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Abstract:

Background & Aims. Compared with drugs plus endoscopy, placement asfsjugular
portosystemic shunt within 72 hrs of admissionh® hospital (early or preventive TIPS, also
called preemptive TIPS) increases the proportionigi-risk patients with cirrhosis and acute
variceal bleeding who survive for 1 year. Howewbe benefit of preemptive TIPS is less
clear for patients with a Child-Pugh score of B aactive bleeding (CP-B+AB). We
performed a individual data meta-analysis to astesgfficacy of preemptive TIPS in these
patients and identify factors associated with redusurvival of patients receiving preemptive

TIPS.

Methods. We searched publication databases for randomizextratled trials and
observational studies comparing the effects of ppve TIPS vs endoscopy plus non-
selective beta blockers in the specific populatbhigh-risk patients with cirrhosis and acute
variceal bleeding (CP-B+AB or Child-Pugh C, belo#vdoints), through December 31, 2019.
We performed a meta-analysis of data from 7 stu@@esandomized controlled trials and 4
observational studies), comprising 1327 patient (Beceived preemptive TIPS and 1017
received drugs plus endoscopy). We built adjustedeats to evaluate risk using propensity
score for baseline covariates. Multivariate Coxresgion models were used to assess the
factors associated with survival time. The primangpoint was effects of preemptive TIPS
vs drugs plus endoscopy on 1-year survival in trexal population as well as CP-B+AB and

Child-Pugh C patients.



Results: Overall, preemptive TIPS significantly increaskd proportion of high-risk patients
with cirrhosis and acute variceal bleeding who st for 1 year, compared with drugs plus
endoscopy (HR=0.443, CI 95%: [0.323-0.607], p<0)0Uhis effect was observed in CP-
B+AB patients (HR=0.524, CI 95%: [0.307-0.896], @38) and in patients with Child-Pugh
C scores below 14 points (HR=0.374, Cl 95%: [0.2553], p<0.001). Preemptive TIPS
significantly improved control of bleeding and assi without increasing risk of hepatic
encephalopathy in Child-Pugh C and CP-B+AB patierdsmpared with drugs plus
endoscopy. Cox analysis of patients who receivezemptive TIPS showed that patients
could be classified into 3 categories for risk e&th, based on age, serum level of creatinine,
and Child-Pugh score. In each of these risk categjopreemptive TIPS increased the

proportion of patients who survived for 1 year, gamed with drugs plus endoscopy.

Conclusions: In a meta-analysis of data from 1327 patients withhosis, acute variceal
bleeding, and Child-Pugh score between 10-13 poimtsCP-B+AB, preemptive TIPS
increased the proportion who survived for 1 yearpoth subgroups separately, compared
with drugs plus endoscopy.

KEY WORDS: AVB, HE, liver disease, treatment



Introduction

The management of acute variceal bleeding (AVBpatients with cirrhosis has improved
over the last decades. According to internationatigjines, treatment is based on careful
replacement of blood volume, early administratibrasoactive drugs, antibiotic prophylaxis
and endoscopic treatment. Baveno VI consensus restfé, and subsequently AASLD
guidelines for portal hypertensive bleeding intuisi€, incorporated for the first time the use
of preemptive (also called early) TIPS (p-TIPS)aaseatment option in patients with AVB
at high risk of treatment failure in order to prevéailure to control acute bleeding and to
prevent variceal rebleeding. To achieve these ggalBIPS must be placed as soon as
possible to increase the possibilities of preventarly treatment failures. Thus, in most
occasions p-TIPS was placed in the first 24 hodtsr admission although, for logistic
reasons, timing to consider TIPS as early p-TIPS w#ended up to 72 hours provided
treatment failure has not yet occurred. The efffcatd safety of the p-TIPS strategy has been
evaluated in three randomized clinical trials (REETSand five observational studfes®<*°
so far. Criteria adopted for definition of highkisrere HYPG> 20 mmHg in the first RCT
and Child-Pugh up to 13 points (CP- C) or Child4P®&yplus active variceal bleeding during
endoscopy (active bleeding: variceal jet /oozinGP{B + AB) despite being under iv
vasoactive agents in the second R@md in the subsequent observational stidiés: One
observational stud$, included all Child-Pugh bleeders (among them @88d A) excluding
only those with a Child-Pugh score > 14. A thirdsinecent RCY, compared the use of p-
TIPS vs standard-of-care treatment in AVB. Howewuethis RCT, most patients were Child-
Pugh B without active bleeding and only 56 patiemtse at high-risk according to the
previous criteria.

Consistently, all of these studies showed the adgenof p-TIPS over current standard-of-

care in terms of achieving a better control of e=ai bleeding, lower risk of rebleeding and



better control of ascites. Moreover, most studesohstrated an improvement in survival by
p-TIPS when the overall population of high riskigats is evaluatet®®'* However, when
the population is stratified by Child-Pugh clas® benefit was strongly seen in Child-Pugh C
patients but was less clear in Child-Pugh B+ ABiguas'"'°" However, none of the
available studies had enough power to detect difiegs in survival in the different Child-
Pugh categories. This, together with the expeabageil mortality in Child-Pugh B than in
Child-Pugh C patient may be, at least in part, explain the lack ofdsolata on survival on
the Child-Pugh B population. Some meta-analysis systiematic reviews have attempted to
overcome these issués**>*® However, the lack of individual data on time &ath and the
fact that some studies did not show separatelytheomes in the two different Child-Pugh
categories reduced the clinical impact of thesengpts.

Additionally, there is a concern on whether thisra subgroup of the included high-
risk patients in which p-TIPS might be futile. Tha#though patients considered to have very
severe disease (Child-Pugh > 14 points) were erddtbm all but on€ of the previously
mentioned studies, it is possible that some patieraty still have a high risk of mortality after
p-TIPS placement. Again, this could not be defimegrevious meta-analysis due to lack of
individual patient data.

In this study, we have performed a meta-analysisndividual patient data from
previous multicenter international studies evahmtihe efficacy of p-TIPS versus standard-
of-care treatment with the aim of re-evaluating ¢fiect of p-TIPS in survival and detecting
basal predictors of poor outcome in the p-TIPS grdn this way, we intended to overcome
the limitations associated with the use of literatdata and to increase the statistical power

and effect size.



Material and Methods.

Studies eligible for inclusion in this meta-anadysiere those that included patients
with cirrhosis and AVB from RCTs and observatiostidies aimed to compare the use of
medical treatment (endoscopy plus non-selectiva-bletickers) vs p-TIPS. All patients
included in the studies should have fulfilled tha&rent accepted high-risk criteria (Child
Pugh B + AB or Child Pugh C < 14 points).

For this, we have manually searched the literatypeto December 31, 2019 for
prospective observational studies and RCTs thae haegluded cohorts of patients with
cirrhosis and acute variceal bleeding treated w@hy/preventive TIPS within 72 hours from
admission (Preemptive-TIPS). The following keywowmsre searched in MEDLINE: ‘early
TIPS’, ‘early transjugular intrahepatic portosystenshunt’, ‘preemptive transjugular
intrahepatic portosystemic shunt’, ‘preemptive T|PI&gh-risk patients’, ‘TIPS placement’,
‘acute variceal bleeding’. Nine studies were idegdi as possible candidates for inclusion in
the meta-analysis. The principal investigators he previous RCT$"® and observational
studies were contact28®'? for possible inclusion. One of the RCTand one of the
observational studié$ included patients in all Child-Pugh categories, refere only
individual data of those patients fulfilling theroent high-risk criteria (Child-Pugh B plus
active bleeding and Child-Pugh C up to 13 pointgyenincluded in the individual meta-
analysis. The two other studies comparing the onécof patients treated with p-TIPS vs
Drugs + Endo were not included because the crigeining high-risk patients were not
clearly describe or the study included very selected referred pégisince year 1994 (most
before the first manuscript defining the early-TIB&cept) and, after careful review, most

patients did not meet the criteria of previous m&sid Therefore, our meta-analysis included



individual data from seven previous studi€s®’*‘°comparing p-TIPS vs Drugs + Endo for
patients with cirrhosis and AVB and a high-riski@atment failure (Supplementary Table 1).

All studies excluded: subjects aged <18 or >75 g/e@hild-Pugh>13, hepatocellular
carcinoma outside Milano criteria, bleeding frorolaged gastric or ectopic varices, previous
TIPS, portal vein thrombosis with total vessel as@bn, creatinine greater than 3 mg/dl, heart
failure and pregnancy. Previous recurrent hepataeghalopathy was reported as exclusion
criteria in three of these studies.

In one RCT, TIPS was performed using bare stemksle in the remaining 6 studies
TIPS was performed with PTFE-covered sténts®? In the RCT using bare stents, the
non-TIPS group received only NSBB to prevent retileg. Endoscopic band ligation was
used in patients in whom NSBB were not tolerated/@re contraindicated. We have decided
to include these patients as well because it wasfitest RCT in the issue. However, a
sensitivity analysis excluding this RCT was alsofgrened. All other studies utilized the
current standard-of-care.

Individual data of each patient were incorporatadai new database specifically
designed for this study collecting information teth to clinical and laboratory baseline
characteristics, AVB characteristics and its treattnoutcome and eventual adverse events or
complications.

The primary end-point was to compare the two tygfetseatment, p-TIPS and Drugs
+ Endo, in terms of one-year survival in the oVgpabulation as well as in the two different
Child-Pugh classes (Child-Pugh B with active blegdat endoscopy and Child-Pugh C <14
points), separately. Secondary end-points wereeél $or differences at one-year follow-up
in: a) the composite outcome of failure in contngl AB/preventing variceal rebleeding; b) in

developing new or worsening ascites and c) innl&ence of hepatic encephalopathy.



In a second analysis, we focused on identifyingepahdent baseline predictors of
poor outcome in patients treated with p-TIPS.

Meta-analysis was performed in accordance to timeiples of Good Clinical Practice
and the Declaration of Helsinki and its appendiédisthe studies included were approved by
the local ethics committees of all participatingpitals. All patient’s data was coded in order

to preserve patients’ privacy.

Statistical analysis.
Categorical variables were described with fregiesnand percentages and continuous
variables with median [interquartile range: 25thh7percentiles], and the survival function

was described using the Kaplan-Meier function.

We used standardized differences, defined as difters between groups divided by pooled
standard deviation to assess heterogeneity betweaups for baseline covariables. The
Inverse Probability of the Treatment Weights (IPT&@proactf was used to create a pseudo-
population in which the 2 groups (Drugs + Endo partiPS) were balanced across baseline
covariates. The stabilized weights were calculatsitig propensity scores (P$pbtained
from a logistic regression model aimed to minimittee between arms standardized
difference&’. Covariate balance was assessed using the starethdifferences with the goal
to achieve values <0.10 to define insignificanfedénce in potential confounders. The final
covariates included in the PS calculation weref@a)all high-risk patients: age, gender,
etiology, previous bleeding, previous ascites, MEbiirubin, platelets, creatinine, and INR,
(b) for C-B+ AB patients: etiology, active alcotsh, shock, Child-Pugh, MELD, bilirubin,
platelets and hematocrit, and (c) for CP-C patiest®ology, active alcoholism, shock,
MELD, platelets and hematocrit. Baseline categbrazta were compared using the chi-

square test and continuous variables using ANOV# wank-transformed data, for raw and



IPTW adjusted analyses. Raw and IPTW weighted Gayession models were used to

estimate hazard ratios (HR) with 95% confidencerirals [95%ClI].

For the analysis of predictive factors, univaria®dels were first assessed to identify
potential predictors of mortality. Those variablegh a p <0.10 were further assessed in
multivariate analyses and the Harrel's C-statigtidex was calculated as a discriminative
measure criterion. For continuous variables cus-ofére selected either by using the Youden

method or based on already validated cut-offaénliterature.

All inferential analyses including tables and figsirwere IPTW weighted, except for the

analysis of predictive factors, or otherwise spedif

Statistical analysis was performed with SAS verdich or higher (SAS Institute Inc., Cary,

NC, USA) and statistical significance was estdiladdsat the two-sided 5% level.

Results

The meta-analysis included individual data of 13#tients, among which 602
(45.3%) were CP-B+AB and 725 (54.7%) Child Pugh<@4( points). Three hundred ten
patients were treated with p-TIPS (138 CP- B+ AB 472 CP- C) and 1017 patients (464
CP-B+AB and 553 CP-C) with Drugs + Endo therapyakable data on 74% of the patients
treated with p-TIPS shows that 66% of TIPS wereguain the first 24 hours, 21% were
placed in the first 48 hours and 13% were placethénfirst 72 hours. There were no major
differences in baseline characteristics betweeremat treated with p-TIPS or Drugs + Endo
(Table 1). When using the IPTW approach, we obthstandardized difference always below
the target cutoff of 10% (Table 1). Table 2 sholes summary of events and Table 3 shows

the risk of events on raw and IPTW analyses.

Survival



At one year, 408 patients died (353 in the Drugsnélo group and 55 in the p-TIPS

group). Supplementary Table 2 depicts causes ahdearelation to treatment group and
Child-Pugh class. Six week and 1-year survival wsgaificantly higher in the p-TIPS than
in the Drugs + Endo group (93% vs 76.8% and 79%2%, Log Rank p<0.001, Figure 1A).
The benefit of p-TIPS was observed in both CP-BBrpatients (96% vs 85% at 6 weeks and
84% vs 74 % at 1 year, Log Rank p=0.008; Figure &BY in CP-C patients (90% vs 70% at
6 weeks and 75% vs 51% at 1 year, Log Rank p<QFi@dre 1C).
There was a survival benefit for p-TIPS over Drig&ndo (HR=0.443, Cl 95%: [0.323-
0.607], p<0.001). This effect was observed in oiiild B+AB (HR=0.524, Cl 95%: [0.307—-
0.896], p=0.018) and in CP-C patients (HR=0.37498%: [0.253-0.553], p<0.001) (Table
3). Number of patients needed to be treated (NNMT9ave one life is 4.23 (Cl 95%: [3.57-
6.94)].

Similar results were observed when data was andlyzensidering liver
transplantation as a competitive event (Supplemgniable 3). In order to increase the
homogeneity across studies and to eliminate passilals, we also analyzed the data after
excluding the patients from the first REPerformed by Monescillo et al. Similar results
regarding survival were observed in overall, CP-B+and CP-C patients (Supplementary
Table 4).

Except for one studythe effect of p-TIPS on survival had the samedrin all the
studies analyzed in the overall population or ifP-B+AB or CP-C (Supplementary Figure
1).

Because of previous concerns about the bemeguivival in CP-B+AB and despite
that the individual meta-analysis showed a sigaifitcimprovement in survival in these
patients, we decided to further analyze variableslipting survival in the 464 CP-B+AB

patients not treated with p-TIPS (Drugs + Endo GFAB group). Age, albumin, bilirubin,



creatinine, CP and MELD scores, were factors aasatiwith mortality at univariate analysis
(all p<0.05). At multivariate analysis, either MELdD CP score were significantly associated
with survival. However, CP score revels as the bastiel able to stratify CP-B+AB patients
into two risk categories (Supplementary Table 5l 8). According to this model, patients
with a CP score > 7 points (n=299), had a signifiisaworse survival than those with CP
score = 7 points (n=165) (Log Rank p <0.0001) ailhgato stratify them into a “low risk CP-
B+AB” category and a “high risk CP-B+AB category’'Sypplementary Figure 2).
Importantly, p-TIPS markedly improved survival il?@+AB high risk category (CP-B+AB
with a score of 8 and 9 points; Log rank p=0.00Bgure 2.A) but did not in patients with
CP-B+AB of 7 points (CP-B+AB low risk group) (LogaRk p=0.68; Supplementary Figure

2.B).

Composite end-point: Failurein controlling acute bleeding/prevention of rebleeding

Three hundred thirty-seven patients reached thgosite end-point (309 or 30.3% in
the Drugs + Endo group and 28 or 9% in the p-TIR®Ig). P-TIPS significantly reduced the
risk of failure to control bleeding/preventing waal rebleeding (HR=0.338, Cl 95%: [0.252-
0.453], p<0.001) (Table 3). The beneficial effetpellPS was observed both in CP-B+ AB
(HR=0.276, Cl 95%: [0.168-0.453], p<0.001) by radgcit with 73% and in the CP-C
patients (HR=0.354 [0.243-0.515], p<0.001) by rexdlgdat with 65% (Supplementary Figures
3 A, B and C). Similar results were observed wheatld and liver transplant were considered
as competing risk events (Supplementary TableB&nefit for patients treated with p-TIPS in
reducing failure in controlling acute bleeding araticeal rebleeding was observed in both
CB-B + AB=7 points (Log Rank p=0.0007) , as wellia<CP-B +AB> 7 points (Log Rank
p<0.0001) (data not shown).

New or worsening ascites



Three hundred-ninety-nine patients experienced newvorsening ascites (363 or
35.6% patients in the Drugs + Endo group and 36106% in the p-TIPS group). The risk of
developing new or worsening ascites was signifigamduced by the p-TIPS in the overall
population (HR#$.255, Cl 95% [0.173-0.378p<0.001) but also in both subgroup of patients,
reducing it with 72% in the CP-B +AB group (HR285, Cl 95% [0.144-0.563=0.001) and
by 80% in the CP-C group (HR=201, ClI 95% [0.121-0.335i<0.001)(Table 3)
(Supplementary Figure 4 A, B and C). Similar reswlere observed when death and liver
transplant were considered as competing risk ey&upplementary Table 3). Spontaneous
bacterial peritonitis developed in 4.4% of patieimtghe Drugs + Endo group (1.5% in the
CP-B+ AB group and 2.9% in the CP-C group) vs 0i6%he p-TIPS group (0.6% in the CP-
B+ AB group and 0% in the CP-C group). Benefit fmatients treated with p-TIPS in
reducing the risk of developing new or worseningitas was observed in CB-B + AB >7
points patients (LogRank p=0.0001), however, forECIPAB= 7 points, it could not be seen

(LogRank p=0.169) (data not shown).

Post treatment hepatic encephal opathy

Three hundred seventy-two patients developed at teee episode of post treatment overt HE
(263 or 26% in the Drugs + Endo treatment group Eofdlor 35% in the p-TIPS group). The
analysis showed no significant differences in tis& of developing HE either in the overall
population (HR=1.078 [0.841-1.382], p=0.553) orGR-B+ AB (HR=1.034 [0.690-1.549],
p=0.872) and CP-C groups (HR=1.107 [0.807-1.516]).529) (Table 3) (Supplementary
Figure 5 A, B and C). Similar results were obserwdten death and liver transplant were
considered as competing risk events (Supplemeiii@le 3). There was no difference in the
risk of HE episodes in both CP-B + AB=7 (p=0.97)daCP-B +AB > 7 (p=0.51) patients

treated with p-TIPS as compared to those treatdd Wiugs + Endo (data not shown).



Predictors of poor outcome in patients with p-TIPS:

In patients treated with p-TIPS, at univariate gsigl age, CP score and class, MELD
score, bilirubin, creatinine and albumin were fagtsignificantly predicting survival, all with
a significance level of p<0.10. Multivariate anagsidentified 3 models: 1) CP score,
creatinine and age (Harrel c-Statistics Index (811 [0.64-0.78]); 2) MELD score and age
(HI: 0.67 [0.59-0.75]) and 3) age, albumin, creiagnand bilirubin (HI: 0.68 [0.62-0.74])
(Table 4).
The model with the best Harrel c-Statistics Indetaded age>55 years, CP score >11 points
and creatininel.3 (AIC of 445, with HI of 0.71). Points were agsed for every variable in
the model according to the HR. Thus, 2.5 pointsewassigned if the patient’s age was >55
years, 3 points were assigned if CP score was nil12a&b points if the creatinine wa4.3
mg/dl. By using this model, 142 patients (46%)rirthe p-TIPS population were assigned at
the good p-TIPS prognosis group (0 points) andénddyear death-risk of 12%, 103 patients
(33%) were assigned at the intermediate p-TIPSnmsig group (2.5 points) with a 1 year
death-risk of 20.4%; 65 patients (21%) were assigatethe poor p-TIPS prognosis group (>
2.5 points) with a 1-year death risk of 40.3% (Seppentary Figure 6). The application of
this mathematical model to the 1017 patients nmiveng p-TIPS, also allow to classify them
as good prognosis (n=439; 26.6% mortality) interiatedprognosis (n=338; 39.4% mortality)
and poor-prognosis (n=240; 55.2% mortality). SuaVigurves were compared between the
two groups (p-TIPS and Drugs + Endo) for each cislss. Survival was significantly better
in the p-TIPS groups for every risk level (Figuréa38,C).

A further analysis of potential futility on the gHAS group was performed analyzing
the outcome of patients with high bilirubin leveorty-three patients treated with p-TIPS

and 208 treated with Drugs + Endo had bilirubinelsv>5 mg/dL. In this subgroup of



patients survival was also significantly higherthe p-TIPS than in the Drugs + Endo group
(p=0.0006). Similarly, 13 p-TIPS patients vs 7xhe Drugs + Endo had a bilirubin level >10
mg/dl. Again, survival in those patients was siguaihtly higher in the p-TIPS group

(p=0.0086) (Supplementary Figure 7 A, B).

Discussion

Acute variceal bleeding is one of the most lifestiting complications of cirrhosis.
This is especially true for the subgroup of pasenith a high-risk of treatment failure even
when treated with the current standard of Tafeatients presenting treatment failure have a
high mortality rate regardless finally controllifgeeding using rescue TIPS. This fact
justifies the strong need of identifying patientsaahigh-risk of treatment failure in whom
early application of more effective treatments ¢mtcol bleeding such as TIPS may prevent
failure and presumably mortality. The role of praptive TIPS in the management of acute
variceal bleeding in patients with cirrhosis hagrbevaluated in several studies. The first
study applying the high-risk selection criteria fdne application of p-TIPS used
measurements of HVPGHowever, this is not easy applicable in clinipahctice and this
was the reason why the following studies used nea®y clinical criteria: CP class and
presence of active bleeding at diagnostic endosdeppite the fact that patients were already
receiving vasoactive agefifs. Overall, these studies clearly demonstrated h@PS
(always within the first 72 hours after admissian¥ignificantly better than the use of drugs
plus endoscopic treatment in controlling varicebdeling, preventing new or worsening
ascites without increasing the incidence of hepaticephalopathy. Nonetheless, the benefit
in survival is less clear. Accordingly, while it salearer for CP-C patients, the potential
effect of improving survival in CP-B+ AB was morentroversial. However, it must be

taking into account that none of the previous @sidiad enough sample size to accurately



analyze survival in different CP classes. This latktrong evidence on survival is the reason
why in the last update of the Baveno consensusecenée, p-TIPS was reported as an option
for AVB in patients at high risk of treatment fai but neither Baveno conference nor the
new AASLD guidelineSrecommended p-TIPS as the first choice treatnmmrthese patients.
In both guidelines it was emphasized the need mdiroo survival benefit, to understand basal
predictors of poor outcome and to better definehigb-risk criteria of treatment failure.

We performed this meta-analysis of individual datarder to re-evaluate the outcome
of p-TIPS in a larger study population and in agerto evaluate the different endpoints
separately in patients with CP-B and CP-C classthEtmore, the unique opportunity to
gather a large number of patients with differentesity of liver disease treated with p-TIPS
allowed us to evaluate whether there is a subgofupese high-risk patients with AVB in
whom p-TIPS could be futile.

The results of the current metanalysis of individpatient data including a large
number of patients with cirrhosis and a high-riskA¥B confirms that the use of pre-
emptive TIPS significantly reduces mortality. ledethe number of patients with a high-risk
AVB treated with a p-TIPS required to save a I§@nly four. This figure compares very well
with other medical approaches completely accemerkat severe medical conditiéh<Even
more important, the current study clearly demomssréhat the beneficial effect on survival is
strong and clear in both CP-C and CP-B+AB patidntieed, by including a large number of
patients, it allowed us to demonstrate the beéfg-TIPS over standard of care in CP-B +
AB patients with AVB. Nevertheless, in order to mvoéhe impact of minor differences in
baseline clinical characteristics among patiergatad with p-TIPS and with Drugs + Endo,
prompted us to look whether there was a subgroupRaB+ AB that could benefit the most
from p-TIPS. Indeed, when we analyzed the survinadCP-B+ AB patients, mortality was

clearly worse in those with a CP score of 8 an@iftp in comparison to that “good” CP-B of



7 points. Interestingly, while p-TIPS did not mgdgrognosis in the 7 points “good” CP-B+
AB patients, it significantly improved survival @P-B+ AB with a CP score greater than 7.
These results may explain, at least in part, tleipus conflicting results on the benefit on
survival in CP-B+ AB patients that may be relatedhe different proportion of CP-B of 7
points in the cohorts of patients evaluated. Anyhewven without a survival benefit, the CP-
B= 7 + AB, patients did benefit from TIPS by rechgithe risk of the combined end-point of
failure in controlling bleeding/rebleeding or bydteing, however not significantly, the risk
of new onset or worsening of ascites without insieg the risk of hepatic encephalopathy.
Despite the fact in the first RGTcompared to the other studies in the meta-arslysith
arms did not use the current considered “gold” ddiaeh (Stents were non covered and the
medical arm only used sclerotherapy for first ewdpgc treatment and monotherapy -non
selective beta blockers or banding- for preventbrebleeding), we decided to include it in
the individual patient data meta-analysis to b&nekisive as possible. Besides, NSBB alone
seem to have a major role in reducing rebleedind) mortality in Child B and Child C
patient§®._ Nevertheless, this study accounted for only 2#8tm the overall population
included. Moreover, we performed a sensitivity gs@l regarding survival after excluding
this study, and the results remained the same.

Additionally to the effect on survival, the p-TIR®ated patients had a better control
of bleeding, less rebleeding, best control of ascand very importantly without increasing
the probability of developing hepatic encephalopath adjusted as well as at unadjusted
analysis. These effects were homogenous in CP-Cimn@P-B+ AB patients, overall
emphasizing the benefit of p-TIPS patients witlhhosis and high-risk AVB.

In this meta-analysis, we looked whether thegessibgroup of patients treated with p-
TIPS where this treatment might be risky. Althougé were able to identify different risk

categories in the p-TIPS population based on ade,s€ore and creatinine, in all risk



categories patients with p-TIPS proved beneficiatomparison to those treated with Drugs +
Endo. Moreover, even in patients with severe limepairment (defined by a bilirubin > 5
mg/dL or >10 mg/dL) p-TIPS did not increase the taldy. These findings suggest that even
in patients with high risk of death, p-TIPS mightl ©e the treatment of choice. However,
these results should be taken with caution sinég @ of the patients included in the meta-
analysis had bilirubin > 10 mg/dlI.

This meta-analysis has several strengths: firstlgucceeded to include the largest
population of high-risk patients according to tha&rent criteria; secondly, by doing an
individual patient data analysis it was able ta@ase the statistical relevance and the effect
size; thirdly, by including a high number of CP-BBAatients it was able to clarify the
indication of p-TIPS in this population and to iti§nthe subgroup of high risk patients that
strongly benefit from p-TIPS placement in termssafvival; fourthly, it was able to detect
predictive factors of poor survival in patientsated with p-TIPS although, irrespective of
this, the outcome was always better with p-TIP$ th@éh Drugs + Endo which confirms the
benefit of p-TIPS in Child C patients .

The limitations of this analysis reside on thet fdmat it included only patients that
fulfilled one specific high-risk criteria withoutelng able to analyze if other high-risk criteria
might have better classified patients with cirrBosind AVB. Another limitation is the
inclusion of more observational studies than RCIRCTs vs 4 Observational) which is
prone to inclusion confounding factor since theS [tacement was left to the choice of each
center. However, the inverse Probability of theafmeent Weights statistical approach was
used to minimize between arms differences. Therégpeof TIPS placement might not have
been homogenous across all studies. This togetitlerthe heterogeneity of treatment in the

standard-of-care arm might be other limitationshef study.



In conclusion, the present individual patient data meta-analgis@vs that in patients
with cirrhosis who present with acute variceal Hblag, p-TIPS placement in high risk
patients (defined as CP-B+ AB > 7 points and CP<1@ points) significantly improves
survival in comparison with Drugs + Endo, signifitlg reduces failure to control bleeding
and rebleeding, and decreases new or worsening&sathout increasing the risk of hepatic

encephalopathy.
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Figure 1 Survival at one year in A. all population; B. GhPugh B +AB population; C. Child
Pugh C population

Figure 2 Survival at one year of patients treated with P \vs. Drugs+Endo for A. Child-
Pugh B>7 points + AB patients and B. Child-Pugh Breihts + AB patients

Figure 3 Survival at one year of patients treated with pS\vs Drugs+Endo in A. good p-
TIPS prognosis group, B. intermediate p-TIPS praeghgroup and C. poor p-TIPS prognosis

group



Table 1 Baseline characteristics of patients inetLith the studies

Variable at RAW IPTW
admission Drugs+Endo p-TIPS p-value  StdDiff Drugs+Endo p-TIPS p-value StdDiff
Gender: male 769 (75.6%) 220 (71.%) 0100 -10.9% | 759 (74.6%)  232(75.5%)  0.7506 1.2%
Age 53(46-61) 54 (45- 62) 0830 39% | 53(46-61) = 53(44-62)  0.261 5.3%
Ethiology
alcohol 566 (55.7%) 151 (48.7%) 00317 -152% | 555(545%) 168 (54.8%)  0.9237 0.4%
viral 415 (40.8%) 115(37.1%) 02430 -11.8% | 400 (39.4%)  118(38.6%)  0.7920 -1.1%
othel  76(7.5%, 15(4.8%, 0108  -18% 68 (6.7%, 16(5.2%, 0.3541 4.7%
Child Pugh Class
Child Pugh C 553 (54.3%) 172 (555%) 07315 3.6% | 553 (54.3%) = 170(55.1%)  0.8131 2.8%
Child B+ AB 464 (45.6%) 138 (445%) 07315 3.6% | 464 (45.6%) 137 (44.9%)  0.8131 -2.8%
Child Pugh Score 9.6 (8 — 11) 10(8-11) 06333 -06% | 10(8-11) 10(8-11)  0.8310 1.0%
glreee‘}’:jci’rfs variceal 354 (34.80%) 120 (38.7%)  0.2095 8.2% | 358(35.2%) 100 (32.6%)  0.3921 -3.5%
Previous HE 271 (26.6%) 63(20.3%) 00247 -47% | 266 (26.1%) 64(20.7%)  0.0532 -4.5%
Previous Ascites 571 (56.1%) 197 (635%) 00208 12.2% | 583 (57.4%)  171(559%)  0.6568 -3.8%
MELD 147(11-19)  15(12-19.9) 00509 11.8% | 149 (11-19) 14.6(11.7-19.9 0.4951 -4.8%
<=11 28E (28.02% 66 (21.3% 275 (27%) 73(238,
12-18 437 (42.9%) 152 (49%) 437 (42.9%) 146 (47.6%)
>=19 29 (29%) 92(29.7% 30¢ (30%, 88 (28.7%
Creatinine (mg/dl)  0.81 (0.64 - 1.10) 0.83 (0.68-1.08) 09726  1.4% | 0.82(0.64-1.12) 0.83 (0.67-1.09) 0.9958 -0.4%
Bilirubin (mg/dl)*  2.47(1.26-4.40, 1.91(1.2(-327, <0001 -21.8% | 2.4C(1.2:-4.30, 2.1((1.3(-3.8) 0.997¢ -4.9%
INR* 160 (1.33-1.97) 1.63(1.36-2.0) 00811 2.3% |1.61(1.33-1.98) 1.60(1.32-199) 0.7731 -1.7%
ALT (UIL) 36 (24 - 59) 35(22-56) 09543 -12.4% | 36(23-60)  35(22-55)  0.4267 -6.3%
AST (UIL) 72(44-120)  64(45-116) 0.6016 -15.1% | 72(44-120) 69 (45-113) 0.2919 -7.3%
Albumin (mg/dl) 26(23-29)  255(22-29.4) 05520 -2.1% | 26(23-29.00) 25.7(22-29.5) 0.5809 -1.3%
Na (mEq/L) 137 (134-141) 138 (134-141) 02315 7.3% | 137.5(134-141) 138 (134-141) 0.5106 4.2%
Platelets 80.000 (52.000— 77.000 (50.000- oo 1550 | 78:000 (50.000- 81.000 (54.000- (o0 17%

118.000)

114.000)

114.000)

128.0000

TIPS, transjugular intrahepatic portosystemic shdit, hepatic encephalopathy

Descriptive statistics are frequencies (%) for gatieal variables and median (25-75% interquaréifgge) for continuous variables.

* values above 25%

For INR: range 0.9-10; for Bilirubin range 0.10-4®/dI



Table 2. Summary of efficacy measurement variaddsyear

Variable - Drugs+Endo -
Child-Pugh class (n=1017) TIPS (n=310)
Post-Treatment Hepatic |B+AB 107 (23.1%) 40 (29.0%)
Encephalopathy C 156 (28.2%) 69 (40.1%)
Post-treatment new or  |B+AB 126 (25.2%) 14 (10.1%)
worsening ascites C 237 (42.8%) 22 (13.3%)
Failure to control bleeding B+AB 117 (42.8%) 13 (13.8%)
plus variceal rebleeding |c 192 (44.8%) 15 (6.4%)
_ _ B+AB 18 (4.0%) 10 (8.3%)
Liver Transplantation
C 31 (5.6%) 22 (12.8%)
_ B+AB 111 (23.9%) 18 (13.1%)
Mortality
C 242 (43.8%) 37 (21.5%)
_ o B+AB 15 (3.2%) 2 (1.5%)
Bacterial peritonitis
C 30 (5.5%) 0 (0.0%)

TIPS, transjugular intrahepatic portosystemic $h&B, active bleeding




Table 3. Risk of Death, Ascites, Hepatic Encephatlioyp and Failure to control bleeding and rebleedisigg non competitive ris
approaches in the Whole High-Risk cohort and théd@®ugh B + AB and Child Pugh C groups

| RAW analysis | IPTW analysis

HR [1C95%] P-value HR [1C95%] P-value

Al 0.475 [0.350-0.646] <.001 0.443[0.323-0.607]  <.001

Death Child B+AB 0.519 [0.303-0.886] 0.016 0.524 [0.300.896] 0.018
Child C 0.423 [0.292-0.614] <.001 0.374 [0.25355E] <.001

Al 0.233 [0.152-0.358] <.001 0.255[0.173-0.378]  <.001

Ascites Child B+AB 0.334[0.171-0.652] 0.001 0.285 [0.148.563] <.001
Child C 0.166 [0.094-0.294] <.001 0.201 [0.221335] <.001

. Al 1.092 [0.854-1.397] 0.483 1.078[0.841-1.382] 0.553
Eﬁgg};ﬁopmhy Child B+AB 1.043 [0.702-1.551] 0.833 1.034 [0.69D.549] 0.872
Child C 1.112 [0.815-1.518] 0.502 1.107 [0.8a7516] 0.529

Eailure to Al 0.287 [0.210-0.391] <.001 0.338[0.252-0.453] 081
control bleedingChild B+AB 0.263 [0.160-0.432] <.001 0.276.168-0.453] <.001
and rebleeding| cpq ¢ 0.298 [0.199-0.445] <.001 0.354[0.243-BF1  <.001

Drugs+Endo treatment is the reference categorgigkrcalculation




Table 4. Univariate and multivariate analysis farvsal in patients treated with p-TIPS.




Univariate analysisof p-TI1PS patients

Multivariate analysis of p-TIPS patients

Variable

Gender male

Alcoholic etiology

Child Pugh score

Child Pugh C
Child-Pugh>11

Age

Age >55y

MELD
MELD 219

Creatinine

Creatinine=1.3
mg/dl

Bilirubin
Albumin
Albumin <27 g/l
Sodium
Platelets

INR

HR[95% CI]

0.74[0.4-1.369]

1.37[0.754-2.488]

1.29[1.073-1.554]

3.50 [1.008-3.508]
2.83[1.484-5.428]

1.05 [1.022-1.083]

2.664 [1.428-4.971]

1.049 [0.999- 0.103]
2.120 [1.155-3.890]

1.951 [1.13-3.36]

2.230[1.125-4.421]

1.068 [1.004-1.136]

0.959 [0.914-1.007]
2.113[1.067-4.181]
0.992 [0.945-1.04]

1 [0.995-1.005]

0.983 [0.84-1.413]

P value

0.34

0.30

0.006

0.04

0.001

0.0001

0.002

0.06

0.01

0.02

0.02

0.04

0.09

0.03

0.73

0.93

0.92

Model 1

M odéel
2

Modd 3

Variables HR [95% CI] P Harrel
value | index
Age>55 years 2.769 [1.480-5.180] 0.001
ChildPugh>11 3.338[1.728-6.449] |  <0.0070.71 [0.64-
0.78]
Creatinine1.3 2.461[1.228-4.929] 0.01
mg/dI
Age>55 years 2.855[1.526-5.343] |  0.001
MELD>19 2.341[1.272-4.308] | 0.006 8'%][0'59'
Age>55 years 2.283[1.396-3.734] |0.001
Bilirubin=3 mg/dl | 2.155 [1.331-3.492] | 0.002
0.68 [0.62-
Creatininel.3mg/dl | 2.051[1.167-3.604]| 0.01| 0.74]
Albumin<27g/l 1.656 [0.982-2.795] | 0.06
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What you need to know:

Background and Context: Compared with drugs plus endoscopy, placement of transugular
portosystemic shunts within 72 hrs of admission to the hospital (preemptive TIPS) increases
survival times of high-risk patients with cirrhosis and acute varicea bleeding, but the benefit is

less clear for patients with a Child-Pugh score of B and active bleeding.

New Findings: In ameta-anaysis of datafrom 7 studies of patients with cirrhosis, acute variceal
bleeding, and Child-Pugh score C below 14 points or Child-Pugh B plus acute variceal bleeding,
preemptive placement of TIPS reduced risk of death within 1 year compared with drugs plus
endoscopy, and reduced bleeding and ascites without increasing the risk of hepatic

encephal opathy.

Limitations: This was a meta-analysis of randomized controlled and observation studies.

Additional prospective studies are needed.

Impact: Patients with cirrhosis and Child-Pugh score C (below 14 points) or Child-Pugh B plus
acute varicea bleeding should receive preemptive placement of TIPS, rather than drugs plus

endoscopy.

Lay Summary: This study analyzed data from 7 studies of high-risk patients with cirrhosis and
acute variceal bleeding and found that preemptive placement of TIPS reduces the risk of death

and controls bleeding and ascites better than treatment with drugs and endoscopy.



Impact of Treatment on mortality by Study (All patients)
Hazard Ratio and 95% CL
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Supplementary tables

Table 1. The characteristics of every study inetlith the meta-analysis

Study Year of Type Centers | High risk No patients/ Protocol
publication definition No p-TIPS
Monescill 2004 RCT 2 centers  HVPG > 20 34/17 Starting vasoactive drugs
oA’ in Spain | mmHg used in (somatostatin) and performing a
the original single session of injection
study sclerotherapy as treatment of
episode. HVPG measured
We included within 24 hours after admission.
only the patients Patients with HYPG20 mm
that fulfilled the Hg were randomized for
current high-risk treatment with p-TIPS or
criteria: Child- pharmacological treatment
Pugh C<14 or (NSBB). EBL was performed
Child- Pugh when NSBB were
B>7 with AB contraindicated/not tolerated. In
patients assigned to p-TIPS arm,
TIPS was placed as soon as
possible and always within 24
hours from admission.
Garcia- 2010 RCT 9 centers ' Child-Pugh 63/32 Starting standard of care
Pagan in Europe C<14 or treatment with vasoactive drugs
Jc Child-Pugh B-7 and performing initial
with active endoscopic treatment within 12
bleeding hours with endoscopic banding
ligation or injection
sclerotherapy if necessary. Then
randomization to E+P or p-
TIPS. In p-TIPS arm, TIPS was
placed as soon as possible and
always within 72 hours from
admission.
Garcia- 2013 Observatio 9 centers | Child-Pugh 75145 Starting standard of care
Pagan nal in Europe C<14 or protocol at admission according
J retrospectiv Child- Pugh to Baveno guidelines; p-TIPS
e B>7 with AB was a medical decision; it was
always performed within 72 h
from ABV.
Rudler 2014 Observatio 1 center | Child-Pugh 59/30 Starting standard of care
M’ nal France C<l4 or protocol at admission according
prospective Child- Pugh to Baveno guidelines; p-TIPS
B>7 with AB was a medical decision; it was
always performed within 72 h
from ABV.
Hernande 2019 Observatio 33 centers Child-Pugh 671/64 Starting standard of care

z-Ged

nal in Europe

C<l4or

prospective + 1 center Child- Pugh
in Canada B>7 with AB

protocol at admission according
to Baveno guidelines; p-TIPS
was a medical decision; it was
always performed within 72 h
from ABV.



Yong 2018 Observatio 12 centres Child-Pugh 369/86 Starting standard of care
Lv10 in China  C<14 or protocol at admission according
retrospectiv Child- Pugh to Baveno guidelines; p-TIPS
B>7 with AB was a medical decision; it was
always performed within 72 h
from ABV.
Yong LV 2019 1 centre | Child-Pugh 56/36 Starting standard of care
in China C<14 or protocol at admission according
Child- Pugh to Baveno guidelines; p-TIPS
B>7 with AB was a medical decision; it was

always performed within 72 h
from ABV.

TIPS, transjugular intrahepatic portosystemic shR@T, randomized controlled trial; HVPG, hepatenous
pressure gradient; AB, active bleeding, NSBB, nelactive beta blockers; EBL, endoscopic band ligati

Patients were included only if they fulfilled thaerrent high-risk criteria (CP-B+AB, CP-C<14)

Supplementary Table 2. Causes of death stratified by treatment groupGhittl-Pugh Class

Drugs+Endo TIPS
Cause of Death CP-B+AB cP-C CP-B+AB cP-C
n=111 n=242 n=18 n=37
Sepsis/IMSOF 18 (16%) 56 (23%) 3 (17%) 13 (35%)
Liver Failure 28 (25.5%) 94 (39%) 9 (50%) 16 (43%)
Variceal Bleeding 42 (38%) 54 (22.5%) 1 (5%) 0 (0.0%)
Other/NA 23 (21%) 38 (16%) 5 (28%) 8 (21.6%)

Drugs + Endo, pharmacological treatment + endoscbiRS, transjugular intrahepatic portosystemic
shunt, CP-B, Child Pugh B + active bleeding, CR=@ild Pugh C, MSOF, multi systemic organ failure,

NA, not available.



Supplementary Table 3. Risk of Death, Ascites, Hepatic Encephalopattyy Railure to control bleeding an
rebleeding using competitive risk approaches inttimle High-Risk cohort and the Child Pugh B + Aigla

Child Pugh C groups

RAW IPTW
HR [C195%] Pvalue |HR [CI95%)] P-value
Ascites All Fé.zfgmsg 1 <0.0001 | 0.276[0.118-0.406] <0.0001
CP-B+AB |0.353[0.181-0.689] 0.0023 | 0.304 [0.15547] |0.0005
CP-C 0.197 [0.112-0.349] <0.0001 | 0.232 [0.14-0.3880.0001
_ Al 1.264[0.985-1.623] | 0.0656 1.231 [1.035-1.734]0®
E'ﬁggf;‘fopathy CP-B+AB |1.197[0.805-1.78] | 0.373 1.175 [0.80581.7|0.1373
CP-C 1.319[0.961-1.812] 0.086 1.307 [0.952-1.785P98
Failure to controlAl 0.291 [0.214-0.359] | <0.0001 | 0.281 [0.174-0.455D.0001
bleedingand |CP-B+AB |0.267 [0.165-0.43] | <0.00 0.283 [0.1697G} | <0.0001
rebleeding CP-C 0.303 [0.202-0.453] <0.0001 | 0.361 [0.246-0.53]0.0001
Al 0.468 [0.346-0.632]| <0.0001 | 0.431[0.316-0.5989.0001
Death CP-B+AB |0518[0.301-0.891] 0.017 0.523 [0.3D892 | 0.017
CP-C 0.412 [0.287-0.59] | <0.0001 | 0.359 [0.246-0}52%8.0001

Drugs+ Endo is the reference category for riggutation




Supplemetary Table Sensitivity analysis of risk of Death using nonvgetitive risk approaches in t
Whole High-Risk cohort and the Child Pugh B + ARI&hild Pugh C groups after removal of
Monescillo et al patient data

| RAW analysis | IPTW analysis
HR [I1C95%] P-value HR [I1C95%] P-value
All 0.488 [0.356-0.668] <.001 0.447 [0.323 - 0.620] <.001
Death | Child B+AB  0.548 [0.315-0.954] 0.0333 0.548 [0.316.952] 0.0329
Child C 0.430 [0.294-0.628] <.001 0.373 [0.2495579)] <.001
All 0.235[0.152-0.364] <.001 0.260[0.175 - 0.386] <.001
Ascites | Child B+AB  0.317 [0.157-0.638] 0.0013 0.275 [0.1:3®.556] 0.0003
Child C 0.176 [0.099-0.311] <.001 0.214 [0.228356] <.001
Hepatic Al 1.108 [0.862-1.423] 0.4243 1.095[0.851 - 1.409 0.482
Encefalopa Child B+AB  1.018 [0.675-1.536] 0.9308 1.016 [0.67D540] 0.9419
thy Child C 1.153 [0.843-1.577] 0.3743 1.153 [0.841582] 0.3763
Failure to All 0.290 [0.210-0.400] <.001 0.344 [0.254 - 0.466] <.001
control | chiig B+AB 0.257 [0.152-0.434] <.001 0.276 [0.165 - 0.463] <.001
bleeding
and Child C 0.308 [0.204-0.466] <.001 0.378 [0.258552] <.001
rebleeding
Drugs + Endo treatment is the reference categwryidk calculation
Supplementary Table5 A. Univariate analysis of factors predicting suatiin CP- B+AB patients
Variable HR 95% ClI P Value
Age 1.026 1.008 1.045 0.0043
Albumin 0.959 0.928 0.991 0.0115
Bilurrubin 1.063 1.018 1.11 0.0055
Child 1.52 1.197 1.929 0.0006
Creatinine 2.431 1.532 3.856 0.0002
Meld 1.068 1.029 1.109 0.0005
AgeGe56 1.632 1.107 2.405 0.0134
AlbuGe27 1.745 1.157 2.631 0.0079
Creatinine 1.3 2.492 1.566 3.965 0.0001
bilirrubin 3 1.237 0.692 2.214 0.4728
etiology 0.96 0.647 1.425 0.8403
Supplementary table 5 B. Multivariate analysis of factors predicting swadiin CP- B+AB patients
Model Variable P value HR 95% ClI C Statistics
Age 0.0045 1.026 1.008 | 1.045
model 1 Albumina at admission | 0.0125 0.96 0.93 0.991 | 0.643
MELD at admission 0.0007 1.065 1.027 | 1.105
Albumin<=27 0.0127 1.686 1.118 | 2.544
model 2 Meld>=15 <0.0001 | 2.418 1.597 | 3.662 | 0.6479
Age>=56 0,0133 1.632 1.107 | 2.406




Age>=56 00128 | 1.637 111 | 2412

Model3 0 id>=15 <0.0001 | 2.474 1634 | 3.747 | %1
Albumina at admission | 0.0133 | 0.961 0.931 | 0.992

Model 4 FiEiD at admission | 0.0006 | 1.067 1028 | 1.108 | 00198
Albumin<=27 00123 | 1.691 1.121 | 2.551

Model 5 ids=15 <0.0001 | 2.406 1589 | 3.6a4 | 0-03%%

Model 6 | Meld>=15 <0.0001 | 2.468 163 |3.737 | 0578
Age 00422 | 1.019 1.001 | 1.038

Model 7 Creatinine at admissi 0.0084 1.9 1.178 | 3.062 | 0.6522
ChildPugh Score atad | 0.0036 | 1.429 1.124 | 1.818

Model 8 | Child>=8 <0.0001 | 2.612 1.617 | 4.221 | 0.5964
Age>=56 0015 | 1.618 1.098 | 2.385

ModelS ey iigo=g <0.0001 | 2.599 1600 |42 | 06318
Creatinine>=1.04 <0.0001 | 2.372 1.588 | 3.544

Model 10 e iiiomg 0.0002 | 2.53 1565 | 4.089 | 06494




