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Baveno-VII criteria to predict decompensation in 1,159 cACLD
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Study Highlights

« Baveno-VIl criteria can rule in or rule out CSPH among cACLD patients at baseline.

- Baveno-VII criteria have not been validated to predict decompensation and the need for NSBB in cACLD patients.
« The prevalence of CSPH among cACLD patients remained unclear.

« One-third of cACLD patients fulfilled the non-invasive criteria of CSPH.

« While non-invasive assessment of CSPH predicts decompensation risk and the need for NSBB in cACLD patients,
“probable CSPH” is suboptimal to predict decompensation risk in cACLD patients.

« CSPH exclusion criteria might be used to stop NSBB in cACLD patients however further validations are required.
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Background/Aims: The utility of Baveno-VII criteria of clinically significant portal hypertension (CSPH) to predict
decompensation in compensated advanced chronic liver disease (cACLD) patient needs validation. We aim to validate
the performance of CSPH criteria to predict the risk of decompensation in an international real-world cohort of cACLD
patients.

Methods: cACLD patients were stratified into three categories (CSPH excluded, grey zone, and CSPH). The risks of
decompensation across different CSPH categories were estimated using competing risk regression for clustered data,
with death and hepatocellular carcinoma as competing events. The performance of “treating definite CSPH” strategy to
prevent decompensation using non-selective beta-blocker (NSBB) was compared against other strategies in decision
curve analysis.

Results: One thousand one hundred fifty-nine cACLD patients (36.8% had CSPH) were included; 7.2% experienced
decompensation over a median follow-up of 40 months. Non-invasive assessment of CSPH predicts a 5-fold higher risk
of liver decompensation in cACLD patients (subdistribution hazard ratio, 5.5; 95% confidence interval, 4.0-7.4). “Probable
CSPH" is suboptimal to predict decompensation risk in cACLD patients. CSPH exclusion criteria reliably exclude cACLD
patients at risk of decompensation, regardless of etiology. Among the grey zone, the decompensation risk was negligible
among viral-related cACLD, but was substantially higher among the non-viral cACLD group. Decision curve analysis
showed that “treating definite CSPH” strategy is superior to “treating all varices” or “treating probable CSPH” strategy to
prevent decompensation using NSBB.

Conclusions: Non-invasive assessment of CSPH may stratify decompensation risk and the need for NSBB in cACLD
patients. (Clin Mol Hepatol 2023;29:135-145)

Keywords: Portal hypertension; Hypertension, portal; Liver cirrhosis

INTRODUCTION

Compensated advanced chronic liver disease (cACLD) pa-
tients can be risk-stratified based on the presence of clinically
significant portal hypertension (CSPH)," which is defined as
hepatic venous pressure gradient (HVPG) measurement be-
yond 10 mmHg.” In a randomized trial, Villanueva et al.’
showed that non-selective beta-blockers (NSBBs) prevent
decompensation and improve survival in cACLD patients
with HVPG =10 mmHg. Although the Baveno-VIl consensus

recommends NSBB for cACLD patients with CSPH,* contro-
versies remain, especially among virologically-suppressed
cACLD patients, where the decompensation risk is generally
low.*®

Given the invasive nature and logistic challenges to mea-
suring HVPG in every cACLD patient, the non-invasive assess-
ment of CSPH is an important unmet need.” A unifying, non-
invasive diagnosis for CSPH was lacking until the recent
Baveno-VIl consensus.* While the combination of baseline

liver stiffness measurement (LSM) and platelet count (Bave-
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no-VIl criteria) correlates with baseline CSPH,® this proposed
non-invasive assessment of CSPH has not been validated to
predict liver decompensation. In this study, we aimed to vali-
date the performance of the Baveno-VII criteria of CSPH to
predict liver decompensation and the need for NSBB in an in-
ternational real-world cohort of cACLD patients.

MATERIALS AND METHODS

This is a retrospective analysis of cACLD patients identified
via institutional registries of cACLD patients from four coun-
tries (Italy, India, China, and Singapore) between January
2014 and December 2017. We identified cACLD patients
based on institutional transient elastography database from
Singapore, India, and China, regardless of cirrhosis etiology.
The Italy cohort included consecutively treated HCV patients
with available transient elastography results consistent with
the diagnosis of cACLD (LSM =10 kPa). The study was ap-
proved by the respective institutional ethics committees with
waiver of consent granted, and conducted in compliance
with the 1975 Helsinki declaration.

The diagnosis of cACLD was made based on LSM >10 kPa
with supportive features of cirrhosis such as 1) radiological
(nodular liver or irregular liver margin or splenomegaly),
2) histological features of advanced fibrosis or established cir-
rhosis, 3) presence of gastroesophageal varices or 4) HVPG >5
mmHg." Individual chart review was performed for all pa-
tients to confirm the diagnosis of cACLD* and relevant clinical
data were collected using a unified data template. We ex-
cluded patients with a history of liver decompensating
events such as ascites, variceal bleeding or hepatic encepha-
lopathy,” baseline hepatocellular carcinoma (HCC), invalid
LSM, or missing data. Given that treatment of virus-related
cirrhosis is the standard of care for cirrhosis patients, we ex-
cluded patients with untreated virus-related cirrhosis, which
was defined as hepatitis B virus-related cirrhosis without viro-
logical suppression or hepatitis C virus-related cirrhosis with-
out sustained virological response.* We also excluded pa-
tients with significant alcohol intake (30 g/day in males or 20
g/day in females) identified based on electronic medical re-
cords. Given that there is no approved specific treatment for
non-alcoholic steatohepatitis (NASH) cirrhosis, we included
all NASH cirrhosis in our cohort. Finally, we excluded patients
with NSBB usage because NSBB use can reduce decompen-
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sating events in compensated cirrhosis patients with CSPH,
as shown in the PREDESCI (B blockers to Prevent Decompen-
sation of Cirrhosis in Patients with Clinically Significant Portal
Hypertension) trial. Given that our study period predated the
recent Baveno-VII consensus which recommended the wide-
spread use of empiric NSBB to prevent decompensation in
cACLD patients, the treatment of high-risk varices (HRV) was
intended to prevent variceal bleeding (rather than decom-
pensation). The decisions between endoscopic variceal liga-
tion versus NSBB were physician-dependent.

LSM

All transient elastography were performed by certified op-
erators using either M or XL probe, based on the manufactur-
er'’s instruction. LSM was measured as the median of at least
10 successful measurements, expressed in kilopascal (kPa).
LSM was considered unreliable when the interquartile range
(IQR) was beyond 30% of the median LSM value, or when
there were less than 10 successful measurements.

Definition of CSPH

We used the Baveno-VIl criteria to define CSPH (LSM >25
kPa) and exclude CSPH (LSM <15 kPa and platelet >150x10°/L)."
Patients who did not fulfil the inclusion or exclusion CSPH cri-
teria were classified as grey zone. Patients within the grey
zone were further categorized into high probability of CSPH
(defined as LSM between 20-25 kPa and platelet <150x10°/L,
or LSM between 15-20 kPa and platelet <110x10°/L), or low
probability of CSPH (defined as the remaining patients within
the grey zone).!

Study outcomes

Patients were followed-up every 3 to 6 months from the di-
agnosis of cACLD to the onset of first liver decompensation
(variceal bleeding, clinically overt ascites and overt hepatic
encephalopathy), HCC or death, whichever occurred earlier.
Variceal bleeding was confirmed from the endoscopy. Ascites
was defined as clinically overt ascites requiring diuretic treat-
ment. Overt hepatic encephalopathy was defined by West
Haven Classification grade 2 and beyond. We defined liver-
related events as the presence of either liver decompensa-
tion, HCC, or death.

https://doi.org/10.3350/cmh.2022.0181 137



Clinical and Molecular Hepatology
Volume_29 Number_1 January 2023

Statistical analysis

Baseline data were summarized based on CSPH criteria into
three categories, namely CSPH excluded, grey zone and
CSPH (LSM >25 kPa).* Continuous data were reported in
meanzstandard deviation or median with IQR based on nor-
mality of data distribution. Categorical data were summa-
rized by frequency (percentage). Numerical baseline vari-
ables comparisons across the three groups were performed
using the one-way analysis of variance/Kruskal-Wallis rank
test and chi-square/Fisher’s exact tests for categorical vari-
ables. The log-rank test was used to compare the median fol-
low-up times of the three groups.

The risk of liver decompensation was estimated using the
competing risk regression for clustered data, with HCC and
death as competing risks. The corresponding subdistribution
hazard ratio (sHR), 95% confidence interval (95% Cl) and cu-
mulative incidence were reported.” Cumulative incidences of
liver-related events and death were obtained by survival
analysis. Subgroup analysis was performed to determine if
the presence of HRV and etiology influenced the perfor-
mance of CSPH to predict decompensation, liver-related
events and death among cACLD patients.

Univariable and multivariable competing risk regression for

clustered data were conducted to select predictors of liver
decompensation regarding HCC and death as competing
events. Optimal cut-offs of continuous predictors in the final
model were chosen based on the Youden and Liu criteria. All
statistical tests were two-sided with a 5% significance level.
Statistical analysis was performed using STATA/SE version
17.0 (StataCorp LLC, College Station, TX, USA). Decision curve
analysis was performed by R version 4.0.5 (R Foundation for
Statistical Computing, Vienna, Austria).

Decision curve analysis (DCA)

DCA was used to assess the application of various screen-
ing strategies to stratify patients for NSBB to prevent decom-
pensation in real-life settings." DCA evaluates various screen-
ing strategies including (1) treating only HRV, (2) treating all
esophageal varices (given that varices are manifestations of
CSPH), and (3) treating CSPH (diagnosed based on the Bave-
no-Vll non-invasive criteria), in comparison with default strat-
egies of either treating everyone with NSBB, or treating no
patients with NSBB. The net benefit of each strategy was as-
sessed across a range of threshold probabilities, with the area
under the curve corresponding to the estimated benefit of
each strategy to prevent decompensation. Overall, DCA al-

cACLD patients
(n=1,636)

Excluded (n=477)

\ 4

« Incomplete baseline data (n=193)
« No follow-up data (n=110)

« Unreliable LSM (n=98)

« HCC at baseline (n=31)

« Prior decompensation (n=2)

Included for analysis
(n=1,159)

« Uncontrolled primary etiology (n=21)
- Liver transplantation (n=4)
« NSBB for high-risk varices (n=18)
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Figure 1. Consolidated Standards of Reporting Trials diagram. cACLD, compensated advanced chronic liver disease; HCC, hepatocellular carci-
noma; LSM, liver stiffness measurement; NSBB, non-selective beta-blocker; CSPH, clinically significant portal hypertension.
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Table 1. Baseline demographic of study subjects stratified based on the non-invasive diagnosis of clinically significant portal hypertension
CSPH not fulfilled

Variable Total cohort  CSPHexcluded  Greyzone CSPH fulfilled P-value
(n=1,159) (n=140) (n=592) (n=427)

Age (years) 55413 57414 57414 53+12 <0.001
Gender, male 776 (67.0) 89 (63.6) 374 (63.2) 313(73.3) 0.002
Ethnicity <0.001
Caucasian 357 (30.8) 66 (47.1) 207 (35.0) 84(19.7)

Chinese 328 (28.3) 47 (33.6) 165 (27.9) 116 (27.2)

Indian 310 (26.8) 2(1.4) 128 (21.6) 180 (42.2)

Malay 111 (9.6) 20(14.3) 62 (10.5) 29 (6.8)

Arabic 28 (2.4) 2(1.4) 18 (3.0) 8(1.9)

Others 25(2.2) 3(2.0) 12(2.0) 10 (2.3)

Etiology <0.001
Hepatitis B 247 (21.3) 34 (24.3) 127 (21.5) 86 (20.1)

Hepatitis C 650 (56.1) 95 (67.9) 374 (63.2) 181 (42.4)

Alcohol 105 (9.1) 1(0.7) 28 (4.7) 76 (17.8)

NASH 102 (8.8) 4(2.9) 41 (6.9) 57 (13.4)

Others 55 (4.7) 6 (4.3) 22 (3.7) 27 (6.3)

MELD score 8+3 7£1 8+3 9+3 <0.001
Child-Turcott-Pugh score 5.2+0.6 5.0+0.2 5.1+0.4 5.4+0.7 <0.001
LSM (kPa) 23.8+12.2 12.3+£1.3 17.9+3.7 35.7£124 <0.001
Fibrosis-4 4.4+3.6 2.1+1.1 44+34 5.3+4.1 <0.001
Laboratory parameters

Albumin (g/L) 40+5 43+4 41£5 38+6 <0.001
Bilirubin (umol/L) 19£15 14+8 1711 24+19 <0.001
ALT (umol/L) 77+63 7562 79+65 73162 0.368
Platelets (x10°/uL) 141£66 205+49 138164 125162 <0.001
Platelet count (x10°/uL) <0.001

<150 708 (61.1) 0(0.0) 408 (68.9) 300 (70.3)
=150 451 (38.9) 140 (100.0) 184 (31.1) 127 (29.7)

INR 1.09+0.14 1.03£0.08 1.07+£0.13 1.14£0.14 <0.001
Creatinine (umol/L) 68 (57-80) 69 (58-80) 69 (58-83) 66 (56-80) 0.162
Esophageal varices

No varices 641 (60.7) 88(82.2) 367 (69.0) 186 (44.6) <0.001
Low-risk varices 357 (33.8) 19 (17.8) 140 (26.3) 198 (47.5) <0.001
High-risk varices 58(5.5) 0(0.0) 25(4.7) 33(7.9) 0.003
Follow-up time (months) 40 (30-52) 44 (34-53) 40 (31-52) 39 (30-50) 0.010

Values are presented as meantstandard deviation, median (interquartile range), or frequency (%).
CSPH, clinically significant portal hypertension; MELD, Model of End-stage Liver Disease; LSM, liver stiffness measurement; ALT, alanine
aminotransferase; INR, international normalized ratio.
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lows objective assessment of the number of additional pa- RESULTS

tients experiencing decompensation for every patient treat-

ed with NSBB using various screening strategies. Further  Baseline characteristics
details of DCA are described in Supplementary Material 1.

A total of 1,159 cACLD patients were included and the Con-
solidated Standards of Reporting Trials diagram was summa-
rized in Figure 1. The cohort was predominantly male with
virus-related cirrhosis (77.4%) with Child-Turcott-Pugh (CTP)

Liver decompensation Liver-related events Death
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CSPH category sHR(95%Cl)  P-value CSPH category HR (95% Cl) P-value CSPH category HR (95% ClI) P-value
Excluded 0 NA Excluded Reference - Excluded Reference
Low probability Reference o Low probability 2.2(0.9-4.8) 0.06 Low probability 2.0(0.4-8.9) 0.38
High probability 1.3 (0.9-1.8) 0.06 High probability ~ 1.8(0.8-4.4) 0.16 High probability 3.2 (0.7-14.9) 0.14
CSPH 5.5 (4.0-7.4) <0.01 CSPH 3.9(1.8-8.4) <0.01 CSPH 4.6 (1.1-19.6) 0.04

Figure 2. Clinical outcomes according to the non-invasive diagnosis of clinically significant portal hypertension in compensated advanced
chronic liver disease patients. Liver decompensation was defined as the presence of ascites, variceal bleeding and hepatic encephalopathy.
Liver-related events was defined as the presence of liver decompensation, hepatocellular carcinoma or death. CSPH, clinically significant portal
hypertension; sHR, subdistribution hazard ratio; Cl, confidence interval; NA, not applicable.

Table 2. Cumulative incidence of liver-related events stratified based on non-invasively assessed clinically significant portal hypertension status

No. of events (cumulative incidence %) at 3-year

Category - - - + +
Liver decompensation* Liver-related events All-cause death
CSPH excluded (n=140) 0(0.0) 7 (5.0) 2(1.4)
Grey-zone (n=592) 10 (2.6) 43 (11.3) 11 (2.9)
Low probability of CSPH 8(3.7) 21 (10.0) 9(4.2)
High probability of CSPH
CSPH (n=427) 59(13.8) 82(19.2) 25(5.8)

Definition of CSPH category: CSPH, defined as liver stiffness measurement (LSM) =25 kPa; CSPH excluded, defined as LSM <15 kPa and
platelet count >150; grey-zone, patients who did not fulfilled non-invasive criteria to diagnose or exclude CSPH; high probability of CSPH,

defined as LSM 20-25 kPa & platelet count <150, or LSM 15-20 kPa & platelet count <110x10°/L; low probability of CSPH, other patients
within the grey zone.

CSPH, clinically significant portal hypertension.

*Cumulative incidence was calculated based on competing risks regression for clustered data with hepatocellular carcinoma and death as
competing risks.

'Cumulative incidence was calculated based on Cox regression with shared frailty.
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class A (95.0%); 10.3% had body mass index >30 kg/mz. Bave-
no-VIl criteria stratified cACLD patients into three categories,
namely CSPH (36.8%), grey zone (51.1%) and CSPH excluded
(12.1%). Patients with CSPH had more advanced liver disease
(higher CTP score, higher Model of End-stage Liver Disease
score, higher bilirubin, lower albumin and lower platelet
count), higher mean LSM and Fibrosis-4 score than those
without CSPH (P<0.001 for all) (Table 1). The details of each
cohort stratified by study sites were summarized in Supple-
mentary Table 1.

Non-invasive diagnosis of CSPH and
decompensation

Over a median (IQR) follow-up of 40 months (30-52), 83
patients (7.2%) developed liver decompensation, 67 patients
(5.8%) had de-novo HCC, 51 patients (4.4%) died, and none
received liver transplantation. The commonest decompen-
sating event was ascites, followed by variceal bleeding and
hepatic encephalopathy (Supplementary Table 2). None of
the 140 patients (12.1%) fulfilling the exclusion criteria for
CSPH developed liver decompensation.

CSPH patients had a higher risk of liver decompensation,
liver-related events and death when compared to those

Viral-related
50
— CSPH category
X -
S 409 —— — Excluded
] Low probability
g 30 — = High probability
o — s
S CSPH
£
g 20
=l
)
=
£ 107
=
v
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Follow-up time (months)

CSPH category sHR (95% ClI) P-value
Excluded Reference

Low probability 0 NA
High probability 5.4 (1.0-27.8) 0.04
CSPH 279 (4.2-183.3) <0.01

Cumulative incidence (%)
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without CSPH (Fig. 2, Supplementary Table 3). The risk of liver
decompensation was low among patients within the grey
zone, regardless of whether they had a high or low probabili-
ty of CSPH based on non-invasive criteria (Table 2). After ex-
cluding subjects with HRVs, these findings remained the
same (Supplementary Fig. 1).

Predictors of liver decompensation were the presence of
CSPH (sHR, 2.48 [1.35-4.55]; P=0.003), non-viral related cir-
rhosis (sHR, 3.25 [1.83-5.76]; P<0.001], international normal-
ized ratio (INR) >1.1 (sHR, 2.08 [1.14-3.80]; P=0.017), and albu-
min <37 g/L (sHR, 3.38 [1.83-6.25]; P<0.001) (Supplementary
Table 4). Application of the “Rule-of-five” in our cohort dem-
onstrate an incremental risk of liver decompensation, with
LSM >25 kPa significantly associated with a higher risk of liver
decompensation (Supplementary Table 5).

Subgroup analysis by etiology

Given that non-virus-related cirrhosis has a higher risk of
decompensation, we performed a subgroup analysis based
on etiology. The exclusion criteria of CSPH performed well in
excluding patients at risk of decompensation, regardless of
the underlying etiology of cirrhosis. Similarly, the presence of
CSPH also predicts a higher risk of decompensation com-

Non viral-related
50

40+

Follow-up time (months)

CSPH category sHR(95%CI)  P-value
Excluded Reference

Low probability 0 NA
High probability 1.0 (0.6-1.5) 0.8
CSPH 1.5(1.3-1.9) <0.01

Figure 3. Cumulative incidence of decompensation based on etiology (virus-related vs. non-viral related). The 3-year cumulative incidence of
decompensation among non-virus-related cACLD (CSPH excluded, 0%; low probability, 15.0%; high probability, 14.3%; CSPH, 22.2%) was high-
er than virus-related cACLD patients (CSPH excluded, 0%; low probability, 0.3%; high probability, 1.8%; CSPH, 9.0%). CSPH, clinically significant
portal hypertension; sHR, subdistribution hazard ratio; Cl, confidence interval; NA, not applicable; cACLD, compensated advanced chronic liver

disease.
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0.05
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0.00+

Models
Treatall
Treat none
— Treat fefinite CSPH
— Treat probable CSPH
Treat all esophageal varices

Treat high-risk varices only

0.0 0.1

0.2

Threshold probability

Figure 4. Decision curve analysis demonstrating the benefit of initiating non-selective beta-blocker based on various strategies such as treat-
ing “high-risk varices” (pink), “all esophageal varices” (red), “treat definite CSPH” (green), “treat probable CSPH" (turquoise) and “treat none”
(brown), across different threshold risk of annual decompensation. The area under the curve between different lines and the brown line (treat
none) reflect the estimated benefit of each treatment strategy. At a treatment threshold between 5-10% of decompensation rate, treating
“definite CSPH” is the best strategy to initiate non-selective beta-blocker to prevent decompensation. CSPH, clinically significant portal hyper-

tension.

pared to those with CSPH excluded (Fig. 3). The 3-year cumu-
lative incidence of decompensation among non-virus-related
cACLD (CSPH excluded, 0%; low probability, 15.0%; high
probability, 14.3%; CSPH, 22.2%) was higher than virus-relat-
ed cACLD patients (CSPH excluded, 0%; low probability, 0.3%;
high probability, 1.8%; CSPH, 9.0%).

While the decompensation risk between the grey zone and
those with CSPH excluded were similar among virus-related
cACLD patients, such risk was substantially higher among
non-viral cACLD patients within the grey zone. Among cA-
CLD patients within the grey zone, there were no differences
observed between patients with a low or high probability of
CSPH, regardless of the underlying etiology (Fig. 3). The pre-
dictors of decompensation among patients in grey zone
were the etiology of liver cirrhosis, INR, albumin and bilirubin
(Supplementary Table 6).

Decision curve analysis

Using the treatment threshold derived from our cohort
(between 5-10% decompensation rate at 5 years), “treating
definite CSPH” strategy is superior to “treating probable
CSPH” and “treating any varices” strategy to initiate NSBB.
This is demonstrated by the largest area under the curve by
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adopting “treating definite CSPH” strategy. The number
needed to treat for CSPH-based strategy was 27 and 50, at
treatment thresholds of 5% and 10%, respectively (Fig. 4,
Supplementary Table 7).

DISCUSSION

This international multicenter study demonstrates that
non-invasive assessment of CSPH predicted liver decompen-
sation in a large cohort of cACLD patients. Baveno-VII criteria
reliably exclude CSPH, complementing earlier study by Ripoll
et al.” showing a negligible risk of liver decompensation in
patients with HVPG below 10 mmHg. CSPH was present in
one-third of cACLD patients, and was associated with a five-
fold higher risk of liver decompensation. Moreover, our DCA
further supports the strategy of initiating NSBB in patients
with CSPH to prevent liver decompensation, which is in line
with an earlier randomized trial’ and meta-analysis” support-
ing the use of carvedilol in preventing liver decompensation.

Compared to the seminal PREDESCI study, our cohort had a
lower 5-year decompensation risk than the seminar PRE-
DESCI study (7.9% vs. 20%, P<0.001) because the majority of
the HCV-related cirrhosis patients from the PREDESCI cohort
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were untreated, and only 37% of our cohort had CSPH.2
While one may argue that virological suppression would
have modified the natural course of CSPH in virus-related cir-
rhosis, our findings reflect the real-world setting where viro-
logical suppression is now an achievable standard of care in
virus-related cACLD patients following the introduction of
high-efficacious, pangenotypic direct-acting antiviral treat-
ment.” Moreover, our decompensation rate was consistent
with recent studies demonstrating a relatively low risk of de-
compensation among virologically-suppressed cACLD pa-
tients.”*"

Despite the heterogeneous risk of CSPH, we found the risk
of liver decompensation in patients within the CSPH grey
zone remained similar, irrespective of the underlying etiology
of cirrhosis. The Baveno-VII consensus defined patients with-
in CSPH “grey zone” as having either LSM between 20-25
kPa and platelet <150x10°/L (defined as high probability of
CSPH in our study), or LSM between 15-20 kPa and platelet
<110x10°/L (defined as low probability of CSPH in our study).
While these patients had “at least” 60% predicted risk of
CSPH, the observed risk of CSPH within the ANTICIPATE” co-
hort ranges from 57% to 78.5% in cACLD patients with low or
high probability of CSPH, respectively. In other words, the di-
agnosis of CSPH grey zone may not be accurate in up to 43%.
This heterogeneity in baseline decompensation risks can in-
fluence the treatment magnitude of NSBB in terms of abso-
lute risk reduction and number needed to treat, thus making
the diagnosis of “CSPH grey zone” unfavourable to be used
as selection criteria to initiate NSBB in cACLD patients. In our
cohort, the etiology of liver cirrhosis, serum INR, albumin and
bilirubin correlates with the risk of liver decompensation in
patients within CSPH grey zone (Supplementary Table 6). A
recent study by Dajti and colleagues'® demonstrated that
spleen stiffness can reduce the proportion of patients within
the CSPH grey zone. Further studies are required to validate
the performance of spleen stiffness to stratify decompensa-
tion risk in patients with the CSPH grey zone.

Unlike virus-related cACLD whereby only patients with
CSPH are at a higher risk of decompensation, a higher risk of
decompensation was observed in non-virus-related cACLD
patients with CSPH, as well as those within the grey zone.
The exact reasons cannot be elucidated due to the relatively
small proportion of non-virus-related cACLD in the current
study. However there were several postulations: 1) the lack of
definitive treatment for NASH cirrhosis may predispose these
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patients to an increased risk of disease progression and de-
compensation, 2) the potential difference in the natural his-
tory between NASH and virus-related cACLD, where the for-
mer may experience clinical decompensation at a lower
portal pressure,” and 3) unreported ongoing alcohol drink-
ing, which may contribute to a higher risk of decompensa-
tion among alcoholic liver cirrhosis. Given the risk of decom-
pensation is substantially higher in non-virus-related cACLD
patients within the grey zone, one should remember that the
decompensation risk is a continuous spectrum, therefore
over-reliance on specific cut-off may potentially oversimplify
the risk prediction in cACLD patients.

The expanding treatment indication of NSBB from prevent-
ing variceal bleeding to preventing decompensation repre-
sents a paradigm shift in the management of cACLD patients.
While the Baveno-VI criteria could safely reduce the need for
screening gastroscopy, it was unclear if this may represent a
missing opportunity to identify cACLD patients with small
esophageal varices for NSBB. While the risk of variceal bleed-
ing is generally small in these patients, we demonstrated
that the presence of small esophageal varices was associated
with a higher risk of liver decompensation in our previous
study.” In this regard, decision curve analysis showed that
the “treating all esophageal varices” strategy is superior to
“treating only HRV” strategy to prevent decompensation.
However, even with routine endoscopy, CSPH may be pres-
ent in those without esophageal varices. Indeed, decision
curve analysis showed that the best strategy to prevent de-
compensation is not treating “probable CSPH” or “treating all
esophageal varices”, but “treating definite CSPH strategy” in-
stead (Supplementary Table 7). The strategy of treating defi-
nite CSPH strategy may prevent more decompensating
events, at the same time mitigate the need for routine
screening endoscopy among cACLD patients. In other words,
the “treat definite CSPH” strategy may have significant im-
pacts on resource allocation and carbon emission, given that
endoscopy is the third-largest generator of carbon emission
within healthcare.”

The strengths of our study include the multicentre design
with a relatively large sample size. We validated the perfor-
mance of non-invasive Baveno-VIl criteria using the compet-
ing risk analysis to account for multiple competing outcomes
among cirrhosis patients, where the occurrence of an event
could preclude (death) or modify (HCC or non-hepatic co-
morbidities) the probability of liver decompensation. Our
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findings provide a pragmatic estimation of the decompensa-
tion risk, given that most virus-related cirrhosis patients
would have been treated with antiviral in a real-world set-
ting.” Given the negligible risk of decompensation, NSBB is
unlikely beneficial in patients whose CSPH were excluded
based on Baveno-VIl criteria. Prospective validation will help
to understand if this criterion may be used to withdraw NSBB
in cACLD patients with primary etiology controlled.

Our study has limitations. Due to the retrospective nature
of our study, it is not possible to ensure alcohol abstinence in
all subjects as we lack objective tests such as phosphatidyl-
ethanol to assess for alcohol intake. While the non-viral etiol-
ogy was identified as one driving factor of liver decompensa-
tion, controlled or cured etiology may likely have contributed
to a higher decompensation risk in alcohol-related cACLD
(9.1%) as compared to virus-related cACLD patients. We ac-
knowledged that variceal ligation may reduce the incidence
of variceal bleeding in patients with HRVs. However, variceal
ligation should not influence the incidence of other decom-
pensating events such as ascites or hepatic encephalopathy,’
and our findings remained consistent after excluding sub-
jects with HRVs (Supplementary Fig. 1). We did not account
for radiological evidence of CSPH, such as portosystemic
shunts, which may potentially under-estimate the prevalence
of CSPH in this cohort. We acknowledge that there is variabil-
ity in patients’ characteristics and clinical practice across dif-
ferent institutions, which may potentially influenced our re-
sults. Our findings remained robust for all key outcomes (liver
decompensation, liver-related events and death) after adjust-
ing our analysis by clusters (Fig. 2, Supplementary Table 7).
Finally, the application of our findings should also consider
the confounders of LSM (obesity, liver congestion or operator
experience) and adverse effects of NSBB.

In summary, the non-invasive assessment of CSPH predicts
a 5-fold higher decompensation risk in cACLD patients. Our
findings support the use of Baveno-VII criteria of CSPH (i.e.,
LSM >25 kPa) to initiate NSBB in cACLD patients. While the
risk of decompensation is low among virus-related cACLD
fulfilling exclusion criteria of CSPH (LSM <15 kPa and platelet
count >150), HCC surveillance should still be continued in
these patients. Future studies should focus on identifying
disease-specific thresholds to rule in or rule out CSPH follow-
ing primary etiology suppression.
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