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Highlights
® [n those with Child-Pugh B cirrhosis and acute variceal

bleeding, CLIF-C AD score could predict survival benefit
from pre-emptive TIPS.

® Active bleeding at endoscopy was associated with
increased mortality in individuals with Child-Pugh B8-9
(but not B7) cirrhosis.

® Pre-emptive TIPS improves survival in individuals with
Child-Pugh B8-9 cirrhosis and active bleeding at
endoscopy.

® CLIF-C AD score is superior to active bleeding + Child-Pugh
B8-9 to predict survival benefit with preemptive TIPS.

https://doi.org/10.1016/j.jhepr.2022.100621

Impact and implications

In this study, among individuals with Child-Pugh B
cirrhosis and acute variceal bleeding, the CLIF-
Consortium acute decompensation (CLIF-C AD) score
could predict the survival benefit from pre-emptive TIPS,
with patients with higher CLIF-C AD scores benefiting
more from pre-emptive TIPS. Furthermore, the CLIF-C AD
score outperformed the Child B8-9 plus active bleeding
criteria in terms of discriminating between those who
obtained more benefit vs. less benefit from pre-emptive
TIPS. Depending on prospective validation, the CLIF-C
AD score could be used as the model of choice to deter-
mine who should undergo pre-emptive TIPS.
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Background & Aims: Among individuals with Child-Pugh B cirrhosis and acute variceal bleeding (AVB), the Baveno VII
workshop recommended pre-emptive TIPS in those with a Child-Pugh score of 8-9 and active bleeding at initial endoscopy
(Child B8-9 + AB criteria). Nevertheless, whether this criterion is superior to the CLIF-Consortium acute decompensation score
(CLIF-C ADs) remains unclear.

Methods: Data on 1,021 consecutive individuals with Child-Pugh B cirrhosis and AVB from 13 university hospitals in China
who were treated with pre-emptive TIPS (n = 297) or drug plus endoscopic treatment (n = 724) between 2010 to 2019 were
retrospectively analysed. A competing risk regression model was used to compare the outcomes between the two groups after
adjusting for confounders. The concordance-statistic for benefit (c-for-benefit) was used to evaluate a models’ ability to
predict treatment benefit (risk difference between treatment groups).

Results: Pre-emptive TIPS was associated with reduced mortality compared to drug plus endoscopic treatment (adjusted
hazard ratio 0.62, 95% CI 0.44 to 0.88). A higher baseline CLIF-C AD score was associated with greater survival benefit (i.e.,
larger absolute mortality risk reduction). After adjusting for confounders, a survival benefit was observed in individuals with
CLIF-C ADs 248 or Child-Pugh B8-9 with active bleeding, but not in those with CILF-C ADs <48, no active bleeding or Child-
Pugh B7 with active bleeding. The c-for-benefit of CILF-C ADs for predicting survival benefit was higher than that of Child B8-
9+AB criteria.

Conclusions: In individuals with Child-Pugh B cirrhosis and AVB, CLIF-C ADs predicts survival benefit from pre-emptive TIPS
and outperforms the Child B8-9+AB criteria. Prospective validation should be performed to confirm this result, especially for
other aetiologies of cirrhosis.

Impact and implications: In this study, among individuals with Child-Pugh B cirrhosis and acute variceal bleeding, the CLIF-
Consortium acute decompensation (CLIF-C AD) score could predict the survival benefit from pre-emptive TIPS, with patients

with higher CLIF-C AD scores benefiting more from pre-
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emptive TIPS. Furthermore, the CLIF-C AD score out-
performed the Child B8-9 plus active bleeding criteria in
terms of discriminating between those who obtained more
benefit vs. less benefit from pre-emptive TIPS. Depending on
prospective validation, the CLIF-C AD score could be used as
the model of choice to determine who should undergo pre-
emptive TIPS.
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Introduction

Acute variceal bleeding (AVB) is the most life-threatening
complication of cirrhosis.! Despite improvements in the man-
agement of AVB in the past three decades, it is still associated
with significant mortality. Studies have suggested that the risk of
mortality varies widely among individuals with AVB. Thus, risk
stratification and tailoring the therapeutic strategy to the ex-
pected risk is a reasonable approach.'~* This approach is espe-
cially relevant now that several studies have demonstrated that
“early” use of transjugular intrahepatic portosystemic shunt
(TIPS) as a “pre-emptive strategy” leads to a significant
improvement in survival of individuals with AVB at high risk of
treatment failure.>”® However, while the survival benefit asso-
ciated with pre-emptive TIPS is clear in patients with Child-Pugh
C (<14 points) cirrhosis,”*!° its role in those with Child-Pugh B
cirrhosis remains a matter of debate.””

Currently, the only available risk stratification tool for Child-
Pugh B cirrhosis is active bleeding at endoscopy despite intra-
venous vasoactive drug therapy. However, active bleeding at
endoscopy has been criticised for overestimating the risk of
death in individuals with Child-Pugh B cirrhosis and because of
its subjectivity'*~'®, A recent meta-analysis of individual patient
data suggested that only individuals with Child-Pugh scores of 8-
9 and active bleeding at endoscopy (Child B8-9+AB criteria) are
at high risk of death and can derive survival benefit from pre-
emptive TIPS.” Based on this finding, the Baveno VII workshop
recommend use of pre-emptive TIPS in those with Child-Pugh 8-
9 cirrhosis and active bleeding at initial endoscopy.” On the
other hand, a study from our team showed that the Chronic Liver
Failure-Consortium acute decompensation score (CLIF-C ADs)
was more accurate than active bleeding at endoscopy for pre-
dicting short-term and long-term mortality in individuals with
Child-Pugh B cirrhosis and AVB.!® Furthermore, risk stratification
using CLIF-C ADs with cut-off values of 48 and 56 identifies a
subgroup with high risk of death that may benefit from pre-
emptive TIPS.'® Nonetheless, it remains unclear whether Child
B8-9+AB criteria is superior to CLIF-C ADs for predicting the
treatment benefit from pre-emptive TIPS.

Therefore, we performed the present analysis to compare the
CLIF-C ADs with Child B8-9+AB criteria and active bleeding at
endoscopy for predicting the treatment benefit from pre-
emptive TIPS.

Patients and methods

Study design and patients

We retrospectively included consecutive patients with cirrhosis
who were admitted for AVB at six tertiary academic hospitals in
China (Xijing Hospital, First Affiliated Hospital of Nanchang
University, First Affiliated Hospital of Xi'an Jiaotong University,
Nanfang Hospital of Southern Medical University, First Affiliated
Hospital of Zhejiang University and First Affiliated Hospital of
Soochow University) from June 2016 to December 2019. To in-
crease the statistical power and effect size, the already collected
individual data from two published studies were combined with
current cohort data. The first study® was a multicentre obser-
vational study in which consecutive patients with cirrhosis and

AVB were treated with drug plus endoscopic treatment or (early)
pre-emptive TIPS at 12 tertiary academic hospitals in China from
December 2010 to June 2016. The second study® was a rando-
mised controlled trial (RCT, NCT01370161), in which eligible in-
dividuals with cirrhosis and AVB were randomly assigned (2:1)
to receive (early) pre-emptive TIPS or drug plus endoscopic
treatment between June 2011 and September 2017. The ethics
committees of all participating hospitals approved the study
protocol and all participants included in the study provided
written informed consent.

The inclusion criteria for the present study were: (i) diagnosis
of cirrhosis (based on clinical signs, laboratory, and imaging tests
or liver biopsy); (ii) admission due to AVB confirmed by endos-
copy according to Baveno VI definitions;? (iii) with a liver func-
tion of Child-Pugh B class (7-9 points). Patients were excluded if
they fulfilled any of the exclusion criteria of the early TIPS trial:°
age more than 75 years, hepatocellular carcinoma that did not
meet the Milan criteria, a creatinine level >3 mg/dl (265 pmol/L),
bleeding from isolated gastric or ectopic varices, complete portal
vein thrombosis, recurrent hepatic encephalopathy, heart failure,
previous liver transplantation and previous TIPS.

Pre-emptive TIPS was defined as placement of covered TIPS
within 72 h of admission as preventive therapy prior to recurrent
bleeding after a combination of vasoactive drugs, prophylactic
antibiotics and endoscopic band ligation (EBL).>%'° Rescue TIPS
was defined as TIPS placement as a salvage therapy for uncon-
trolled bleeding despite the use of a combination of intensive
pharmacologic and endoscopic treatment.>®!?

Therapeutic interventions

All patients were initially treated with a combination of vaso-
active drugs and prophylactic antibiotics and EBL. Afterwards,
patients received either pre-emptive TIPS (performed within
72 h after admission [pre-emptive TIPS group]) or drug plus
endoscopic treatment (vasoactive drugs continued to day 5,
followed by non-selective beta-blockers [NSBBs] plus EBL for the
prevention of rebleeding, with TIPS as rescue therapy when
needed [medical group]). In the previous observational study®
and the current cohort, whether to offer pre-emptive TIPS or
drug plus endoscopic treatment was based on the individual
centre policy and the treating physician’s opinion. In the RCT,°
the treatment of pre-emptive TIPS or drug plus endoscopic
therapy for a patient was randomly allocated based on a secure
web-based randomisation system.

All patients were followed-up to death, liver transplantation,
until 1 year, or the end of study (December 30, 2021). The time of
admission to hospital was considered the time zero for the
follow-up. All prognostic variables were recorded and calculated
within the first 24 h after admission.

Outcome and definitions

The primary endpoint for the analysis was 1-year mortality. The
secondary endpoints were further bleeding (a composite
outcome of failure to control acute bleeding or rebleeding
defined according to the Baveno VI consensus,” and the devel-
opment of overt hepatic encephalopathy (OHE, diagnosed and
graded according to the West-Haven criteria®®) at 1 year.
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Table 1. Baseline characteristics and outcomes of participants (N = 1,021).

Variable Medical (n = 724) p-TIPS (n = 297) p value
Age (years) 526 +12.4 534 +121 0.364"
Female sex, n (%) 207 (28.6%) 115 (38.9%) <0.001°
Aetiology of cirrhosis, n (%) <0.001°

Chronic HBV infection 438 (60 5%) 188 (63.3%)

Chronic HCV infection 8 (3.9%) 20 (6.7%)

Alcohol (10 4%) 12 (4.0%)

Others 72 (9.9%) 33 (11.1%)

Miscellaneous 74 (10.2%) 40 (13.5%)

Cryptogenic 37 (5.1%) 4 (1.3%)
HBV DNA detectable, n (%) 324 (44.8%) 107 (36.0%) 0.012°
Child-Pugh score 7.6 £ 0.7 78 +0.8 0.015"

7 347 (47.9%) 119 (40.1%)

8 258 (35.6%) 109 (36.7%)

9 119 (16.4%) 69 (23.2%)
MELD score 121 +£34 125 +3.2 0.110%
CLIF-C AD score 458 + 89 457 + 89 0.839"
CLIF-C ADs 48-56 0.966°

<48 432 (59.7%) 175 (58.9%)

48-56 213 (29.4%) 89 (30.0%)

>56 79 (10.9%) 33 (11.1%)
Child B 8-9+AB criteria’ <0.001°

Low risk 615 (84.9%) 212 (71.6%)

High risk 109 (15.1%) 84 (28.4%)
Active bleeding at endoscopyf, n (%) 192 (26.5%) 131 (44.1%) <0.001°
Location of varices at index gastroscopy, n (%) 0.092°

Oesophageal varices only 508 (70.2%) 192 (64.6%)

Oesophageal and gastric varices 216 (29.8%) 105 (35.4%)
Size of varices (large), n (%) 678 (93.6%) 274 (92.3%) 0.496°
Previous variceal bleeding, n (%) 392 (54.1%) 201 (67.7%) <0.001°
Previous hepatic encephalopathy, n (%) 20 (2.8%) 12 (4.0%) 0.381°
Previous ascites, n (%) 151 (20.9%) 100 (33.7%) <0.001°
Hepatic encephalopathy at admission, n (%) 18 (2.5%) 15 (5.1%) 0.055°
Ascites at admission, n (%) <0.001°

Mild 306 (42.3%) 131 (44.1%)

Moderate 124 (17.1%) 67 (22.6%)

Massive 41 (5.7%) 24 (8.1%)
White blood cell ( x 10° cell/L) 7150 6.2+43 0.013"
Haemoglobin (g/L) 76.4 £ 215 74.4 £19.1 0.158"
Platelet count ( x 10%/L) 814 + 572 74.3 + 58 0.073"
International normalised ratio 1403 1505 <0.001"
Albumin (g/L) 28 +49 204 + 47 <0.001"
Bilirubin (mg/dl) 1.6 £ 14 1.6+ 1.1 09117
Creatinine (mg/dl) 09+04 08+03 0.110*
Sodium (mmol/L) 13865 137.7 £ 5.8 0.011°
Comorbidities*, n (%) 172 (23.8%) 70 (23.6%) 1.000°
Hepatocellular carcinoma, n (%) 23 (3.2%) 11 (3.7%) 0.808°
Portal vein thrombosis, n (%) 110 (15.2%) 51 (17.2%) 0.475°
Heart rate at admission (beats/min) 84.7 + 16.1 839+ 15.6 0.502*
Systolic blood pressure at admission (mm Hg) 112 +17 111.8 £+ 14.7 0.875"
Diastolic blood pressure at admission (mm Hg) 66.8 + 10.9 66.9 + 10.1 0.885"
Infection at admission, n (%) 66 (9.1%) 15 (5.1%) 0.041°
Shock at admission”, n (%) 135 (18.6%) 51 (17.2%) 0.658°
Blood transfusion, n (%) 438 (60.5%) 167 (56.2%) 0.257°
Vasoactive drugs, n (%) 0.340°

Octreotide 555 (76.7%) 225 (75.8%)

Somatostatin 124 (17.1%) 59 (19.9%)

Terlipressin 45 (6.2%) 13 (4.3%)
Duration of vasoactive drugs, (days) 4.6+ 18 1.8 £ 0.7 <0.001"

Data presented as mean + SD or number of patients (percentage) where appropriate.

CLIF-C AD score, Chronic Liver Failure-Consortium acute decompensation score; MELD, model for end-stage liver disease; p-TIPS, pre-emptive transjugular intrahepatic
portosystemic shunt.

¥ Commodities include hypertension, coronary artery disease, and diabetes.

9 Child B8-9+AB criteria: Low risk: Child-Pugh B without active bleeding and Child-Pugh B7 with active bleeding; High risk: Child-Pugh B8-9 with active bleeding at
endoscopy.

T Active bleeding was defined as the presence of spurting or oozing from varices on endoscopy despite being on vasoactive drugs.

* Hypovolemic shock was defined as systolic blood pressure <100 mmHg and heart rate >100 beats per minute.

# Comparisons between groups of variables were done with the Student’s t test.

$ Comparisons between groups of variables were done with the chi-squared test.
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Risk-stratification systems

We evaluated the effect of pre-emptive TIPS vs. drug plus
endoscopic therapy on outcomes by stratifying individuals with
Child-Pugh B cirrhosis based on (i) CLIF-C ADs 48-56 (low risk/
intermediate risk/high risk: CLIF-C ADs <48/48-56/>56),'® (ii)
presence vs. absence of active bleeding, and (iii) Child B8-9+AB
criteria (low risk: Child-Pugh B without active bleeding [Child
B + no AB] and Child-Pugh B7 with active bleeding [Child
B7+AB]; high risk: Child-Pugh B8-9 with active bleeding [Child
B8-9+AB|).”

Statistical analysis

All statistical analyses were performed using the R 3.6.1 (http://
www.r-project.org/) with the add-on packages Hmisc, rms,
riskRegression, pec, prodlim and Matchit. For all analyses, missing
data of the covariates were imputed with multiple imputations
methods (detailed in the supplementary methods). Statistical
significance was set at p <0.05 (2-sided).

Data are presented as frequencies (percentage), mean + SD or
median (IQR) as appropriate. Comparisons of variables between
groups were performed using Student’s t test, non-parametric
Mann-Whitney U test, chi-squared test or Fisher’s exact test as
appropriate. Cumulative incidence curves were constructed us-
ing Fine-Gray competing risks analysis to estimate the risk of
death over time, considering liver transplantation as a
competing event. When the cumulative incidence of further
bleeding and OHE were estimated, death and liver trans-
plantation were considered as competing risks.

The non-linear relationships between the CLIF-C ADs and the
risk of the evaluated outcomes were visualised using restricted
cubic splines by entering the CLIF-C ADs as a continuous variable
into the logistic regression analysis. We evaluated the association
between the treatment group (pre-emptive TIPS vs. medical) and
clinical outcomes in three competing risk regression models,
which provided unadjusted and confounder-adjusted estimates
of hazards ratios (HRs) and absolute risk reduction with 95% CI:
1) unadjusted. 2) adjusted for severity of liver disease and other
potential confounders. Potential confounders were variables that
were significantly associated with the outcome in univariate
analysis at a level of 10% or previously reported as potentially
influencing the outcomes (regardless of the p value in univariate
analysis). Within each risk category, the components (age, white
blood cell, creatinine, international normalised ratio [INR], and
sodium) instead of the overall CLIF-C ADs were included in the
models to allow for fine-tuning of the models. 3) adjusted for
propensity score that was constructed with logistic regression
modelling the probability of a patient undergoing pre-emptive
TIPS or medical treatment (detailed in the supplementary
methods). Interaction testing was performed to determine if the
relative or absolute treatment effects of pre-emptive TIPS vs.
medical therapy varied across the risk categories. To verify the
robustness of our results, we performed sensitivity analyses: (1)
with propensity score matching (detailed in the supplementary
methods) and (2) excluding patients with previous bleeding.

The discriminative performance of CLIF-C ADs in predicting
the 6-week and 1-year mortality risk was compared with model
for end-stage liver disease (MELD) score, active bleeding at
endoscopy and Child B8-9+AB criteria using the concordance
index (C-index), which is the area under the receiver-operating

Research article

curve for survival time in the presence of censored data. The
discrimination of treatment effect (defined as the difference
between the probability of death between pre-emptive TIPS and
medical groups) was assessed by the concordance index for
benefit (c-for-benefit),?! which is a variant of the common C-
index designed to specifically calculate the ability for a model to
discriminate between people obtaining more benefit vs. less
benefit from a treatment (rather than just higher vs. lower
overall death risk).

Results

Baseline characteristics of patients

The assembled cohort yield 3,077 individuals with cirrhosis and
AVB from 13 university hospitals in China, of whom 1,473 had
Child-Pugh B cirrhosis. After excluding 452 individuals for the
reasons shown in the Fig. S1, a total of 1,021 eligible participants
were eventually included. The number of patients from each
participating centre was shown in Table S1. Among the included
patients, 724 (77.9%) received drug plus endoscopic therapy
(medical group), and 297 (22.1%) received pre-emptive TIPS (pre-
emptive TIPS group). The baseline characteristics of the patients
are summarised in Table 1. The mean age was 52.8 + 7.5 years,
with a mean MELD score of 12.2 + 3.4 and a CLIF-C ADs of 45.8 +
8.9. HBV was the most common aetiology of cirrhosis (61.3%) and
a total of 195 patients were in viral remission at bleeding pre-
sentation. Patients in the pre-emptive TIPS group had more se-
vere liver disease (as reflected by higher Child-Pugh scores) and
were more likely to have active bleeding at endoscopy, but they
had a lower likelihood of bacterial infection and detectable HBV
DNA at admission.

Risk-stratified effects of pre-emptive TIPS on mortality

In the entire cohort, 95 patients (9.3%) died within 6 weeks and
186 patients (18.2%) died within 1 year. Seventeen patients (1.7%)
and 63 patients (6.2%) received liver transplantation at 6 weeks
and 1 year, respectively. The causes of death are summarised in
Table 2. The cumulative incidences of death were significantly
lower in the pre-emptive TIPS group (3.0% vs. 11.6% at 6 weeks,
14.5% vs. 19.8% at 1 year, p = 0.028) compared with the medical
group (Fig. 1A). After adjustment for potential confounders (CLIF-
C ADs, active bleeding, serum albumin, shock at admission and
commodities, Table 3), pre-emptive TIPS was associated with a
38% relative risk reduction of death (adjusted HR 0.62; 95% CI
0.44 to 0.88; p = 0.008) at 1 year. This protective effect was
consistent across the spectrum of CLIF-C ADs, but the absolute
risk reduction was more pronounced in patients with high-risk
profiles (Fig. 1B).

When stratified according to CLIF-C ADs of 48-56, the pre-
emptive TIPS group had a significantly lower cumulative inci-
dence of death in the CLIF-C ADs 256 category (6.1% vs. 30.4% at 6
weeks; 27.3% vs. 50.6% at 1 year; p = 0.012) and CLIF-C ADs 48-56
category (3.4% vs. 16.4% at 6 weeks; 14.6% vs. 26.3% at 1 year,
p = 0.019) but not in CLIF-C ADs <48 category (2.3% vs. 5.8% at 6
weeks; 12.0% vs. 10.9% at 1 year, p = 0.740) compared with the
medical group (Fig. 2A). This pattern persisted after adjusting for
potential confounders, with the adjusted HRs (95% CI) being 1.10
(0.63 to0 1.90), 0.48 (0.26 to 0.88), 0.41 (0.18 to 0.91) for CLIF-C ADs
categories of <48/48-56/>56 at 1 year, respectively (Table 4). These
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Variable Medical (n = 724) p-TIPS (n = 297) p value
Rescue TIPS 71 (9.8%) 0 (0.0%) <0.001
Mortality, n (%) 143 (19.8%) 43 (14.5%) 0.061
Cause of death, n (%)

Liver failure 41 (5.7%) 19 (6.4%)

Gastrointestinal bleeding 60 (8.3%) 7 (2.4%)

Sepsis/pneumonia 7 (1.0%) 2 (0.7%)

Hepatocellular carcinoma 4 (0.6%) 3 (1.0%)

Multiorgan failure 8 (1.1%) 4 (1.3%)

Unrelated with liver disease 7 (1.0%) 6 (2.0%)

Unknown 16 (2.2%) 2 (0.7%)
Liver transplantation, n (%) 49 (6.8%) 14 (4.7%) 0.307
Further bleeding, n (%) 282 (39.0%) 39 (13.1%) <0.001
Overt hepatic encephalopathy, n (%) 212 (29.3%) 89 (30.0%) 0.862

Data presented as number of patients (percentage).
Comparisons between groups of variables were done with the chi-squared test.
p-TIPS, pre-emptive transjugular intrahepatic portosystemic shunt.

results were confirmed by the analysis adjusting for propensity
scores (Fig. 3). Although the relative risk reduction in mortality
was homogeneous (P interaction =0.189), the 1-year absolute risk
reduction of death with pre-emptive TIPS was greater in the CLIF-
C ADs 256 category than the CLIF-C ADs 48-56 and CLIF-C ADs <48
categories (-23.4% vs. -11.4% vs. 1.5%, P interaction =0.006) after
adjusting for propensity scores (Fig. 3). Similar results were
observed when the cohort were stratified according to an indi-
vidual CLIF-C ADs cut-off value of 48 (<48 or >48) (Fig. S2).

When stratified according to active bleeding at endoscopy, a
reduced risk of death with pre-emptive TIPS was only observed
in patients with active bleeding (3.1% vs. 21.9% at 6 weeks and
13.7% vs. 27.6% at 1 year, adjusted HR 0.43, 95% CI 0.25-0.75;
p = 0.003) but not in those without active bleeding (3.0% vs. 7.9%
at 6 weeks and 15.1% vs. 16.9% at 1 year, adjusted HR 0.80, 95% CI
0.53-1.29; p = 0.393, Fig. 2B) after adjustment for potential co-
founders (Table 4). Similar results were observed after adjusting
for propensity scores (Fig. 3).

Similar patterns emerged when patients were stratified ac-
cording to the Child B8-9+AB criteria. Pre-emptive TIPS was
independently associated with a decreased risk of mortality in
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the high-risk category (6.1% vs. 29.3% at 6 weeks, 24.2% vs. 44.6%
at 1 year, adjusted HR 0.36, 95%CI: 0.18 to 0.70, p = 0.002) but not
in the low-risk category (2.4% vs. 3.9% at 6 weeks, 4.8% vs. 8.4% at
1 year, adjusted HR 0.80, 95% CI 0.53-1.21, p = 0.292) after
adjusting for potential confounders (Fig. 2C and Table 4) or
propensity score (Fig. 3).

When stratified according to each Child-Pugh score, active
bleeding at endoscopy was associated with increased mortality
only in those with Child-Pugh B8-9 but not B7 cirrhosis (Fig. S3).
Furthermore, the survival benefit from pre-emptive TIPS was
only observed in individuals with Child-Pugh B8-9 cirrhosis plus
active bleeding but not in those with Child-Pugh B7 cirrhosis or
Child-Pugh B8-9 cirrhosis without active bleeding (Fig. S4).

Risk-stratified effects of pre-emptive TIPS on further bleeding
The cumulative incidence of further bleeding was lower in the
pre-emptive TIPS group (6.1% vs. 27.9% at 6 weeks; 13.1% vs.
39.0% at 1 year; p <0.001) compared with the medical group
(Fig. S5). This pattern was not altered after adjusting for potential

confounders (Table S2) and, more importantly, was
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Fig. 1. Competing risks analyses for all-cause mortality in entire cohort and the relationship between the mortality risk and CLIF-C AD scores stratified by
treatment groups. (A) Cumulative incidence of death in pre-emptive TIPS vs. medical groups (p = 0.028, Gray’s test) based on competing risk approach (the Fine
and Gray method) with liver transplantation being the competing event. (B) Probability of death within 1 year and patient distribution in relation to CLIF-C AD
score stratified by treatment groups (p = 0.042, logistic regression analysis). Restricted cubic splines were generated using logistic regression models after
adjusting for active bleeding at endoscopy (yes vs. no), serum albumin (per g/L increase), platelet count (per 1 x 10°/L increase), comorbidities (yes vs. no),
infection (yes vs. no), and shock (yes vs. no). The coloured bands indicate 95% Cls. CLIF-C ADs, Chronic Liver Failure-Consortium acute decompensation score; HR,

hazard ratio; p-TIPS, pre-emptive transjugular intrahepatic portosystemic shunt.
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1,021).

Table 3. Univariable and multivariable analysis of factors associated with 1-year mortality in the entire cohort (N

Multivariable analysis (model 1) Multivariable analysis (model 2) Multivariable analysis (model 3)

Univariable analysis

p value

HR (95%CI)

p value

HR (95%CI)

p value

HR (95%CI)

p value

HR (95%CI)

Variable

0.010
<0.001

0.62 (0.44 to 0.88) 0.008 0.62 (0.44 to 0.89)

0.003
<0.001
<0.001

0.021 0.59 (0.41 to 0.84)
<0.001

<0.001
<0.001

0.67 (0.48 to 0.94)

Treatment (p-TIPS vs. medical)

Age (per year increase)

1.04 (1.03 to 1.05)

1.04 (1.03 to 1.05)

1.04 (1.03 to 1.05)

1.14 (1.10 to 1.18)

112 (1.08 to 1.16)
1.07 (1.05 to 1.08)
1.38 (1.02 to 1.85)
1.04 (1.02 to 1.07)

MELD score (per point increase)

<0.001

1.06 (1.05 to 1.08)
1.48 (1.09 to 2.00)

CLIF-C ADs (per point increase)
Active bleeding (yes vs. no)

1.52 (1.12 to 2.08) 0.008

0.012

1.55 (1.14 to 2.10) 0.005

1.00 (0.96 to 1.03)

0.034
<0.001

0.862
0.001
<0.001

1.00 (0.97 to 1.04)

0.838

WBC (per 1 x 10%cell/L increase)

INR (per unit increase)

147 (118 to 1.83)

0.003
0.012

1.39 (112 to 1.72)

114 (1.07 to 1.22)
0.96 (0.93 to 0.99)

1.09 (1.02 to 117)
0.96 (0.93 to 0.98)

Bilirubin (per mg/dl increase)

0.011
<0.001

0.96 (0.93 to 0.99) 0.016 0.98 (0.95 to 1.01) 0.135

0.002
<0.001

Serum albumin (per g/L increase)
Creatinine (per mg/dl increase)

1.71 (1.36 to 2.15)
1.00 (1.00 to 1.01)
0.97 (0.95 to 0.99)

1.5 (1.23 to 1.83)

0.024

0.007 1.00 (1.00 to 1.00) 0.315

1.00 (1.00 to 1.01)
0.97 (0.95 to 0.99)

0.023

1 (1.00 to 1.00)

0.97 (0.95 to 1.00)
1.81 (134 to 2.45)

Platelet count (per 1 x 10°/L increase)
Sodium (per mmol/L increase)
Comorbidities* (yes vs. no)

Infection (yes vs. no)

0.012

0.013

0.041
<0.001

1.43 (1.04 to 1.98) 0.028

1.58 (0.90 to 2.76)

0.003
0.738
0.244

0.056 1.59 (1.17 to 2.17)
0.92 (0.58 to 1.48)

1.37 (0.99 to 1.88)
1.60 (0.92 to 2.80)

0.109
0.096

0.098

0.003

1.9 (1.24 to 2.92)

1.42 (1.01 to 2.00)
Only variables with a p value <0.1 in the univariable analysis are shown. Variables selected into the Univariable analysis were sex, age, aetiology of cirrhosis, HBY DNA or HCV-RNA detectable, MELD score, location of varices at index

gastroscopy, grade of oesophageal varices, ascites, hepatic encephalopathy, previous bleeding, haemoglobin, serum albumin, serum total bilirubin, INR, serum creatinine, commodities, portal vein thrombosis, hepatocellular car-

cinoma, heart rate at admission, infection at admission, shock at admission and blood transfusion requirement.

1.36 (0.95 to 1.94)

1.23 (0.87 to 1.74)

0.119

1.32 (0.93 to 1.88)

0.043

Shock at admission” (yes vs. no)

CLIF-C ADs, Chronic Liver Failure-Consortium acute decompensation score; HR, hazard ratio; INR, international normalised ratio; MELD, model for end-stage liver disease; p-TIPS, pre-emptive transjugular intrahepatic portosystemic

shunt; WBC, white blood cell.

¥ Commodities include hypertension, coronary artery disease, and diabetes.

* Hypovolemic shock was defined as systolic blood pressure <100 mmHg and heart rate >100 beat per minute.
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homogeneous across the entire risk spectrum, based on different
risk classification rules (Fig. S6,7 and Table S3).

Risk-stratified effects of pre-emptive TIPS on OHE

No significant differences in the cumulative incidence of OHE
were observed between the two treatment groups (pre-emptive
TIPS vs. medical: 17.2% vs. 19.3% at 6 weeks; 30.0% vs. 29.3% at 1
year, p = 0.996, Fig. S8). These results were not altered after
adjusting for potential confounders (Table S4) and, more
importantly, were consistent across risk strata, based on
different risk classification rules (Fig. S9,10, and Table S5).

Sensitivity analysis

Similar risk-stratified effects of pre-emptive TIPS on outcomes,
based on different risk classification rules, were obtained in the
analysis after propensity score matching (Figs. S11-15) or after
excluding individuals with previous bleeding (Figs. S16-19).

Comparison of different risk-stratification criteria

As shown in Fig. 4, the values of c-for-risk as well as c-for-benefit
of CLIF-C ADs were significantly higher than those of MELD score,
active bleeding at endoscopy and Child B8-9+AB criteria.

Discussion

In this observational study, we showed among individuals with
Child-Pugh B cirrhosis and AVB that i) CLIF-C ADs identified a
graded survival benefit from pre-emptive TIPS, ranging from no
benefit in individuals with CLIF-C ADs <48 to a halving of 1-year
mortality in CLIF-C ADs >56; ii) active bleeding at endoscopy
was associated with increased mortality in those with Child-
Pugh B8-9 but not B7 cirrhosis; iii) pre-emptive TIPS improves
survival in individuals with Child-Pugh B8-9 cirrhosis plus
active bleeding but not in those with Child-Pugh B7 cirrhosis or
Child-Pugh B8-9 cirrhosis without active bleeding. iv) the c-for-
benefit of CILF-C ADs for predicting survival benefit was higher
than those of active bleeding at endoscopy and Child B8-9+AB
criteria.

The strengths of the present study lie in: i) including a
large sample size of individuals with Child-Pugh B cirrhosis
regardless of active bleeding at endoscopy, which allowed us
to generate estimates with narrow confidence intervals; ii)
firstly and comprehensively evaluated the risk-stratified effect
of pre-emptive TIPS in individuals with Child-Pugh B cirrhosis
and AVB, iii) use of a survival-based primary endpoint, which
is an objectively assessed and clinically relevant endpoint; and
iv) use of various effective methods (multivariable adjust-
ment, subgroup analyses and propensity score methods) to
minimise and rule out potential confounding and selection
bias.

When our entire Child-Pugh B cohort of 1,021 patients is
considered, pre-emptive TIPS resulted in a statistically signifi-
cant reduction in mortality with a HR of 0.62 (95% C1 0.44-0.88).
After risk stratification by CLIF-C ADs 48-56 categories, the
benefits of pre-emptive TIPS varied between the CLIF-C ADs
categories; those with higher CLIF-C ADs benefitted more from
pre-emptive TIPS. These results are in agreement with our and
Trebicka et al.’s recent findings that the sickest patients (those
with acute-on-chronic liver failure [ACLF] or high MELD score)
are precisely those who benefit the most from pre-emptive
TIPS.%?223 Specifically, in those with CLIF-C ADs >56, pre-
emptive TIPS was associated with a marked mortality
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Variables adjusted for
Age, creatinine, PLT

Age, INR, bilirubin, albumin, creatinine, sodium
INR, bilirubin, creatinine, PLT, comorbidities, HCC

Age, active bleeding, bilirubin, PLT, comorbidities

Age, WBC, bilirubin, albumin, creatinine, PLT, HCC
Age, WBC, INR, bilirubin, albumin, creatinine, HCC

Age, INR, bilirubin, albumin, creatinine, comorbidities

0.176
0.063
0.009

p for interaction

0.740
0.018
0.028
0.393
0.003
0.292
0.002

Multivariable models adjusted for the baseline predictive variables
p value

HR* (95%CI)

1.10 (0.63 to 1.90)
0.48 (0.26 to 0.88)
0.41 (018 to 0.91)
0.80 (0.53 to 1.29)
0.43 (0.25 to 0.75)
0.80 (0.53 to 1.21)
0.36 (0.18 to 0.70)

0.064
0.006

0.059

p for interaction

Univariable models
Unadjusted estimates
p value

0.074
0.019
0.012
0.512
0.001
0.413
<0.001

HR* (95%Cl)

1.05 (0.63 to 1.75)
0.49 (0.27 to 0.90)
0.42 (0.20 to 0.86)
0.83 (0.54 to 1.30)
0.43 (0.25 to 0.73)
0.82 (0.55 to 1.23)
0.29 (0.15 to 0.56)

112 (11.0%)

193 (18.9%)
AB, active bleeding, CLIF-C ADs, Chronic Liver Failure-Consortium acute decompensation score; HCC, hepatocellular carcinoma; HR, hazard ratio; INR, international normalised ratio; PLT, platelet count; WBC, white blood cell.

607 (59.4%)
* HR for the effect of p-TIPS vs. drug plus endoscopic treatment (as reference).

302 (29.6%)
698 (68.4%)
323 (31.6%)
828 (81.1%)

No. of patients (%)

<48
48-56
>56
Active bleeding
Yes
Child B 8-9+AB criteria¥q
Low risk
High risk

No

Table 4. Impact of pre-emptive TIPS (vs. drug plus endoscopic treatment) on 1-year mortality in individuals with Child-Pugh B cirrhosis according to different risk classification rules.

9 Child B8-9+AB criteria: Low risk: Child-Pugh B without active bleeding and Child-Pugh B7 with active bleeding; High risk: Child-Pugh B8-9 with active bleeding at endoscopy.

* We adjusted these variables based on their associations with the outcomes of interest or a change in effect estimates of more than 10%.

Risk classification
CLIF-C ADs 48-56

JHEP|Reports

reduction, from 50.6% to 27.3% at 1 year. The number needed to
treat to prevent one death was as low as four patients, sug-
gesting that pre-emptive TIPS is likely to be most cost-effective
in this subpopulation. In those with CLIF-C ADs <48, however,
because the baseline risk of mortality was already low, the ab-
solute risk reduction by pre-emptive TIPS was negligible.
Alternatively, it can be suggested that drug plus endoscopic
therapy is sufficient to control acute bleeding as well as prevent
rebleeding in these patients, and consequently, pre-emptive
TIPS may be not necessary.

The rationale of “pre-emptive TIPS” is to treat patients earlier
in order to prevent early rebleeding and further deterioration
and thereby improve survival.>*~2° In other words, a main ther-
apeutic goal behind pre-emptive TIPS placement in AVB is to
prevent the development of ACLF, which is characterised by
rapid deterioration of organ function leading to multiple organ
failure and high short-term mortality.>>~2” A recent large mul-
ticentre international study demonstrated that the presence of
ACLF is the strongest predictor of rebleeding and mortality, and
that pre-emptive TIPS improves outcomes in individuals with
ACLF.*? Most individuals with Child-Pugh B cirrhosis and AVB did
not have ACLF at admission.!"*> However, since variceal bleeding
presents a frequent cause of acute decompensation in cirrhosis,
they were still at high risk of progression to ACLE.*—° It is likely
that pre-emptive TIPS improves survival in AVB and cirrhosis by
preventing the inflammatory response induced by further
bleeding and ascites through hemodynamic (reduction in portal
pressure) and non-hemodynamic (reduction in gut bacterial
translocation) mechanisms.?>*!-2 As patients with a higher
CLIF-C ADs had a higher level of systemic inflammation (indi-
cated by the white blood cell count) and a higher risk of ACLF
development,?®-3 they benefit most from pre-emptive TIPS. On
the other hand, pre-emptive TIPS significantly reduced the risk of
further bleeding in all individuals with Child-Pugh B cirrhosis,
even in those at low risk of death. This finding suggests that
effective control of bleeding and prevention of rebleeding has a
limited role in prolonging survival in patients at low risk of death
and that pre-emptive TIPS is only able to reduce mortality when
the patient is at risk of complications of cirrhosis other than
bleeding.

A recent individual patient data meta-analysis’ showed a
differential survival benefit from pre-emptive TIPS in those with
Child-Pugh B8-9 vs. Child-Pugh B7 cirrhosis. However, the study
excluded those with Child-Pugh class B cirrhosis without active
bleeding. This prompted us to assess whether such a pattern
could be observed in these patients. Our analysis confirmed that
only those with Child-Pugh B8-9 cirrhosis and active bleeding
should be considered a high-risk population for whom pre-
emptive TIPS may elicit a survival benefit compared to drug
plus endoscopic treatment. However, the definition of active
bleeding is subjective; thus, one should be cautious when
considering active bleeding as a risk-stratification tool for rele-
vant therapeutic decisions in this setting.

Although CLIF-C ADs, active bleeding at endoscopy and Child
B8-9+AB criteria can stratify patients into subgroups based on
the survival benefit they are likely to derive from pre-emptive
TIPS, our results showed that CLIF-C ADs presented with higher
values of c-for-benefit compared to the other two criteria, sug-
gesting CLIF-C ADs is better at predicting treatment benefit. The
possible explanation is that, besides live function (creatinine,
INR), the CLIF-C ADs considers systemic inflammatory response
(indicated by the white blood cell count), which has been
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Fig. 2. Effect of pre-emptive TIPS vs. drug plus endoscopic treatment on mortality by different risk stratification rules in those with Child-Pugh B
cirrhosis. (A) Cumulative incidence of death in pre-emptive TIPS group vs. medical group stratified by CLIF-C ADs of <48/48-56/>56 (p = 0.74, 0.019 and 0.012,
respectively, Gary’s test) (B) active bleeding (p = 0.512 and 0.001, respectively, Gary’s test) and (C) Child B8-9 + AB criteria (p = 0.413 and 0.0011, respectively,
Gary’s test) based on competing risk approach (the Fine and Gray method) with liver transplantation being the competing event. Child B8-9 + AB criteria: Low
risk: Child-Pugh B without active bleeding and Child-Pugh B7 with active bleeding; High risk: Child-Pugh B8-9 with active bleeding at endoscopy. CLIF-C ADs,
Chronic Liver Failure-Consortium acute decompensation score; p-TIPS, pre-emptive transjugular intrahepatic portosystemic shunt.

demonstrated to be significantly associated with progression of
cirrhosis and related complications.!8273%34

Our study has several limitations. First, most data were
retrospectively collected and hence the risk of selection bias is
unavoidable. However, this risk has been minimised via the in-
clusion of all consecutive patients and a large cohort of in-
dividuals with Child-Pugh B cirrhosis and AVB. Second, whether
to offer pre-emptive TIPS was entirely at the discretion of the
treating physician in most cases, which may cause an indication
bias. Nevertheless, a range of statistical analyses were performed
to rule out this bias. Because individuals in two treatment groups
were not similar in their baseline characteristics, we controlled
confounders (both well-established predictors and those specific

to the patient population) to adjust for the effects of pre-emptive
TIPS on outcomes. Importantly, even after adjusting for all po-
tential confounders, the conclusion was not changed. Further-
more, these results could be confirmed by propensity score
matching analyses and thus had a high degree of consistency.
Third, as most of the patients had viral cirrhosis, no definitive
conclusion can be drawn for other types of chronic liver disease.

In conclusion, either CLIF-C ADs, active bleeding at endoscopy
or Child B8-9+AB criteria can identify patients with differential
survival benefit from pre-emptive TIPS, but CLIF-C ADs is supe-
rior to the others for predicting treatment benefit. These findings
warrant further external validation in individuals with different
aetiologies and in randomised controlled studies.
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Subarou Events, n/N(%) Adjusted hazard p for Absolute risk p for
group Medical p-TIPS ratio (95% CIl)  interaction reduction (95% ClI) interaction
CLIF-C AD score 0.176 0.006
<48 47/432 (10.9%) 21/175 (12.0%) ——&——  0.94 (0.56 to 1.60) —— 1.51 (-4.09 to 8.00)
48-56 56/213 (26.3%)  13/89 (14.6%) —a— 0.50 (0.27 to 0.93) —a— -11.41 (-21.08 to -1.15)
>56 40/79 (50.6%) 9/33 (27.3%) —_——— 0.42 (0.19 to 0.94) —_——— -23.40 (-42.74 to -3.40)
Active bleeding 0.079 0.012
No 90/532 (16.9%)  25/166 (15.1%) —a— 0.84 (0.54 to 1.31) —u— -1.63 (-8.94 to 4.04)
Yes 53/192 (27.6%)  18/131 (13.7%) ———— 0.45 (0.26 to 0.78) —o0—— -13.24 (-22.09 to -3.55)
Child B8-9 + AB criteria 0.008 <0.001
Low risk 102/615 (16.6%) 31/213 (14.6%) —a— 0.87 (0.58 to 1.30) —— -1.51 (-7.64 to 4.86)
High risk 41/109 (37.6%) 12/84 (14.3%) —o0—— 0.32 (0.16 to 0.61) —_—————— -23.03 (-35.77 to -9.64)
All patients 143/724 (19.8%) 43/297 (14.5%) -~ 0.62 (0.44 to 0.89) - -4.98 (-9.52 to 0.75)
T T T T 1 T T T T T T 1
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Favours early TIPS Favours medical Favours early TIPS Favours medical

Fig. 3. Forest plot showing the event rates, adjusted hazard ratios, and the absolute risk reduction for 1-year mortality stratified by different risk
stratification rules in those with Child-Pugh B cirrhosis. Adjusted hazard ratios and absolute risk reduction with 95% CIs indicate the effect of pre-emptive TIPS
vs. drug plus endoscopic therapy (as reference) on 1-year mortality, which are derived from multivariable competing risk regression models, adjusted for
propensity score within each risk category. p values for interaction were 0.176, 0.079 and 0.008, respectively, in multiplicative scale, and 0.006, 0.012 and <0.001
in additive scale (multivariable competing risk regression analysis). Child B8-9 + AB criteria: Low risk: Child-Pugh B without active bleeding and Child-Pugh B7
with active bleeding; High risk: Child-Pugh B8-9 with active bleeding at endoscopy. CLIF-C ADs, Chronic Liver Failure-Consortium acute decompensation score; p-
TIPS, pre-emptive transjugular intrahepatic portosystemic shunt.
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Models
C-for-risk C-for-benefit C-for-risk C-for-benefit
CLIF-C ADs 0.693 (0.634-0.751) 0.675 (0.582-0.769) 0.707 (0.658-0.756) 0.645 (0.573-0.726)
MELD score 0.647 (0.580-0.714) 0.629 (0.540-0.717) 0.639 (0.587-0.692) 0.625 (0.549-0.699)
Active bleeding 0.640 (0.584-0.695) 0.654 (0.577-0.732) 0.566 (0.522-0.609) 0.569 (0.512-0.626)
Child B8-9 + AB 0.652 (0.598-0.706) 0.665 (0.585-0.745) 0.585 (0.545-0.624) 0.574 (0.518-0.629)

Fig. 4. Comparison of different risk stratification rules. The ROC of the CLIF-C AD score, MELD score, active bleeding at endoscopy and Child B8-9 + AB criteria
for predicting (A) 6- week and (B) 1-year mortality. (C) Discrimination of the evaluated models. The concordance-statistic for benefit (c-for-benefit) is a variant of
the conventional risk concordance-statistic (c-for-risk) designed to specifically calculate the ability for a model to discriminate between people obtaining more
benefit vs. less benefit from a treatment. Note that the c-for-benefit statistic is in general much more conservative than the traditional concordance-statistic,
which only assesses the ability of a model to detect higher vs. lower absolute mortality risk, not treatment effect. CLIF-C ADs, Chronic Liver Failure-
Consortium acute decompensation score; MELDs, model for end-stage liver disease score; p-TIPS, pre-emptive transjugular intrahepatic portosystemic shunt;
ROC, receiver-operating characteristic curve.
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