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Highlights

Endoscopy to screen varices needing treatment can be avoided by non-invasive
markers in a minority of patients. A new LIP test, designed for mains etiologies,
spared 33% of endoscopies in population screening and 54% in individual
screening. A new BLIP test, designed for NAFLD, spared 41% of endoscopies
in population screening and 75% in individual screening. This new strategy,
adapted to clinical practice, should improve screening adherence which is

currently poor.
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Abstract

Background: Several tests have been developed to screen VNT in different screening
settings. We aimed to develop simple estimators to quantify VNT risk and spare endoscopy
while missing <5% of VNT, adapted to different screenings in the main etiologies.

Methods: 2,368 patients with chronic liver disease were included. The main VNT predictors
were platelets, prothrombin index (PI) and LSM. Their interactions led to score construction,
LIP: (LSM*45)/(PI*platelets), and BLIP: BMlI-adjusted LIP in NAFLD. Scores were
categorized either for population (VNT sensitivity >95%) or individual (negative predictive
value >95%) VNT screening.

Results: 1) Scores diagnosing VNT. AUROCs were, PLER: 0.767 Anticipate: 0.773 (p=0.059
vs previous), LIP: 0.779 (p=0.136), PLEASE: 0.789 (p=0.196). 2) Population screening
performance was in increasing order (with missed VNT rate), Bavenog criteria: 23.9% (2.5%),
Anticipate 24.5%, p=0.367 vs previous (3.3%), PLER 27.3%, p<0.001 (3.6%), LIP 33.4%,
p<0.001 (4.2%), PLEASE 35.2%, p=0.006 (3.6%). In NAFLD, LIP 38.6%, BLIP 40.8%,
p=0.038. 3) Individual screening performance was, expanded Bavenog criteria: 42.7%, LIP
54.1%, p<0.001. In NAFLD, performance was, NAFLD-cirrhosis criteria: 66.7%, BLIP
74.6%, p<0.001.

Conclusion: LIP combined simplicity, performance and safety in each etiology. In NAFLD,

BMI-adjusted LIP outperformed other tests.

Words: 250 (<250)

Keywords:

Portal hypertension; oesophageal varices; platelets; liver elastometry; prothrombin time
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INTRODUCTION

The original Baveno VI criteria enabled the wide clinical acceptance of non-invasive tests for
varices needing treatment (VNT) [1]. Baveno VI criteria have several limitations. First,
although largely validated [2-6], their clinical impact has been judged modest, providing a
spared endoscopy rate of only about 20% [3, 7]. Second, two main definitions of missed VNT
are used [8]. One is based on the probability of missing <5% VNT in patients left without
endoscopy. This negative predictive value (NPV) is adapted to an individual screening
strategy. Thus, the expanded Baveno VI criteria [9] and non-alcoholic fatty liver disease
(NAFLD) cirrhosis criteria [10] were constructed only for individual screening. Another
definition is based on the probability of missing <5% VNT in patients with VNT. This
corresponds to VNT sensitivity adapted to a population screening strategy. Some tests were
constructed for individual screening and others for population screening. However, the
screening category needed to be explicitly stated and no study compared the two strategies.
Third, the Baveno VI criteria were originally applied to patients with compensated advanced
chronic liver disease (CACLD) since the rate of unnecessary endoscopies is high in that
setting. However, this selective strategy restricted to CACLD spared less endoscopies than a
global strategy unrestricted by liver severity [11]. Nonetheless, that global strategy must be
secured by avoiding missed VNT in severe CLD. Fourth, Baveno VI criteria and their
derivatives do not estimate VNT probability.

Recently, we proposed two new scores quantifying VNT probability and categorized them in
tests to spare endoscopy [11]. First, the platelets/liver elastometry ratio, called PLER, and the
platelets/liver elastometry ratio adjusted on etiology, sex and INR, called PLEASE. PLER is a
simple test that performs better than the Baveno VI criteria, with a 27% spared endoscopy

rate. The PLEASE test offered a 35% spared endoscopy rate, but its complex formula requires

12



Journal Pre-proof

a specific calculator. Finally, the Baveno VI criteria, Anticipate and the expanded Baveno VI
criteria, had limits in non-viral etiologies [11].

NAFLD is an increasingly predominant etiology. However, previous VNT tests in NAFLD
were limited: tests constructed for population screening performed poorly, whereas NAFLD
cirrhosis criteria provided better performance as they were constructed for individual
screening [10]. We observed however a particular role of platelets and BMI for VNT
prediction in a previous study in NAFLD [12].

Our main objective was to develop a simple bedside test for all main etiologies of chronic
liver disease by combining the advantages of previous tests (performance and secureness) and
avoiding their limits. Our secondary objectives were to a) design and compare this test for
individual and population screenings, b) quantify the VVNT risk, c) refine safety criteria for

missed VNT and c) adapt this test to NAFLD.
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PATIENTS AND METHODS

Participants

In this post-hoc analysis of prospectively collected data, patients' clinical information with
CLD was collected from centres participating in several studies wherein VNT was usually the
main outcome and liver stiffness measurement (LSM) by transient elastography (FibroScan)
was the measurement outcome. The protocol conformed to the Declaration of Helsinki and
received approval from the ethics review boards of all participating centres. All study
participants gave informed consent. Patients included in previously recorded CLD
subpopulations of any main etiology (alcoholic CLD (ALD), NAFLD, hepatitis B or C virus)
were eligible for inclusion if they had undergone an endoscopy to determine oesophageal
varices (EV) size. The four minimum inclusion criteria were a platelet count, successful LSM
by VCTE using the M probe, known EV stage and a maximum delay of six months between
endoscopy and LSM or platelets. The exclusion criteria were complications (ascites,
gastrointestinal bleeding) and interventional treatment for portal hypertension (PHT)
(transjugular intrahepatic portosystemic shunt, band ligation or sclerotherapy of EV) and
incomplete data. Also, patients were included irrespective of LSM values and liver severity
(i.e. non limited to cACLD) to enable a less biased analysis of the VNT subset. Of the 4132
patients across 47 centres (details in [11]) eligible for the study, 2368 were finally included in
the present core population (Figure S1 in Supplementary Material). The included patients
were randomised in derivation (2/3) and validation (1/3) populations with stratification on

VNT and etiology.
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Methods

Data collection

Clinical data - The main clinical data were age, sex, height, body weight and etiology. The
main laboratory data were liver function tests whose prothrombin index (PI), blood cell count
and serum creatinine (measured in each centre). The model for end-stage liver disease
(MELD) score included bilirubin, the international normalised ratio (INR) and creatinine [13].
Endoscopy - Experienced operators performed a standard endoscopy, and EV grades were
recorded.

Liver Stiffness Measurement (LSM) - All LSMs were performed by experienced operators
using vibration-controlled transient elastography (VCTE), specifically M probe-equipped
FibroScan devices (Echosens, Paris, France). Technical characteristics are detailed elsewhere

[14].

Definitions

Objectives - The primary objective was to develop a simple bedside test for all the main
etiologies of chronic liver disease. This new test needed to match the performance and safety
of previously published tests, especially the secureness of our previous platelets/liver
elastometry ratio (PLEASE) test.

Secondary goals included developing a test capable of quantifying VNT risk (probability),
determining cut-offs for individual and population screenings, and adapting the test to the
specifics of NAFLD. Ancillary goals included achieving 100% specificity for VNT and

refining qualitative safety parameters for the missing VNT.
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Outcome - The main outcome was varices needing treatment (VNT), defined as large EV
(grade 2 or 3, i.e. a diameter >5 mm [15]).

Outcome measurements - The primary outcome measurements were the performance (spared
endoscopy rate) and safety (missed VNT rate) of the tests developed. The spared endoscopy
rate was calculated as the ratio between the number of patients with a missed VNT rate <5%
by test and the total number of patients. The missed VNT rate was the ratio of missed VNT on
VNT in population screening or spared endoscopies in individual screening [8]. Considering
the missed rate of <5%, the first definition corresponds to >95% sensitivity. The second
definition, corresponding to >95% NPV, has been used for sormie published tests [9, 10]. The
negative likelihood ratio (LR-) was a secondary outcome measurement (details in
Complementary Material).

Safety criteria - We evaluated three criteria. First, the classical quantitative criterion is a
missed VNT rate <5%. Second, we evaluated the qualitative safety by the level of liver
dysfunction as a function of VNT status. The principle of qualitative safety is to privilege the
test having the lowest liver dysfunction in missed VNT and discard (or limit) a test inducing
missed VNT in severe CLD. Indeed, the incidence and mortality of variceal bleeding grows
with liver severity [16]. Thus, secureness defined a secured test without missed VNT in CLD
with poor liver function (MELD score >10 or INR >1.24) [11] called severe CLD hereafter.
The level of liver dysfunction in missed VNT was called functional safety.

Comparators - The new tests were compared first for population screening: Baveno VI
criteria [1] based on cut-offs of platelets and LSM; Anticipate (a logit function of platelets and
LSM) [17]; and PLER (platelets/LSM ratio) and PLEASE (PLER adjusted to etiology, sex
and INR) [11]. Then, they were compared in the individual screening setting with the

expanded Baveno VI criteria [9] and the NAFLD cirrhosis criteria [10].
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VNT diagnostic estimators - An estimator was called a score when it provided a numerical
variable quantifying precisely the VNT probability. An estimator was called a test when it
was categorized by cut-off(s), resulting in a qualitative variable indicating the VNT
categories.

VNT screening strategies - The characteristics of these screening strategies are summarised in

Table 1.

Score development

Details on score construction in the derivation set are provided in the Supplemental Material.
All etiologies - The (LSM*45)/(PI*platelets) score, called LIPp and simply LIP hereafter,
ranged from 0 to 0.6, with 0.6 expressing the maximum VNT probability. LIP score
distribution as a function of VNT is shown in Figure S2. In the Supplemental Material, we
describe the corresponding LIPng score using INR instead of PI.

NAFLD - We added BMI in the LiP formula to obtain the BLIP score for NAFLD:
(LSM*45*30)/(PI*platelets*BM1). BLIP had a larger subset with >95% VNT sensitivity than

LIP and reached 100% specificity (Figure S3).

Statistics

Quantitative variables were expressed as mean + standard deviation and compared using the
Student t-test or analysis of variance. Qualitative variables were expressed as proportions and
compared using the Chi?2 test or Fisher test when unpaired and the Cochran or McNemar test
when paired. Correlations were measured by the non-parametric Spearman correlation
coefficient (r) and/or parametric Pearson correlation coefficient (r,) when necessary.
Independent VNT predictors were determined by forward binary logistic regression. In the

next step, we systematically tested interactions between the three main predictors: platelets,
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LSM and PI. Models with variable collinearity (r>0.8) were excluded. Data were reported
according to STARD [18] and Liver FibroSTARD [19] statements and analysed on a partial
intention-to-diagnose basis. Thus, all patients were included irrespective of reliability criteria
of VCTE [20] (except in one NAFLD subpopulation [10]). Missing data were not replaced
and patients with unsuccessful examinations (LSM and endoscopy) were not included. Test
performance and safety were internally validated in the validation set and through a 95%
confidence interval (Cl) obtained by bootstrap on 1000 samples in the whole population.
Thus, this was a TRIPOD 2a study [21]. The main statistical analyses were performed using

SPSS version 18.0 (IBM, Armonk, NY, USA).

18
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RESULTS

Patients

The study included 2368 patients with CLD. Because there were no significant differences
between the characteristics of derivation and validation populations (Table S1), the following
results are those of the whole population. Nearly two-thirds of the patients were men. Viral-
related chronic liver disease was the most frequent etiology (50%), then NAFLD (29%) and
alcohol-related (21%). LSMs >10 kPa were observed in 92.8% of patients. The prevalence of
CACLD was estimated at 43.8%. The characteristics as a function of etiologies are reported in

Table S2.

LIP in all etiologies

Scores estimating VNT probability

Score calibration

The LIP [(LSM*45)/(PI*platelets)] score was well calibrated to VNT prevalence: the scatter
plots of LIP.and VNT as a function of LIP percentiles showed the high correlation between
estimated and observed prevalences (Figure 1); and estimated mean prevalence was not
significantly different from the VNT prevalence (14.8% vs 15.2%, p=0.566).

Score discrimination

VNT discrimination by scores was evaluated with AUROC. Figure 2A clearly shows that the
AUROC of the LIP score was significantly higher (p<0.001) than those of its composite
markers (details in Table S3). In the derivation population, the AUROC of the LIP score was

significantly higher than that of PLER (platelets/liver elastometry ratio) (p<0.001) and lower
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than that of PLEASE (PLER adjusted to etiology, sex and INR) score (p=0.015) but not

significantly different from Anticipate (Table 2).

Tests sparing endoscopy

LIP

Figure 2A clearly shows that the LIP score [(LSM*45)/(PI*platelets)] provided a much larger
subset of patients with VNT sensitivity >95%, which corresponds to the spared endoscopy
rate than its composite markers did. The performance and safety of LIP are described in Table
S4. Briefly, considering population (VNT >95% sensitivity) and individual (NPV >95%
sensitivity) screenings, the performance and safety of LIP were not significantly different
between the derivation and validation populations. Therefore, the following results are

presented in the whole population.

Comparison of tests

Figure 2B shows that the LIP score provided a larger subset of patients with VNT sensitivity
>95% than the published tests did, especially vs the PLEASE (PLER adjusted to etiology, sex
and INR) score in contrast with the lesser AUROC. This conferred an endoscopy-sparing
advantage for the LIP score compared to other scores.

Population screening - The spared endoscopy rates were, in increasing order: Baveno VI
criteria: 23.9%, Anticipate: 24.5% (p=0.367 vs previous), PLER (platelets/liver elastometry
ratio): 27.3% (p<0.001), LIP [(LSM*45)/(PI*platelets)]: 33.4% (p<0.001), PLEASE (PLER
adjusted to etiology, sex and INR): 35.2% (p=0.006) (Table 3). Performance comparisons are
detailed in Table S5. All tests were safe with missed VNT rates <5% (non-significant
differences). LR- was excellent (around 0.1) for all tests (Table 3).

Individual screening - The spared endoscopy rates were, in increasing order: expanded

Baveno VI criteria: 42.7%, LIP: 54.1% (p<0.001) (Table 4). The missed VNT rates were 4.0
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vs 5.2%, respectively (p=0.175). However, this putative missed VNT rate at the limit of safety
for LIP due to a higher rate in the validation population (Table S4), was eliminated by the
secureness rule.

Sensitivity analysis

The influence of liver function, etiology, inflammation and LSM reliability are detailed in the
Supplemental Material. Concerning secureness (defined as no missed VNT in MELD score
>10 [11]) in population screening, it was excellent with Baveno VI criteria and LIP (Figure
S4A). Secureness was almost excellent with PLER, PLEASE, and Anticipate, where there
were few patients with missed VNT by MELD score >10. The expanded Baveno VI criteria
and LIP were not secured in individual screening. Indeed, the missed VNT rate was increased
in MELD score >10, more markedly for the expanded Baveno VI criteria than for LIP (Figure
S5A). Considering that a MELD score >10 was a limit for applying LIP to individual
screening, we restricted the use of LIP to patients with MELD scores <10, where its
performance increased to 60.4% vs 54.1% (p<0.001) in the whole population. Then, we
evaluated LIP performance according to the intention to diagnose principle in the whole
population. This means that LIP was replaced by endoscopy in MELD score >10.
Consequently, its performance decreased from 54.1% in “extended” LIP use to 51.0% in the
secured “restricted” individual LIP use (p<0.001) whereas its missed VNT rate became safe at
4.2% (Table S6). The performance of the secured individual LIP was still superior to that of
the secured population LIP (51.0% vs 33.4%, p<0.001) but at the expense of a greater number
of missed VNT. Indeed, the missed VNT rate among VNT was 15.9% (n=57) vs 4.2% (n=15),

respectively, p<0.001.

BLIP in NAFLD
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The BLIP score [(LSM*45*30)/(PI*platelets*BMI)] was well calibrated for VNT probability
(Figure S6). It was more discriminant for VNT than the LIP score, with respective AUROCS
of 0.822 and 0.804, p<0.001. The BLIP test performed better and/or demonstrated better
safety than LIP in population screening (Table S7) and individual screening (Table S8). Thus,
in individual NAFLD screening, the missed VNT rate by LIP was 5.4% in MELD <10 vs
14.3% in MELD >10 (p=0.116). These respective rates were 5.0% vs 4.8% (p=1) by BLIP.
Thus, BLIP was safe, whatever the level of liver dysfunction (but not secured). Likewise, the
respective rates for the NAFLD cirrhosis criteria were 4.3% vs 12.5% (p=0.099). Finally,
BLIP offered a better safety profile than LIP or the NAFLD cirrhosis criteria (Figure S7).
However, the secured BLIP score restricted to MELD <10 increased performance from 74.6%
in all NAFLD to 79.7% (p=0.038). Then, applying the intention to diagnose principle, BLIP
performance decreased from 74.6% in “extended” LIP to 70.8% in the secured “restricted”

individual BLIP (p=0.128) whereas its missed VVNT rate remained safe at 4.8% (Table S9).

Clinical application

All etiologies - First, in population screening, LIP can be applied to all CLD whatever the
liver dysfunction (except in ascites due to elastographic limitation) (Figure 3A). Endoscopy
can be confidently avoided in 33.4% of patients under a LIP score cut-off of around 5%, i.e. a
missed VNT rate <5%. Otherwise, endoscopy is required in the remaining 66.6% of patients.
In individual screening (Figure 3B), LIP must be limited to MELD scores <10, which
securely spared 60.4% of endoscopies. The LIP score can more precisely quantify the VNT
risk. Thus, its PPV can reach a maximum of 46.1%. However, the last two applications should

be applied to populations with estimated VNT prevalences <of 15.2%: this preserves safety as
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predictive values depend on prevalence. We emphasise that this relatively low frequency is
consistent with standard clinical practice.

NAFLD — BLIP [(LSM*45*30)/(PI*platelets*BMI)] is the preferred test since it offers better
safety and performance. Thus, in population screening, BLIP spared 40.8% of endoscopies
(Figure 3C); and in individual screening, BLIP (must be limited to MELD scores <10)
securely spared 79.7% of endoscopies (Figure 3B). The BLIP score can more precisely
quantify the VNT risk. Thus, its PPV can reach a maximum of 100% (Figure 3C).

Practice - Clinical use adapted to every setting is summarised in Figure 4. A simple
exportable calculator (Excel file) is available at

https://uabox.univ-angers.fr/index.php/s/wvZ84PzjM7FVwD6
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DISCUSSION

Originalities - Our large population encompassed a substantial spectrum of characteristics for
evaluating varices needing treatment (VNT) tests in chronic liver disease, including a wide
range of liver function and the three main liver etiologies. Including patients irrespective of
liver severity (except for ascites) had two advantages. First, a few patients had VNT below the
cut-off of 10 kPa used in the original definition of compensated advanced chronic liver
disease (CACLD) [1]. Excluding these patients would have missed more than 5% of VNT, the
limit conceded in the Baveno VI statement. Our inclusion criteria fit better with the recent
CACLD criteria [22]. Second, we have recently shown that a global strategy of non-invasive
VNT screening performs better than a strategy restricted to cACLD, provided the test is
secured, i.e. no missed VNT in severe liver disease [11]. We report two screening strategies,
one developed for individual patient screening and another for population screening. Until
now, safety has been based on a quantitative definition (missed VNT <5%). Here, we would
refine the safety definitions. Two quantitative safety definitions were used (sensitivity and
NPV), and two qualitative criteria were described (no missed VNT in severe liver dysfunction
[11], and a requirement for a low level of liver dysfunction in missed VNT. With regard to
functional safety, we focus in detail on the Supplementary Material. Finally, with this large
population, we could further examine interactions and, consequently, give a better ratio of
VNT markers. LR- is particularly significant in the current context since it represents both
performance and safety in a single descriptor, but its utility is limited to population screening
because LR is dependent on sensitivity and specificity. Finally, we extended the principle of
sparing endoscopies by ruling in VNT thanks to the 100% specificity cut-off.

Main results - The LIP test [(LSM*45)/(PI*platelets)] performed better than the Baveno VI
criteria, Anticipate and PLER (platelets/liver elastometry ratio) in population screening. The

exception was PLEASE (PLER adjusted to etiology, sex and INR), which provided an
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additional 1.8% in the spared endoscopy rate. That weak difference was significant (p=0.006)
knowing the power of a paired test in a large population. However, LIP performed as well as
PLEASE in NAFLD and alcoholic liver disease, and BLIP
[(LSM*45*30)/(PI*platelets*BMI)] was superior to PLEASE in NAFLD. Furthermore, it
should be mentioned that the PLEASE test was not designed for individual screening.

Combining three strong VNT predictors (platelets, LSM, P1) in a single ratio has three notable
advantages. First, a unique VNT risk score can be derived in contrast to rules like the Baveno
VI criteria, where two markers are used separately. Second, the cut-off for a fixed missed
VNT rate is objectively determined and efficiently maximised (Figure S2). Thus, there is only
one possible cut-off, the value of which depends only on the population characteristics.
However, the current comprehensive population in terms of size, etiologies, and liver severity
favours the exportability of a test cut-off from an epidemiological point of view. In
comparison, there is an infinite number of cut-off choices when two or more VNT predictors
are applied independently. Third, the calculation offers greater simplicity, robustness and
performance than a logistic score including the same variables. That increased simplicity can
be observed in the straightforward arithmetic calculation, which does not require a particular
web calculator like the PLEASE score or a nomogram like the Anticipate score. The unique
formula conferred greater robustness without marker coefficients depending on the
population. Furthermore, the AUROC demonstrates superior performance, similar to that of a
logistic score utilising three factors, but with a substantially higher spared endoscopy rate than
the latter (details in Complementary Material). 100% specificity was obtained optionally with
bilirubin to rule in VNT in a few patients of the whole population (details in Complementary
Material) and even with BMI, included in the BLIP test, in more patients with NAFLD. This
specificity level has not been reported previously. BLIP, a test devoted to NAFLD, performed

better than the NAFLD cirrhosis criteria and spared up to 79.7% of endoscopies in individual

25



Journal Pre-proof

screening where it was secured by restricting its use to MELD scores <10. We have shown
that a MELD score cut-off of 8.6 corresponded to the upper cut-off of cCACLD [11].

Which test to use? Due to many constraints, the Baveno VI criteria, the expanded Baveno VI
criteria, and Anticipate must be rejected. This leaves two real competitors: LIP
[(LSM*45)/(PI*platelets)] and PLEASE (platelets/liver elastometry ratio adjusted on etiology,
sex and INR), with the latter outperforming LIP exclusively in viral chronic liver disease. The
higher PLEASE test performance was attributed to its algorithm stratified on sex and etiology;
the PLEASE score discriminated VNT less well than the LIP score (Figure 2B). LIP, on the
other hand, had four benefits. The first was its simplicity and hence bedside usage. The
second benefit of its improved calibration for directly expressing VNT probability was its
exact estimate of VNT risk. Third, LIP gave complete security (in population screening).
Fourth, because it is a score, it is considerably better suited to a personalised strategy than the
PLEASE test, which offers individual and population tests.

Finally, we may discuss two types of tests. On the one hand, there are simple tests like the
Baveno VI, PLER, and LIP criteria, which outperform the others. On the other hand, the two
tests necessitate the use of a specialised calculator: Anticipate (requires at least one
nomogram) and PLEASE/VariScreen. As a result, the decision between the two is determined
by the clinical situation. However, in NAFLD, BLIP had two benefits in population
screening: first, its performance (41%) was superior to PLEASE (37%), and second, it
allowed the diagnosis of VNT.

Which strategy? - The respective advantages and limits of the two possible strategies are
detailed in Table 1. Three limits of the individual screening strategy must be opposed to its
high performance. First, the number of patients with missed varices needing treatment was far
higher (LIP: 18.4% vs 4.2% of VNT). Second, the patients with missed VNT had greater liver

dysfunction (details in Supplemental Material). Third, the performance of the individual
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strategy depends on population prevalence and thus is limited to a VNT prevalence <15%,
although that rate should often be the case considering a global strategy. Therefore, we
privilege population screening [8] as a public health strategy to prevent more deaths from
variceal bleeding. However, individual screening is a personalised option adapted to certain
patients, e.g. particularly reluctant to screening endoscopy (Figure 4). Consequently, its use,
often privileged by clinicians, should be restricted. Finally, this choice is an individual
clinician decision.

Limits - The first category of limits, which has been discussed in depth elsewhere [11],
comprises those inherent to the population. Briefly, these include: the multicentric nature of
the population, implying variability in patient recruitment; the retrospective design but
prospective recording of data; the non-inclusion of grade 1 EV with red signs in VNT
determination; the use of the MELD score (and not clinical complications like in the cACLD
definition) to estimate the influence of liver dysfunction; LSMs obtained with the XL probe
must not be used; and the non-evaluation of certain treatments. The second category of limits
are particular to the present study, 1.e. new tests. First, in population screening, the upper limit
of the 95% CI by bootstrap was slightly above 5% in most tests including LIP. Therefore,
despite reproducible results in the validation set, LIP should be validated in independent
populations. It should be noted that PLEASE, determined in the same derivation set, has been
independently and externally validated despite its more complex formula [23]. We underline
however that robust validation requires large populations (>=400) as previously discussed [8].
Three putative LIP [(LSM*45)/(PI*platelets)] limits merit discussion. First, LIP was adjusted
to etiology. This induced one inconvenience. Indeed, three cut-offs (value around 5%) were
necessary. However, this aspect also allowed us to make the test safe for NAFLD and increase
performance in alcohol-related liver disease compared to a test with a unique cut-off (data not

shown). Alcohol-related liver disease nonetheless remained a challenging etiology for the
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VNT tests. The lower performance of LIP in the alcohol context was due to poor synergy
between LIP variables (as clearly shown in Figure S8A).

Second, in individual screening, LIP safety was 5.2%, albeit this potential restriction was
avoided by limiting LIP usage to MELD scores <10, thereby fulfilling secureness standards.
This restriction resulted in a paradox: performance improved (+6.3%) in the remaining
subgroup but dropped (-3.1%) when the intention to diagnose concept was applied to the
entire population. Finally, the PPV range of the LIP score was 0 to 46.1%, which is rather
narrow. On the other hand, the awareness of a VNT risk of roughly 50% will push patients
and physicians to undergo endoscopy more than the ambiguous risk (5%) offered by standard
binary testing. Notably, in NAFLD, BLIP PPV reached 100% (Figure 3C).

Clinical application - LIP can be used in any patient with stable chronic liver disease,
whatever the liver severity (in population screening) and in the main three etiologies,
especially in the growing setting of NAFLD. However, patients with superimposed acute
hepatitis should be excluded, as LIP is secured in patients with ALT up to 300 IU/I (details in
Supplemental material). The LIP test includes two categories, i.e. missed VNT <5% and >5%.
The VNT risk in that last indeterminate category is quantified by the LIP score (Figure 3).
The clinical limit of LIP is the requirement for FibroScan apparatus, thus excluding ascites.
Otherwise, there is no additional cost associated with LIP in centres where FibroScan is
available. For several reasons, the use of VNT tests will continue even if primary prevention
by non-selective beta-blockers (NSBBs) is extended to all liver complications [24, 25]. This
extension was endorsed in Baveno VII statements [26] which need to be refined [27]. These
reasons include adapting motivation for drug compliance, which is an important clinical
challenge, and managing the contraindications and side effects of those NSBBs [25].
Moreover, the non-invasive criteria of clinically significant portal hypertension still need to be

validated [22, 28]. Furthermore, adherence to screening by patients and primary care
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providers is improved by precise information [29, 30] and a negative perception of the disease
[31]. With that respect, knowledge of the precise VNT risk would be more convincing than
that of conceptual clinically significant portal hypertension.

Finally, physicians can choose between two strategies for LIP: population screening or
individual screening. The latter performs better at the individual level (all etiologies: 54.1% vs
33.4%, NAFLD: 72.6% vs 37.2%) but is less safe from an epidemiological perspective and
should be restricted to patients with MELD scores <10 (70% of the present population).
Conclusion - LIP [(LSM*45)/(PI*platelets)] is a test combining simplicity, performance,
safety and deployability in each major liver disease etiologies. LIP can be used in population
screening regardless of liver severity (except ascites). The combination of LIP and BMI, BLIP
[(LSM*45*30)/(P1*platelets*BMI)] improves efficacy in NAFLD. LIP performance can be

very high for individual patient screening, even in NAFLD with its BLIP version (80%).
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Table 1. Main characteristics of the two strategies for VNT screening.

Strategy = Cut-offs for VNT ruled Advantages Limits

out in
Individual 95% NPV  100%PPV / High performance. Increased number and liver
patient specificity  Easier cut-off determination. dysfunction of missed VNT.

Restricted to MELD <10.
VNT prevalence dependence.
Comparison of missed VNT
rate is less powerful ®.
LR- is not applicable °.
Population  95% 100%PPV / VNT prevalence Cut-offs are less optimistic
sensitivity specificity  independence. since the reference population
The lowest liver dysfuriction is smaller.
in missed VNT.
LR- is a.unique diagnostic

descriptor.

NPV: negative predictive value, PPV: positive predictive value, LR-: negative likelihood ratio
New strategy characteristic developed in the present study is in bold.

& Since using an unpaired statistical test.

® Since LR are based on sensitivity and specificity.
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Anticipate PLER PLEASE LIP
Derivation set:
AUROC (95%Cl) 0.770 0.761 0.798 0.776
(0.740-0.801  (0.731-0.792) (0.770-0.827) (0.747-0.805)
Comparison (p ®):
Anticipate - 0.024 0.007 0.274
PLER - <0.001 <0.001
PLEASE - 0.015
LIP -
Validation set:
0.779 0.779 0.771 0.786

AUROC (95%Cl)
(0.741-0.818)

Comparison (p ?):
Anticipate -
PLER
PLEASE
LIP
Whole population:
AUROC (95%Cl) A
(0.749-0.797)
Comparison (p ?):
Anticipate -
PLER
PLEASE

LIP

(0.740-0.817)

0.913

0.767
(0.743-0.791)

0.059

(0.732-0.810)

0.560
0.586

0.789
(0.766-0.812)

0.061
0.012

(0.748-0.825)

0.286
0.109
0.218

0.779
(0.756-0.803)

0.136
<0.001
0.196

PLER: platelet / liver elastometry ratio, PLEASE: platelet / liver elastometry ratio adjusted on

etiology, sex, INR
& paired Delong test

36



Journal Pre-proof

Table 3. Missed VNT and spared endoscopy rates (%) of tests according to population
screening (sensitivity >95%) in the whole population and as a function of etiology.

B6C Anticipate  PLER PLEASE LIP p?
Whole population:
Missed VNT ° 2.5 3.3 3.6 3.6 4.2 0.469
(0.9-4.3) (1.5-5.5) (1.7-5.6) (1.7-5.6) (2.2-6.1)
Spared endoscopy ° 23.9 245 27.3 35.2 334 <0.001
(22.0-255)  (22.6-26.2)  (25.5-29.0)  (33.1-37.0)  (31.6-35.3)
LR- 0.045 0.118 0.115 0.089 0.114 -
Virus:
Missed VNT 1.1 2.2 3.3 3.9 4.5 0.102
(0.0-2.8) (0.5-4.5) (1.1-6.2) (1.2-6.7) (1.7-8.0)
Spared endoscopy 21.6 25.0 25.9 38.0 34.9 <0.001
(19.2-24.0)  (22.5-27.4)  (23.5-283) (35.3-40.8)  (32.2-37.5)
LR- 0.045 0.078 0.113 0.089 0.112 -
NAFLD:
Missed VNT 7.4 7.4 4.9 3.7 4.9 0.236
(2.3-13.5) (2.4-13.5) (1.1-10.8) (0.0-8.9) (1.1-9.9)
Spared endoscopy 334 28.9 35.3 36.9 37.2 <0.001
(29.7-36.9)  (25.6-325)  (31.6-38.9)  (33.2-40.3)  (33.6-40.6)
LR- 0.201 0.233 0.125 0.089 0.118 -
ALD:
Missed VNT 1.0 2.0 3.0 3.0 3.0 0.573
(0.0-3.3) (0.0-5.0) (0.0-6.9) (0.0-7.0) (0.0-7.0)
Spared endoscopy 16.0 17.2 19.6 25.9 24.7 <0.001
(13.0-19.3) (14.0-205)  (16.2-23.0)  (22.0-29.9)  (20.8-28.4)
LR- 0.051 0.095 0.126 0.095 0.127 -
Comparison between etiologies (p 9):
Missed VNT <0.001 <0.001 <0.001 <0.001 <0.001 -
Spared endoscopy 0.016 0.105 0.774 0.920 0.764 -

B6C: Baveno VI criteria, VNT: varices needing treatment, LR-: negative likelihood ratio.
Results in brackets are 95% CI obtained by bootstrapping based on 1000 samples stratified on
etiology and sex.

% Paired Cochran test

® Each pair comparison: p>0.05 by McNemar test

° Each pair comparison: p<0.001 except for B6C vs Anticipate: p=0.367 and PLEASE vs LIP:
p=0.006 by McNemar test. Other comparisons per etiology in Table S5.

¢ Unpaired Chi2 test for spared endoscopy and likelihood ratio test for missed VNT
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Table 4. Missed VNT and spared endoscopy rates (%) of tests according to individual
screening (NPV >95%) in the whole population and as a function of etiology.

EB6C LIP p?
Whole population:
Missed VNT 4.0[11.1] 5.2 [18.4] 0.175
(2.8-5.1) (4.0-6.4)
Spared endoscopy 42.7 54.1 <0.001
(40.7-44.5) (52.1-55.9)
Virus:
Missed VNT 3.6 [10.1] 5.2 °[19.1] 0.185
(2.0-5.3) (3.6-7.0)
Spared endoscopy 42.1 54.7 <0.001
(39.4-45.0) (51.9-57.5)
NAFLD:
Missed VNT 4.2 [19.8] 5.4 °[33.3] 0.397
(2.4-6.1) (3.6-7.5)
Spared endoscopy 55.8 72.6 <0.001
(52.1-59.7) (69.2-75.8)
ALD:
Missed VNT 4.7 [6.0] 3.8 [5.0] 0.709
(1.5-8.8) (0.8-7.1)
Spared endoscopy 25.9 26.9 0.511
(22.3-30.0) (23.1-30.8)
Comparison between etiologies (p %):
Missed VNT 0.817 0.716 -
Spared endoscopy <0.001 <0.001 -

Figures in squared brackets are missed VNT among VNT (i.e. if cut-offs were applied to
population screening). Results in brackets are 95% CI obtained by bootstrapping based on
1000 samples stratified on etiology and sex.

& Unpaired Chi? test for spared endoscopy and likelihood ratio test for missed VNT

® The value is over the fixed cut-off at 5% but this drawback is circumvented by the
secureness rule limiting individual screening to patients with MELD scores <10.
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FIGURE LEGENDS

Fig. 1. Calibration of the LIP score for VNT risk. Panel A: curve from non-linear
regression (LOWESS) with LIP score per percentile on X axis. Panel B: interpolation curve

with LIP percentile rank (40) on X axis. LIP: (LSM*45)/(PI*platelets); VNT: varices needing

treatment.
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Fig. 2. Discrimination for VNT diagnosis (ROC curves). Panel A: LIP score and its
composite markers with magnification showing the subset sizes with >95% sensitivity. Panel
B: scores evaluated. In both of the figures on the right, the horizontal dashed lines show the
superiority of LIP in sparing endoscopy with a missed VNT rate <5% (population screening).

LIP: (LSM*45)/(PI*platelets); LSM: liver stiffness measurement; VNT: varices needing
treatment; PLER: platelets/liver elastometry ratio; PLEASE: platelets/liver elastometry ratio

adjusted on etiology, sex and INR.

b

:

Sensitivity
Sensitivity
1
i

3
g

L

v [f)
—up —Lp
~—— Platelets ~ Platelets
LSM LSM
0,0 ~— Prothrombin index — Prothrombin index

00 02 o4 06 08 10 05 06 07 s 09 1.0
1 - Specificity 1 - Specificity

A
=

Sensitivity

0.4

PLER
~— PLEASE
—ue

0.0 U‘.l I]jl Il.‘ﬁ ﬂ:ll 10 0,50 035 ll,(‘in Il,'H 0,70
1 - Specificity 1 - Specificity

40



Journal Pre-proof

Fig. 3. LIP and BLIP: performance and safety of tests, and PPV of scores as a function
of screenings. Panel A: LIP for population screening in all etiologies. Panel B: LIP and BLIP
for individual screening. Panel C: BLIP for population screening in NAFLD. Figures within
bars (from the whole population) indicate category prevalence (in white at top) and VNT
prevalence (in black at bottom). BLIP: (LSM*45*30)/(PI*platelets*BMI); LIP:
(LSM*45)/(PI*platelets); MELD: model of end-stage liver disease; NAFLD: non-alcoholic

fatty liver disease; VNT: varices needing treatment; PPV: positive predictive value.
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Individual screening
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Fig. 4. Clinical application of new tests. Population screening is the first line option;
individual screening is a second line option for certain patients (e.g. reluctant to endoscopy).
BLIP is the preferred option in NAFLD.

BLIP: (LSM*45*30)/(PI*platelets*BMI); LIP: (LSM*45)/(PI*platelets); MELD: model of
end-stage liver disease; NAFLD: non-alcoholic fatty liver disease; VNT: varices needing

treatment; NPV: negative predictive value.
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