and platelet
count at diagnosis as potential predictive factors; in
addition, the analysis was adjusted for age and sex.
LSM was the only significant predictor of AF. None
of the biochemical parameters nor BMI showed a
significant, additive predictive contribution to LSM
(Table 2). Predictive value of LSM in identifying AF,
as measured from the AUROC, was 0.89 (CI, 0.83,
0.95; Supporting Fig. S1).

Figure 3 shows the relationship between predicted
probabilities of AF and LSM values according to the
fitted logistic model. The curve steeply increased in an
interval of LSM between 7 and 11 kPa, which corre-
sponds to an estimated probability of AF ranging from
0.21 to 0.75 (Fig. 3). In this range, patients with Ludwig
I-1I and patients with Ludwig III-IV have overlapping
LSM. Thus, despite the good predictive capability of
LSM, in this interval a reliable prediction of AF using
a single-threshold approach appears unfeasible.

Indeed, the point where Youden’s index is maximum
was 7.0, with a sensitivity of 0.89 and a specificity of
0.79. However, whereas NPV was 0.95, PPV was only
0.62, with 19 patients falsely classified in advanced stage.

TABLE 1. Demographics and Clinical Characteristics at Diagnosis of the Derivation Cohort According to Ludwig Stage

Early Stage (n = 971)

Advanced Stage (n = 35)

Median or N Q1-Q3 or % Median or N Q1-Q3 or %
Age at diagnosis (years) 51 45-55 54 48-62
Female sex 84 92.3 29 82.8
ALP x ULN 1.3 0.8-2.1 1.8 1.3-3.5
ALT x ULN 1.1 0.8-2.0 1.9 1.4-2.3
AST x ULN 1.0 0.9-1.5 1.4 1.0-2.0
Total bilirubin x ULN 0.6 0.4-0.7 0.8 0.5-1.0
Albumin (g/dL) 4.3 4.0-4.4 4.2 4.0-4.4
PLT x 10%/L 253 213-304 203 160-245
LSM (kPa) 55 4.5-6.8 9.6 7.7-14.5
APRI 0.43 0.31-0.65 0.66 0.41-1.22
FIB-4 1.33 0.92-1.60 1.66 1.30-2.91
BMI 24 21-26 25 22-28
Abbreviation: PLT, platelet count.
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FIG.2. Distribution of LSM according to histological stage by Ludwig
in the derivation cohort. LSM increased significantly in fibrotic stages
IIT and IV by the Ludwig system (Kruskal-Wallis test, P < 0.00001).

TABLE 2. Multivariable Logistic Model Fitted to Observed

Data

OR 95% Cl PValue
LSM (kPa) 1.76 (1.29,2.47) 0.0004
Age (years) 1.04 (0.97,111) 03153
Sex (female vs. male) 0.74 (0.10,5.31) 0.7661
ALP x ULN (log scale) 1.13 (0.45,2.84) 0.7955
ALT x ULN (log scale) 0.96 (0.35,2.65) 0.9310
Total bilirubin x ULN (log scale) 1.46 (0.44,4.80) 0.5384
Albumin (g/dL) 1.10 (0.20,6.00) 09117
PLT x 10%/L 1.00 (0.99,1.01)  0.2954
BMI 1.00 (0.85,1.19) 0.9854

Abbreviation: PLT, platelet count.

Thus, we explored the use of a dual cut-off approach
with a lower and a higher threshold to define areas of
accurate prediction and a grey area where VCTE may
not provide a reliable prediction of AF (Fig. 4). The
diagnostic accuracy of different possible high and low
cut-off values is reported in Supporting Table S1. For
the optimal lower threshold of 6.5 kPa, which defines
the absence of AF, sensitivity and NPV were 0.91 and
0.96, respectively.

This threshold led to identifying 70 early-stage
patients, of whom 67 (95.7%) were correctly predicted
(Table 3). The 3 patients not correctly predicted
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FIG. 3. Logistic curve of the relationship between predicted
probabilities of AF and LSM. The grey area highlights the portion
of the curve in which VCTE may not be reliable in predicting AF.

had Ludwig stage III, had an LSM of 4.3, 5.9, and
6.1 kPa, and none showed biochemical features of
AF or cirrhosis. ALP was <1.5 ULN in all of them,
and transaminases were <1.5 ULN. Only 1 patient
had bilirubin levels of 1.1 x ULN, with normal serum
albumin and platelet count.

For the optimal higher threshold of 11.0 kPa, which
defines the presence of AF, specificity and PPV were
0.99 and 0.94, respectively. This threshold identified
17 advanced-stage patients, of whom 16 (94.1%) were
correctly predicted. The only patient not correctly pre-
dicted (LSM = 11.3 kPa, Ludwig I) had low platelet
count (120 x 10°/L), ALP markedly increased (x5.6
ULN) along with a mild increase of transaminase. In
this patient, APRI score was 1.72 and FIB-4 was 4.13
and were both consistent with AF.

Using this dual cut-off approach in the derivation
cohort, the positive and negative likelihood ratio were

91.0 and 0.09, respectively, and the total error rate was
5.6%.

Comparison VCTE With FIB-4 and
APRI Score

Performance of LSM was compared with FIB-4
and APRI score. FIB-4 and APRI score at diagnosis
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FIG. 4. Density plot of LSM (A), FIB-4 (B), and APRI score (C) in the derivation cohort. Patients with Ludwig stage I and II at
liver biopsy are represented in purple lines, those with Ludwig stage III and IV in red lines. In the LSM density plot (A), the grey area
highlights the interval of LSM in which TE is not reliable. In the APRI and FIB-4 density plots (B,C), the peak of density of patients in
early and advanced stage are almost overlapped, which underlies the limits of these tools in PBC. Note: The grey area in the FIB-4 density
plot (B) expresses the range of LSM in which FIB-4 as ;)roposed by Sterling et al."® The black straight line in the APRI score density
plot (C) expresses the cutoff of 0.54 validated in PBC.?Y Extreme observations were excluded (4 cases).

TABLE 3. Ludwig Stage Stratified by Risk Class Prediction of Fibrosis in the Logistic Regression Model in the Intention-to-

Diagnose Cohort.
Early Stage Grey Area Advanced Stage

(LSM <6.5 kPa) (6.5<LSM < 11.0 kPa) (LSM >11.0 kPa) Unreliable LSM Total

n (Column %) n (Column %) n (Column %) n (Column %) n (Column %)
Ludwig stage | 40 (57.1) 13(33.3) 1(5.9) 1(10.0) 55 (40.4)
Ludwig stage I 27 (38.6) 10 (25.6) 0(0) 2(20.0) 39 (28.7)
Ludwig sfage Il 3(4.3) 15 (38.5) 6(35.3) 6 (60.0) 30 (22.1)
Ludwig stage IV 0(0) 1(2.6) 10 (58.8) 1(10.0) 12 (8.8)
Total 70 39 17 10 136

were available for 114 (90.5%) patients. AUROC for
AT was 0.66 (CI, 0.54, 0.77) for FIB-4 and 0.64 (CI,
0.52, 0.76) for APRI. LSM outperformed both the
alternative tests (P = 0.0066 and P = 0.0037, respec-
tively; Supporting Fig. S2).

To illustrate the different discrimination power of
the three tests, we estimated their empirical distribu-
tions stratified by presence or absence of histological
AF. FIB-4, and APRI empirical densities overlap, with
the distributions of cases with AF only slightly shifted
to the right. A moderate overlap is shown also in LSM,
which is, however, confined to the grey area (Fig. 4).

Using the dual cut-off approach validated and cur-
rently in use for FIB-4,19 among 60 patients with
an FIB-4 <1.45, 51 were correctly predicted (sensi-
tivity = 0.65; NPV = 0.85); among 10 patients with
FIB-4 >3.25, 6 patients were correctly predicted
(specificity = 0.96; PPV = 0.60). Among the 44

patients with FIB-4 measurements in the grey area
(i-e., 21.45 and <3.25), 33 patients were in early stage
and 11 were in advanced stage (Supporting Table S2).

When the single, validated cutoff of 0.54 was
applied for APRI, we found specificity 0.65, sen-
sitivity 0.58, NPV 0.84, and PPV 0.33, with 29
patients falsely classified in the advanced fibrotic
stage. >

Intention-to-Diagnose Analysis

Performance of the VCTE for discrimination of
AF was tested also including patients with unreliable
LSM results (n = 10). Among these patients, 4 had
<10 valid measurements (3 with eight measurements
and 1 with nine measurements) and 6 were unreliable
according to the Boursier criteria (median IQR/M,
0.33 [IQR, 0.32, 0.34]). Patients with invalid LSMs
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had a significantly higher BMI than patients in the
derivation cohort (27.3 [IQR, 24.3, 29.9] vs. 24.0
[IQR, 21.0, 27.0]; P = 0.0475). No other significant
differences between these 10 patients and the deriva-
tion cohort in demographical and biochemical vari-
ables were found.

Patients with unreliable LSM were classified using
two opposite extreme scenarios, either as were “all
wrongly classified” (worst scenario) or as were “all cor-
rectly classified” (best scenario). In the worst and in
the best scenario, we found a sensitivity of 0.76 and
0.93, a specificity of 0.96 and 0.99, a PPV of 0.80 and
0.96, an NPV of 0.87 and 0.96, an LR" of 19 and 93
and an LR™ of 0.25 and 0.07, respectively.

Considering the results of VCTE achieved in all 10
patients, 5 were correctly classified, 4 patients had LSM
within the grey area, and 1 patient was wrongly classi-
fied in the early stage with Ludwig stage III at LB.

VALIDATION COHORT

The two cutoffs identified in the derivation
cohort were validated in an external cohort of 91
PBC patients at disease onset, naive to UDCA with
a time span from LB and VCTE of 21.5 (IQR, 7.3,
52.3) days. There were no clinically meaningful
differences between the two cohorts (Table 1 and
Supporting Table S3). LSM versus fibrosis stage by
Ludwig is presented as a box plot in Supporting
Fig. S3.

The lower threshold of 6.5 kPa identified 40 early-
stage patients, of whom 37 (92.5%) were correctly
predicted (Supporting Table S4). The 3 patients not
correctly predicted were all Ludwig stage I1I, LSM of
4.9,5.6,and 6 kPa, and normal albumin, bilirubin, and
platelet count; 2 patients had ALP and transaminases
within 2 x ULN, and 1 patient had ALP 8 x ULN
and ALT x 4 ULN. Sensitivity and NPV were 0.89
and 0.93, respectively.

The higher threshold of 11.0 kPa identified 18
advanced-stage patients, of whom 16 (98.4%) were
correctly predicted (Supporting Table S4).

Considering wrongly predicted cases, 1 patient had
an LSM of 29.8 kPa and Ludwig stage II, with normal
serum albumin, bilirubin level, and platelet count, and
ALP x 4 ULN and ALT x 4 ULN; the second patient
had an LSM 11.8 kPa and Ludwig stage II, with bil-
irubin 1.2 x ULN, ALP x 2.5 ULN and ALT x 2.5

ULN, and normal albumin and platelet count.
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Specificity and PPV were 0.97 and 0.89, respec-
tively. Using the dual cutoff in the validation cohort,
the LR" and LR™ were 29.67 and 0.11, respectively,
and total error rate was 8.6%.

In the validation cohort, APRI and FIB-4 were
available for 88 (96.7%) patients with median val-
ues of 0.45 (IQR, 0.30, 0.72) and 1.37 (IQR, 1.05,
1.97), respectively. To show the different discrimina-
tion power of the three tests in the validation cohort,
we estimated the empirical distributions of LSM,
FIB-4, and APRI stratified by presence or absence
of histological AF (Supporting Fig. S4). Similarly
to what we showed in the derivation cohort, the
density peak of both groups was mostly overlapping,
whereas in the LSM plot the overlap was confined
to the grey area.

GREY AREA (OVERALL COHORT)

The overall number of patients in the grey area
was 72 of 217 (33.2%): 68.1% were in early stage,
31.9% in advanced stage. Median values of LSM
were 7.9 (IQR, 7.1, 8.7) and 7.9 kPa (IQR, 7.4, 9.0)
for patients with Ludwig stage I-II and Ludwig
stage III-IV, respectively. BMI, ALP, bilirubin,
platelet count, and noninvasive scores of fibrosis (i.e.,
APRI and Fib-4) were not significantly different in
patients in early and advanced stage (Supporting
Table S5).

Discussion

Fibrosis is a major driver of clinical outcomes in
PBC. The accurate staging of patients at disease pre-
sentation, ideally using noninvasive tests, is a major
unmet clinical need in PBC. In this study, we con-
firmed the high performance of VCTE in predicting
AF in a nation-wide cohort of treatment-naive PBC
patients and provided externally validated cut-off val-
ues for confirming or excluding fibrosis at diagnosis.

This study provides a pragmatic approach to
threshold setting of noninvasive tests in PBC by cre-
ating three classes of risk: early stage, advanced stage,
and a grey area of inaccurate discrimination. Indeed,
the large number of falsely classified patients with a
single cut-off approach, despite its good sensitivity
and specificity, highlights the limits of the discrimi-
nating power of VCTE in a range of defined values of
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stiffness. The proposed methodology showed a good
predictive capability in per-protocol analysis that
was confirmed also using an intention-to-diagnose
approach.

Patients without relevant fibrosis at VCTE are
more likely to respond to UDCA, have a lower risk of
end-stage liver disease complication, and can therefore
be de-escalated in the intensity of care.

On the other hand, the early identification of clini-
cally relevant fibrosis at baseline would enhance patient
management timeliness; this should be done through
HCC surveillance and early (second-line) treatment
escalation, particularly in those predicted at high risk
of first-line treatment failure by the URS.®) Indeed,
the URS and VCTE can be combined as noninvasive
tools to implement baseline risk stratification in PBC
by offering an estimated risk of treatment failure and
disease stage, respectively (Fig. 5). Finally, an accu-
rate, noninvasive staging at diagnosis would support
patient selection in clinical trial design in PBC.

UDCA response and fibrosis stage at diagno-
sis are key parameters for risk stratification in PBC.
Recently, two studies of the Globe PBC and UK-
PBC" study groups independently showed that the
assessment of fibrosis stage at diagnosis grants prog-
nostic value beyond biochemical treatment response.
This highlights the need to incorporate fibrosis stage,

CRISTOFERI, CALVARUSO, ET AL.

or a reliable noninvasive surrogate, in individual risk
stratification in patients with PBC.

Currently, liver biopsy has a marginal role for diag-
nosis, and it is not recommended for disease staging at
diagnosis. VCTE by FibroScan is considered the best
surrogate markers for the detection of severe fibrosis
or cirrhosis in patients with PBC. There is a critical
need in clinical practice and clinical research to define
an accurate cutoff of LSM. A seminal French study
in PBC by Corpechot et al. (n = 150) demonstrated
the high specificity and sensitivity (>90%) of VCTE
in distinguishing the fibrotic stagcs.(14) However,
the prediction of intermediate fibrosis was dismal
(LSM = 8.8 kPa for fibrosis F2; sensitivity, 0.67; spec-
ificity, 1.0). Based only on this study, the EASL. CPGs
recommend the use of VCTE for disease staging at
baseline and during follow-up.”” However, this study,
though relevant, had some methodological flaws: The
cohort was cross-sectional with patients at different
phases of the disease course (mean time from diagno-
sis = 6.7 years), and only 11% of patients were assessed
at diagnosis and naive to therapy. Moreover, 14% of
patients had histologically proven PBC-AIH overlap
syndrome, and 18% of patients were receiving addi-
tional corticosteroids and/or mycophenolate mofetil;
more important, this was a single-center study lacking
an external validation cohort.¥

LSM < 6.5kPa | LSM >6.5kPa and < 11kPa | LSM >11kPa
| Liver Biopsy |
| Ludwig stage I-II | | Ludwig stage IlI-IV |
UDCA Response Score | | UDCA Response Score | | UDCA Response Score | | UDCA Response Score
. High
High N probability

High Low probability Low High Low Low
probability probability probability probability probability probability

Intermediate Risk Category

FIG. 5. Proposed algorithm for risk stratification at diagnosis in PBC patients.
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The diagnostic performance of VCTE and cut-
offs for staging fibrosis in our study are broadly in
keeping with data from the French study and others,
which showed a mean LSM value for fibrosis F3-F4
by Metavir (comparable to Ludwig stage III-IV) of
10.9 (CI, 10.7,11.5).(14’21) However, the exclusion of
fibrosis could not be compared given that in previous
studies, the evaluation of LSM in nonfibrotic patients
was overlooked.1*?1%?

The dual cut-off approach is not unfamiliar. This
has been proposed in hepatitis B patients by Vigano
et al. and recently in HBV-HIV—coinfected patients
by Sterling et al.®*?% It highlights a grey arca of
inaccurate prediction, which is inherent to the device,
known to outperform with the extreme readings and
fail with intermediate ones.*>*

With the same intent, we used the Ludwig system
for disease staging, rather than Metavir or Ishak sys-
tems, to identify clinically relevant fibrosis (Ludwig
stage > III), rather than intermediate fibrotic stages.
Unsurprisingly, APRI and FIB-4 do not provide help
in fibrosis discrimination even in this subset. For this
reason, in patients with intermediate LSM readings,
liver biopsy can be a justified approach for accurate
disease staging to guide further management.

It is reported that liver inflammation and cholesta-
sis may influence VCTE accuracy for the noninvasive
evaluation of LE?) Hepatic inflammation in par-
ticular has been identified as a potential confounder
that may lead to false-positive LSMs even when
transaminases are not markedly elevated.®**® In our
study, surrogate markers of hepatic inflammation and
cholestasis (i.e., transaminases, ALP, and bilirubin) were
explored in their relationship with LSM, and no signif-
icant influence of their effect was observed at diagno-
sis. This is consistent with the recent study on VCTE
in AIH. Hartl et al. showed that the diagnostic accu-
racy of VCTE for staging fibrosis was not different in
patients after immunosuppressant treatment achieving
biochemical remission compared to those without bio-
chemical remission.®*3") Likewise, in our cohort, the
hepatic inflammation linked to PBC may not be severe
enough to impair LSM. Similar results have been
recently published by Eddowes et al. in a prospective
study on NAFLD, in which they found no significant
influence of ALT values on LSM for each fibrosis stage.

Regarding cholestasis, the only evidence of impaired
accuracy of LSM derives from a small cohort of patients
(n = 15) with obstructive jaundice before endoscopic
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retrograde cholangiopancreatography.®® In line with
our results, Corpechot et al., in a study conducted
on 66 patients with primary sclerosing cholangitis
with median ALP values at baseline of 2.2 x ULN
and median bilirubin values of 20.9 pmol/L, showed
that the only parameter associated with LSM was the
stage of fibrosis.*”)

Our study has several strengths. The study cohort
was represented by a naive cohort of patients at dis-
ease presentation; liver biopsies underwent centralized
digital pathology review with double-blind reading;
the identified cutoffs underwent validation in an
independent cohort.

We acknowledge some limitations of the study.
Liver biopsy in PBC is recommended by EASL
CPGs only in patients with suspicion of overlap with
other conditions (e.g., AIH or NASH), given that it
is not necessary for diagnosis. This might have intro-
duced a selection bias in our cohort (e.g., enrichment
of severe cases). However, the cohort characteristics
show that many patients had indolent disease (i.e.,
low values of ALP and transaminases). This can be
explained, in some cases, by the diagnostic purpose
of the biopsy in AMA-negative patients and by the
historical experience in viral hepatitis in Italy, which
might have made physicians more prone to stage
chronic disease by liver biopsy. Furthermore, we did
not establish whether repeat VCTE examination in
the grey area would have generated consistent read-
ings. Last, although >40% of patients in our cohort
are overweight, the median BMI is not generalizable
to other populations (e.g., United States) in which
BMI is higher. However, as shown in other stud-
ies, 2% BMI seems to affect more the quality of the
measurement than the measurement itself (stiffness
value) reducing the number of reliable results. When
strictly quality criteria (i.e., >10 valid measurements,
adequate fasting, application of the Boursier criteria,
and availability of XL probe) are applied, providing
reliable reading, the diagnostic accuracy of VCTE is
held in obese patients. Thus, we anticipate that the
cutoffs derived in our study may be applied in other
populations with PBC with greater BMI, although a
larger number of invalid measures are expected.

In conclusion, this study confirms the high appli-
cability of VCTE with a dual cut-off approach in a
naive cohort of patients with PBC at diagnosis, and
demonstrates that LSM readings are not influenced
by BMI and biochemical markers of cholestasis and
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liver inflaimmation. Additional studies are required
to identify alternative methods for disease staging of
patients in the grey area and evaluate LSM progres-
sion after therapy.
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