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ABSTRACT

Background & Aims. Management of patients with cirrhosis includes aedpic screening
and surveillance to detect esophageal varices @&\ prevent bleeding-Hdowever, the
Baveno VI guidelines recommend avoiding endoscopigspatients with liver stiffness
measurements below 20 kPa and platelet counts at&¥@00 (favorable Baveno VI status)
and endoscopic assessment of patients with highetd of liver stiffness and platelet counts
(unfavorable Baveno VI status). We aimed to vaéddie Baveno VI guidelines, evaluating
outcomes of patients in the ANRS-CO12 CirVir cohwith compensated cirrhosis associated
with hepatitis B virus (HBV) or hepatitis C viruslCV) infection, with or without a sustained
response to antiviral therapy.

Methods: We performedan ancillary study using data from 891 patientthen ANRS CO12
CirVir cohort, treated at 35 centers in FrancehwdCV or HBV infection and biopsy-proven
cirrhosis, Child-Pugh A scores, no previous congtlans, and no hepatocellular carcinoma
who underwent an endoscopic procedure and hadpmetable liver stiffness measurements
and platelet counts. Progression of portal hypsiten(PHT) was defined as the onset of
varices needing treatment (VNT) or PHT-related thleg. An sustained response to antiviral
therapy was defined as undetectable level of HC\ARM PCR assay (<50 1U/mL) 12 weeks
after the end of treatment (SVR) or an undetectéel of HBV DNA. The primary aims
were to validate the Baveno VI guidelines for snieg and surveillance of EV in patients
with compensated cirrhosis and to study the effetts SVR on the progression of PHT.

Results: Two hundred patients achieved an SVR (22.4%) (9 mpiz with HCV infection, 98
patients with HBV infection, and 8 patients withtlipp 80 of these patients had favorable
Baveno VI status and none had VNT. ProgressiorH3f ®as studied in 548 patients; during
a follow-up period of 61.2 months (interquartilenga, 39.5-80.6 months), 105 of these
patients (19.1%) had progression of PHT. Lack of $MR and grade 1 EV were
independently associated with progression of PHT.th® time of PHT progression, all
patients had unfavorable Baveno VI status. Achgvievorable Baveno VI status after an
SVR was associated with the absence of PHT pragresBavorable Baveno VI status and
SVR were independently associated with survival.

Conclusions: In an analysis of data from a large cohort of pasienith HBV- or HCV-
associated cirrhosis in France, we validated theeBa VI guidelines on screening and
surveillance of PHT—even for patients who achiexsedustained response to antiviral
therapy.

Key words: portal hypertension; elastometry; esophagus; ®atioleeding

Electronic Word Count: 408 words



Variceal bleeding is one of the principal complicas of cirrhosis. Despite major improvements & it
management, mortality remains as high as 15% aftiest episode of bleedirly Primary prophylaxis

of variceal bleeding, using either beta-blockerdpg or band ligation, can reduce the bleedingbgte
50% and should be indicated when patients dispdapleageal varices (EV) needing treatment (VNT,
i.e. large or grade 2 or 3 varices). The managemwiecitrhotic patients therefore includes endoscopi
screening and surveillance so that prophylaxis baninitiated. Prior to 2015, endoscopy was
mandatory in all cirrhotic patients at the timedsfignosis, and endoscopic follow-up was indicated
each year in patients with grade 1 EV, and everg tw three years in patients with no £V
Application of this strategy was cost-effectivetlire past, when up to 30% of patients displayed VNT
at endoscopic screening. However, because of tespiead use of non-invasive methods, cirrhosis
is now diagnosed at an earlier and compensated %tag that the number of futile endoscopies has
riserf. Moreover, as far as viral cirrhosis is concernégl suppression, is now achieved in the vast
majority of patients. Viral suppression has beeowshto be associated with a decrease in portal
hypertension (PHT) measured from the hepatic verprassure gradient in patients treated with
interferon>”’. However, due to the low rates of SVR (and thighlls selected patients with SVR), it is
unclear whether the results of these studies @igly 40 current IFN-free therapies. Later, sameiliss
were obtained using HCV therapies without intemfiefd? in monoinfected and also coinfected
patients'. Viral suppression induced also a reduction inittuédence of EV in small seriéd ** a
reduction in the progression of PHT and even PHjfession in a small series of HBV patietitsas
well as a decrease in PHT-related bleedfhd\s a consequence, one could speculate that th@etu

of futile endoscopies during follow-up may alsoibereasing in HCV or HBV cirrhotic patients. Last,
adherence to screening and follow-up recommendsatias been shown to be far from satisfacfory
Because of recent studies showing that patients matmal platelet counts associated with low liver
stiffness have a very small risk of displaying VN¥ *° the guidelines on the screening and
surveillance of EV were recently completely revisedhe Baveno VI conferené® It was stated that:
(1) patients with LS <20kPa and a platelet couriCzQ00 (a “favorable Baveno VI status”) can no
longer undergo endoscopic screening (first reconaaion, level of evidence 1b; A); (2) regular

LSM and platelet counts should be assessed inatités subset of patients, and endoscopic screening



performed in the event of modifications to any lndgde parameters above/below the previous cut-off
points for LSM and platelets, respectively (secoecommendation, level of evidence 5D); (3) the
periodicity of endoscopic surveillance should beglhened in patients with cirrhosis in whom the
causal agent for cirrhosis has been cured and whmat display any other factors for liver
comorbidities, and should now be every two yeangatients with grade 1 EV, and every three years
in patients with no EV (third recommendation, levélevidence 5D¥°. The first statement has been
validated on numerous occasions since its pubtioati 2015'® 2" 22 during retrospective studies and
in one meta-analysfS, but never in a pure population of patients wiifacirrhosis. The follow-up
recommendations, including LSM, were stated anbigrand have never been validated. Lastly, all
previous recommendations, including that concerrfidigw-up once the etiological agent has been
cured, have never been validated in virally supggdsatients, in whom LSM values decrease after
SVR, even if this does not necessarily translate am improvement of fibrosis.

Since 2006, the prospective ANRS CO12 CirVir colmas included 1822 patients with compensated
viral and biopsy-proven cirrhosis recruited in 3®rith centefS. With the advantage of a definite
histological diagnosis of cirrhosis and the prosipecanalysis of clinical events, the lengthy faltaip

of the cohort has been able to accurately repoet ridiies of liver-related and extra-hepatic
complications in a competing risk framewdfk?’, which are furthermore dramatically impacted by
viral suppressior?’.

The aims of this study in the large multicenter\@ircohort were therefore: (1) to provide an
independent, prospective validation of the Baveno gdidelines regarding the screening and
surveillance of EV in patients with compensatedlviirrhosis; (2) to study the influence of viral
suppression on the progression of PHT, and (3alidate the Baveno VI criteria for the screening an

surveillance of EV in the subset of virally supmed cirrhotic patients.



METHODS

Details are provided in supplementary materials.

Patient selection

The present work was an ancillary study derivedhfthe ANRS CO12 CirVir cohoff. The patients
were recruited in 35 French clinical centers (Eihi), according to the main following selection
criteria: a) histologically proven Child-Pugh A rtiposis; b) HCV antibodies or HBs antigen positive;
¢) absence of previous complications of cirrhod)san endoscopic procedure performed less than one
year before inclusion; e) interpretable LSM withiyear of inclusion.

Follow-up

As a member of the CirVir cohort, patients werenséy physicians at least every six months
according to the recommendations for the monitorimg cirrhosis, and the usual
clinical/biological/Doppler US data were recordesgd details in supplementary materials). Regular
endoscopic surveillance was assured at the disoreif the physician but based on the French
consensus conference recommendations. PHT progmessis defined as the occurrence of grade 2 or
3 EV in patients with no prior EV or grade 1 EVetbccurrence of grade 3 EV in patients with initial
grade 2 EV, or the onset of a PHT-related bleedpigode.

Baveno VI status

A worsening of Baveno VI status was defined asat@urrence of either P#150,000/mm3 or LSM
>20 kPa at any time during follow-up in patientshnain initially favorable VI status. An improvement
in Baveno VI status was defined as a rise in tlaefst count above 150,000/mm3, together with a
decrease of LSM to <20kPa in patients with andlitiunfavorable status.

Antiviral therapy and viral replication

The primary efficacy endpoint for HCV and HCV-HBMfents was a sustained virological response
(SVR), defined as HCV RNA levels that were undetele by PCR assay (<50 IU/mL) at the end of a

12-week untreated follow-up period, and undeteet&tBV DNA levels in HBV patients.



RESULTS

Inclusion period and characteristics of patientsat inclusion

A total of 1,822 cirrhotic patients were includedtihe CirVir cohort, 151 of whom were subsequently
excluded from the analysis after a revision of widlial data because of either non-compliance with
the inclusion criteria (n=142) or the withdrawal @insent (n=9). The final analyses of the CirVir
cohort were therefore performed in 1,671 patiebd$, of whom were excluded: 519 (31.1%) did not
undergo endoscopy at inclusion, and 26 (1.6%) haidtary of banding for primary prophylaxis prior
to inclusion. Among the 1126 remaining patient§ @&re excluded because LSM findings or platelet
counts were not available at inclusion in ordea¢ourately assess their initial Baveno VI status. F
all these reasons, 891 patients were finally imetudn the present study (See consort diagram,
Supplementary Figure 1). Inclusion characteristiog the occurrence of PHT-related bleeding during
follow-up differed slightly between included andckided patients with respect to age, the etioldgy o
cirrhosis, and the severity of liver disease (deteed from platelet counts, liver function testslan
EV), with excluded patients displaying less severer disease (Supplementary Table 1a). For the
analysis, the reference date was December 31, 201#ich time the median duration of follow-up
was 61.2 months [IQR: 39.5 — 80.6]. The charadiesiof the 891 patients included are shown in
Supplementary Table 1. Sixty patients (6.8%) wakiny beta blockers (BB) at inclusion (30 patients
with grade 2/3 EV, 13 patients with grade 1 EV dfidpatients with no EV). Viral suppression was
observed at inclusion in 200 patients (22.5%) (9@VHpatients, 98 HBV and eight HCV-HBV
patients; p<0.001). Baseline characteristics dit differ between small and large size centres (i.e.
including less than or 14 patients vs more tharpddents) (Supplementary Table 2). At the end of
follow-up, 131 HBV patients (89.1%), 345 HCV pati€if48.9%) and 10 HCV-HBV patients (50.0%)
had achieved viral suppression ([missing data=1€(,.001).

At inclusion, the distribution of EV was as followso EV: 671 (75.3%); grade 1 EV: 148 (16.6%)
and grade 2/3 EV: 72 patients (8.1%). PHT gastigpatas seen in 204 patients (23.0%) and gastric
varices in 17 (1.9%). The characteristics of paseas a function of EV grade are shown in

Supplementary Table 3. All patients underwent adoafinal ultrasound at inclusion in order to
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exclude HCC; the different ultrasound parametersaagunction of EV grade are shown in
Supplementary Table 4. Only spleen size differgdifcantly as a function of the grade of EV.

LSM was performed within 3.2 months of inclusioQR: 0.7 — 6.9]: 390 patients (65.3%) had
LSM<20 kPa, and 264 (29.7%) a platelet count >1BW/AmM3. Overall, 221 patients (24.8%) had a
favorable Baveno VI status (Plt >150,000/mm3 andVL820 kPa) at inclusion. The initial
characteristics of patients as a function of Bavéhatatus are shown in Table 1. Patients with an
initially favorable Baveno VI status were more fnegtly male, infected with HBV, displaying a
significantly lower BMI and with viral suppressiaat inclusion. As expected, liver function test
findings differed significantly between the two gps; patients with a favorable Baveno VI status
suffered from less pronounced liver disease (detesanfrom ALT, AST, GGT, bilirubin and albumin

levels).

Presence and grade of EV asa function of initial Baveno VI status

The distribution of varices in the 221 patients vitaml a favorable Baveno VI status at inclusion was:
no EV: 205 (92.8%), grade 1 EV: 13 (5.9%) and gra@eEV: 3 (1.3%). Among the 670 patients with
an unfavorable Baveno VI status at inclusion, tregribution of varices was: no EV: 466 (69.6%),
grade 1 EV: 135 (20.1%) and grade 2/3 EV: 69 (10.8Pable 1). The distribution of varices thus
differed significantly between the two groups ofigats (p<0.001) (Figure 1a); among those with a
favorable Baveno VI status at inclusion, only th(2e3%) displayed VNT. All had HCV cirrhosis;
none of them was an active drinker and none displagral suppression. One of the three had a high
BMI of 28.1 and arterial hypertension, while thénast two did not exhibit any comorbidities (see
Supplementary Table 5 for details). None of thers ta&ing BB.

Considering the 200 patients who exhibited virglmession at inclusion, the distribution of varices
was as follows: no EV: 205 (84.0%), grade 1 EV:(20.5%) and grade 2/3 EV: 11 (5.4%). Eighty
patients (40%) had a favorable Baveno VI statug. diktribution of varices differed significantly as
function of Baveno VI status (p=0.004) (Figure ldn)d among the 80 patients with a favorable status,

none had VNT.
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Progression of PHT during follow-up

During follow-up, a further 343 patients were extdd from the longitudinal analyses: 328 because
they had neither undergone a follow-up endoscopyexperienced PHT-related bleeding, and 15
because they completed a follow-up endoscopy bdteharevious history of banding for primary
prophylaxis. The progression of PHT was therefdwelied in the remaining 548 patients (see
Supplementary Figure 1). Baseline characteristigsatients were not different between the patients
excluded and included in the follow-up study, exckp higher creatinine levels and lower PT in
included patients, and a slightly higher proportmipatients who had past or ongoing antiviral
therapy (Supplementary Table 1b). Among them atpemt, 284 (81 HBV patients, 197 HCV
patients and 6 HCV-HBV patients) achieved viral grggsion. Overall, 105 patients displayed a
progression of PHT during follow-up: 88 patientsveleped grade 2 or 3 EV and 17 patients
experienced a PHT-related bleeding episode. Thria@ssociated with the progression of PHT
under univariate analysis are shown in Supplemgfitable 5. Initial grade 2 or 3 EV, the use of beta
blockers, HCV etiology, the presence of diabetesaxerial hypertension, no viral suppression
achieved and an initially unfavorable Baveno Viis$a as well as more severe liver disease, a low
platelet count and high LSM were all significanthssociated with the progression of PHT
(Supplementary Table 6). Among the 88 patients lomw varices progressed, six experienced
subsequent PHT-related bleeding during follow-upe Tincidence of PHT-related bleeding was
dependent on the initial EV grade (Supplementaguife 2a), and was significantly higher in the

patients included in the follow-up study (Suppletaey Figure 2b).

Progression of PHT as a function of viral suppression and initial EV grade

The progression of PHT at 1, 3 and 5 years condetr®%, 4.1% and 4.1% of patients with no EV at
inclusion in whom viral suppression was achievéd, 05.7% and 15.7% of patients with grade 1 EV
at inclusion in whom viral suppression was achie@a%, 7.7% and 14.2% of patients with no EV at
inclusion in whom viral suppression was not achikaed 2.7%, 31.7% and 52.6% of patients with
grade 1 EV at inclusion in whom viral suppressioaswiot achieved (p<0.001). The cumulative

probabilities of PHT progression according to edpic findings at inclusion and the achievement of
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viral suppression are shown in Figure 2, Suppleargrigure 3 and Supplementary Figure 4. When
adjusting for the initial EV grade (no EV vs grafleEV vs grade 2/3 EV), an absence of viral
suppression remained significantly associated VAtHT progression (Supplementary Table 7).
Sensitivity analyses showed that the same facta®e vassociated with progression of PHT when

excluding patients with grade 2/3 EV at admissiBagplementary Table 8).

Progression of PHT as a function of initial Baveno VI status

PHT progression rates at 1, 3 and 5 years reache®.8% and 2.5%, respectively, in the 136 patients
with an initially favorable Baveno VI status who mgeincluded in the follow-up study, vs 3.9%,
15.9% and 24.3%, respectively, among the 412 gatigith an initially unfavorable Baveno VI status

(p<0.001) (Supplementary Figure 5).

Progression of PHT according to a worsening of Baveno VI status during follow-up

LSM findings were available and interpretable dgrfollow-up in 374/548 patients (68.2%), and in
113/136 patients (83.1%) with an initially favorabBaveno VI status. The number of LSM and
platelet determinations performed reached 2 [IQR: 4] and 9 [IQR: 6 — 12], respectively, (and 3
[IQR: 2 — 5] and 11 [IQR: 7.5 — 13] respectively arg the 113/136 patients with an initially
favorable Baveno VI status). Overall, 122 patiewitd initially favorable Baveno VI status underwent
at least one LSM or plt count measurement duririgvieup and the evolution of their Baveno VI
status could be assessed. The median delay betvé@measurements was 13.4 months [IQR: 11.2
— 24.1] in the 331 patients (43/78 did not have L&4essment at baseline but their Baveno status
was known as they had low platelets count), and &®nths [IQR: 11.4 — 27.0] among the 113/136
patients with an initially favorable Baveno VI stat

A worsening of Baveno VI status was observed ipéients with an initially favorable status within
a median period of 12.2 months [IQR: 6.7 — 37.(ctbrs independently associated with such a
worsening during follow-up were AST > ULN (HR=3.195% CI: 1.78; 5.59], p<0.001) and an

absence of viral suppression (HR=3.45 [95% CI: ]16767], p<0.001).
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There was a trend towards a greater progressi®Hafat 1, 3 and 5 years in patients whose Baveno
VI status worsened than among whose status didvogden (cumulative incidence at 1, 3, 5 years:
1.6%, 3.6% and 3.6% vs 0%, 1.2% and 1.2%, p=0.1fpEmentary Figure 6). This finding
remained true when just the 122 patients who uneleinaeveral LSM measurements during follow-up
were considered. All four patients with an inityafiavorable Baveno VI status who experienced a

progression of PHT had an unfavorable Baveno \Mustat the time of progression.

Progression of PHT among patients with viral suppression

Among the 284 patients who achieved viral suppoessat inclusion or during follow-up, a
progression of PHT occurred in 14 patients (4.99/246 (3.3%) without EV, 4/27 (14.8%) with grade
1 EV and 2/11 (18.2%) with grade 2/3 EV at inclusitog-rank test: p=0.005). Factors associated
with PHT progression in these patients were thaitial EV grade, beta-blocker treatment, a low
platelet count and a high LSM, and more severe liNgease at inclusion (Supplementary Table 9). It
should also be noted that even if viral suppresgiaa obtained, patients with initial grade 1 EW sti
experienced a not inconsiderable progression of BidT (15.7% at 3 and 5 years), whereas it was
negligible in patients without EV (Figure 2). Whadjusting for the initial EV grade (no EV vs grade
1 EV vs grade 2/3 EV), the use of beta blockerdswaplatelet count, a high LSM and more severe
liver disease remained significantly associatechwWRHT progression (Supplementary Table 10).
Sensitivity analyses showed that the same factan® vassociated with progression of PHT when

excluding patients with grade 2/3 EV at admissiBagplementary Table 11).

PHT progression in virally suppressed patients as a function of Baveno VI status at the time of viral
suppression

A Baveno VI status at the time of viral suppressigas available in 228/284 (80.2%) patients.
Overall, 64/228 patients (28.1%) had a favorableeBa VI status, and their progression of PHT at 1,
3 and 5 years was null, vs 3.4%, 8.1% and 8.1% gntha 164/228 patients (71.9%) with an

unfavorable Baveno VI status (p=0.007) (Figure 3).
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PHT progression in patients with HCV as a function of an improvement in Baveno VI status after
achieving an SVR

Variations in LSM values differed significantly patients with HCV depending on whether an SVR
had been achieved or not (considering the incluaiwh last LSM determinations: LSM delta of -2.0
[IQR: -6.3 — 0.3] in SVR patients, vs 0.7 [IQR: 34— 6.8] in non-SVR patients, p<0.001; data
available for 252 patients). Among the 76 SVR puatiethe median LSM was 13.4 [IQR: 8.8 — 18.9]
at inclusion, vs 8.9 [IQR: 6.3 — 15.3] at the lastasurement. When considering only the 44 patients
in whom an SVR occurred during follow-up and in whan LSM determination was available after
SVR, the median LSM was 14.4 [IQR: 9.3 — 19.5]retlusion, vs 9.3 [IQR: 6.4 — 17.8] at the last
measurement. Among these patients, 58 had an uafsleoBaveno VI status at inclusion which
subsequently became favorable in 17 (29.3%) of thBimne of these patients displayed any

progression of PHT, and five (8.6%) whose Bavenatdtus remained unfavorable during follow-up.

Factors associated with a progression of PHT under multivariate analysis

Factors associated with PHT progression duringpfelip under multivariate analysis are shown in
Table 2 and 3. An initially unfavorable Baveno Vatsis, grade 1 EV at inclusion, GGT, creatinine
and bilirubin not within the normal range, a low Rdvel, diabetes, and an absence of viral
suppression at endpoint were independently asgdciwith PHT progression in the final multivariate

model (Table 2). Considering the patients who erpeed viral suppression, only GGT levels,

prothrombin time and initial EV grade remained ipeledently associated with a progression of PHT
(Table 3). The same factors were retrieved in sigitgianalyses when excluding patients with grade

2/3 EV at admission (Supplementary Table 12a atg. 12

Survival
Out of the total of 891 patients, 111 (12.5%) dieding follow-up. The principal causes of deattaas
function of virological status and initial Bavend status are shown in Supplementary Tables 13a and

13b. Overall survival at 1, 3 and 5 years reach&8%, 99.3% and 98.3%, respectively, among the
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patients with an initially favorable Baveno VI statin whom viral suppression was obtained at
inclusion or during follow-up, vs 100%, 97.0% and.® among the patients with an initially
favorable Baveno VI status in whom viral suppressi@s not obtained, vs 99.3%, 97.5% and 97.5%
among the patients with an initially unfavorablevBao VI status in whom viral suppression was
obtained at inclusion or during follow-up, vs 98.492.0% and 81.6% among the patients with an
initially unfavorable Baveno VI status in whom Viguppression was not obtained (p<0.001) (Figure
4). An older age, the initial EV grade, the initBhveno VI status, whether viral suppression was
achieved or not, the platelet count, baseline L8M, severity of liver disease, as well as arterial
hypertension, any history of cardiovascular eventa past history of malignancy were significantly
associated with overall survival under univariat@lgsis (Supplementary Table 14). After adjusting
for the initial EV grade, all these factors remairsggnificantly associated with overall survivahdér
multivariate analysis, age, an absence of virapbeegsion, an initially unfavorable Baveno VI status
past excessive alcohol consumption, low albuminelevand elevated GGT levels remained
independently associated with poorer overall saviBupplementary Table 15). The results were

similar after adjusting to the initial grade of EV.
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DISCUSSION

With this study, we were able to validate the Bav®fh guidelines for the screening of EV in a large
prospective cohort of patients with biopsy-proveroiBC viral cirrhosis, even in the event of viral
suppression. Moreover, the lengthy follow-up of @ieVir cohort and sequential assessment of PHT-
related parameters enabled us to show that viggression and an absence of EV at screening were
the key drivers determining an absence of PHT @sxjon. Lastly, we were able to validate the
clinical value of the Baveno VI criteria in termitbe follow-up of these patients, even in the éwa#n
viral suppression.

Since they were published in 2015, the Baveno \kiGa for the screening of PHT have been
validated several times in the context of differeaties of patients with various etiologies of lugis

2L 22 2% and in one meta-analysid These series did not focus on patients with diehosis who
achieved viral suppression, and the originalitpof study resides in this point, as far as thedasibn

of the criteria for screening is concerned. Thignsimportant issue, as the vast majority of p#tien
with viral cirrhosis will now exhibit a control ofiral replication in the case of HBV, or viral
eradication in HCV patients. The Baveno VI criteiiglude LSM values which generally decrease
after SVR’, although this is probably not a reflection ofapid reduction in PHT, as was shown
recently in a population of patients with relativelevere cirrhosis who were cured of HCV using
DAAS®. In this latter study, 78% of patients still dispid clinically significant PHT (HVPG higher
than 10 mmHg) after SVR. It should also be noted LIEM values remained higher than 20 kPa and
the platelet count lower than 150,000/mm3 in adisth patients, so the validity of the Baveno VI
criteria was not called into question in this sito.

We have provided the first longitudinal validatiohthe Baveno VI criteria in terms of the long-term
surveillance of EV. Although the recommendationsdoreening were based on strong evidence, the
surveillance of EV was more arbitrarily determinadd reliant on the views of experts. First,
significantly fewer patients with a favorable Bawevil status displayed a progression of PHT, which

is reassuring in terms of the ability of the cileto select a low-risk group. However, the isstie o
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when physicians should order an upper endoscopystilasinresolved. The suggestion to look for a
rise in LSM values and/or a fall in the plateleusbwas intuitive and based solely on subjective
clinical experience rather than scientific data.

There was only a trend in a decrease in PHT pregmesn patients in whom Baveno VI status
remained favorable (p=0.15): however, in our seé 136 patients in whom sequential LSM
assessments were performed, out of the 548 includde follow-up study, only four patients in the
favorable Baveno VI status group experienced arpssjpn of PHT and all four saw a worsening of
their Baveno VI status. Although one should remeamitious because of this small sample, it is
tempting to speculate that the recommendation toitmrochanges to LSM and platelet counts might
provide accurate data in clinical routine practice.

Another novelty in the Baveno VI guidelines conestrthe method adopted to monitor EVs when the
etiological agent of cirrhosis is controlled and etber causes or liver comorbidities can be found.
Surveillance has been reduced, with the delay htveamdoscopies increasing from one to two years
in patients with grade 1 EV and from two yearshe¢ in those without any. This recommendation
was based on several studies which had shown atiedin PHT after a viral cure affecting HVPFG
11.28 the incidence of varicéd ** and more recently the progression of PHT in allsseaies of HBV
cirrhotic patients”®. Underlying this point is a fear of delaying uppemoscopies in asymptomatic
patients who have been cured of their viral diselasth they and their physicians may be reluctant t
undertake an invasive exploration that will be leuin the majority of cases. The idea of focusing
endoscopies in a higher-risk group is thereforeststdndable, although it was not evidenced-based at
the time of Baveno VI conference. To our knowledge,have now provided the most wide-ranging
description of PHT progression in a prospectiveeseof patients with viral cirrhosis, with a long
follow-up, where a significant proportion of patisnad experienced viral suppression. We were able
to show that viral suppression was independentyp@ated with an absence of PHT progression;
more interestingly, we were able to highlight thectf that even after viral suppression, PHT
progression could occur in patients who were alradidplaying grade 1 EV beforehand. These two
findings are consistent with those obtained by Riréb et al., who stressed the fact that if a aertai

degree of PHT is present, liver decompensation aéttur even once the causal agent has been
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cured®. This argues in favor of treating all patients #d€V or HBV as rapidly as possible,
particularly in cases of overt cirrhosis. Moreovere were able to validate the periodicity of
endoscopies proposed by the Baveno VI conferen&Hasprogression in virally suppressed patients
reached 4.1% at three years in patients with ncaEScreening, and 10.1% at two years in patients
with grade 1 EV.

Alongside an analysis of events in the low-riskugreof patients with favorable Baveno VI status,
another important and original point concerned Ilirasuppressed patients i.e. those with an
unfavorable Baveno VI status before viral suppmssvho experience a reduction in LSM and/or a
rise in the platelet count after viral suppressithys inducing a change from an unfavorable to
favorable Baveno VI status. As stated previouslyether these modifications could translate into a
reduction in PHT is still under debate. We can niintess hypothesize from the study by Lens &t al.
that a cut-off point of 20 kPa for LSM is very loand allows the selection of a subgroup of patients
with a very small probability of displaying sigrdéint PHT. If expanding the Baveno VI criteria might
be useful in order to avoid more endoscopies, theg be doubts that this will be a reliable strateg
in the particular situation of more severe comp@tspatients whose Baveno VI status only becomes
favorable after viral suppressiBnWe observed that a favorable Baveno VI statusyswmed after
viral suppression in 64 patients, was associated aicomplete absence of PHT progression. More
importantly, in the 17 patients whose Baveno Viwaecame favorable after viral suppression, no
progression of PHT was observed, even though thdybelonged to the high-risk group before their
HCV was cured. Of course, because of the small eumbpatients involved, it is essential to confirm
this finding.

The main pitfall of this work concerned its des&gia prospective cohort study. The physicians were
asked to follow French guidelif@segarding the screening and surveillance of PHAickvhad not
been modified before the Baveno VI conference. Hawneit remained a real-life study and its
protocol did not focus on PHT. All patients incladead biopsy-proven cirrhosis, which is differemt t
the current context of use of Baveno VI criteriad @o the context from where the criteria were
derived, i.e. all-comers identified as having aisis (or at least compensated advanced chronic live

disease) based on liver stiffness, which may difiem those pre-selected for biopsy. However, as fa
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as a high sensitivity is required to rule-out soieg or follow-up endoscopies, we believe that our
results would be transferable to less severe fatien

Moreover, the annual sequential assessment of L&Mnet recommended at the time. Overall, 31%
of patients included in this cohort underwent ewdpg screening for EV at inclusion within the
periods required for inclusion in our study, and¥®3vere subject to endoscopic surveillance.
Although far from perfect, this proportion was héghlthan expected. This was probably a beneficial
effect of the French Consensus Conference on PHEhwbok place in Paris in 2083 Baseline
characteristics of patients were not different lesmthe patients included and excluded in thevisllo
up study, except for higher creatinine levels ander PT in included patients, and a slightly higher
proportion of patients who had past or ongoingvénatii therapy. This probably suggests that included
patients displayed a slightly more severe liveeds®, which is reassuring when considering the low
percentage of PHT progression after viral suppoesdRegarding outcomes, as far as bleeding from
PHT was concerned, outcome was different betweer? throups, patients included in the follow-up
experiencing more bleeding during follow-up. Thigim argues in favor of a more severe subset of
patients, who were more strictly followed-up. Inrapinion, this suggests that progression of PHT
could have been overestimated in this study, wpatints all underwent liver biopsy, and the more
severe were followed-up. This strengthens our figgliof a very low progression of PHT in patients
exhibiting viral suppression and favorable Bavenastétus, and in our opinion, does not question the
transferability of those results into a less seyegulation.

When the periodicity of EV surveillance was constdle the median period elapsing between
endoscopies was 32.1 months [IQR: 23.2 — 39.6htiepts with no EV and 22.1 months [IQR: 14.2 —
31.6] in patients with grade 1 EV. Although longlkean recommended, these figures enable us to be
confident regarding our results on PHT progresditmwever, we cannot exclude an underestimation
of PHT progression, either because one third deptt did not undergo endoscopic surveillance, or
because the delay between endoscopies was sligbtly important than recommended. On the other
hand, there is probably a high inter-observer ilitg in differentiating grade 2 and 3 varices.€Th
reproducibility in this study might have been el@ner, since endoscopies were performed in clinical

routine. This is why we also performed sensitiehalyses excluding grade 2 and 3 varices, where we
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found the same predictive factors of PHT progressiOn the other hand, we could have
overestimated the progression of PHT in patienth Wepatic decompensation, as the median delay
between endoscopies was significantly lower in ##& who had an endoscopy realized after
decompensation (25.7 months [IQR: 14.7 — 37.2] 29 3nonths [IQR: 21.1 — 41.2], p=0.029).
Regarding LSM, the study was designed in 2004, #Hrel physicians did not have specific
recommendations on which probe to use (M or XLfaasas 55% of patients were overweighted).
There was no mention of the interpretability of L&Masurements. This also constitutes a bias of the
study which has to be acknowledged.

We are convinced that reducing surveillance in ctete patients will enable the restriction of
endoscopies to those who require close surveillandeavoid non-compliance with the guidelines due
to too many futile explorations. Looking at our uks, overall, only 10.1% of virally suppressed
patients with grade 1 varices at baseline develguatal hypertension progression within 2 years,
which was mostly due to the growth of varices. Thiusould require about 9.9 upper Gl endoscopies
(or even more) to diagnose one patient in whomcearprogressed and needed/required treatment.
The NNT for beta blockers in primary prophylaxispatients with medium to large varices i§?6"°
Thus, it might require more than 59.4 upper Gl aedpies (and BB treatment) to prevent one episode
of variceal bleeding. These numbers substantiallysen if looking at patients without varices at
baseline, who are at considerably lower risk adogrtb the results of your study. This highlighte t
need for non-invasive criteria to reduce the nundidutile upper Gl endoscopies and underlines the
importance of studies validating these criteri¢hm setting of viral suppression/eradication.

Although viral suppression is a key factor in eiragiran absence of PHT progression, other factors
such as metabolic syndrome and alcohol consumptinof course impact the natural history of
PHT®*“. This was stated in the guidelines such that ntactwrs should be present in a patient whose
surveillance is to be reduced.

In conclusion, we have shown that in the prospecBNRS CO12 CirVir cohort the Baveno VI
guidelines regarding the screening and follow-ufE¥gfare valid in patients with compensated viral

cirrhosis, even in the event of viral suppressién.upper endoscopy is no longer necessary in the
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subgroup of low-risk patients, and viral suppresgicofoundly modifies the natural course of PHT in

cirrhotic patients.
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FIGURE LEGENDS

Figure 1- Distribution of varices as a function of initial Baveno VI status. Figure la: all patients.
The distribution of varices in the 221 patientshwat favorable Baveno VI status at inclusion was: no
EV: 205 (92.8%), grade 1 EV: 13 (5.9%) and grade® BY: 3 (1.3%). In the 670 patients with an
unfavorable Baveno VI status at inclusion, therdiation of varices was: no EV: 466 (69.6%), grade
1 EV: 135 (20.1%) and grade 2/3 EV: 69 (10.3%) (p8Q). The distribution of varices differed
significantly between the two groups of patietigure 1b: 200 patients with viral suppression. The
distribution of varices in the 80 patients withaadrable Baveno VI status at inclusion was: no EV:
(92.5%), grade 1 EV: 6 (7.5%) and grade 2/3 EMnGhe 120 patients with an unfavorable Baveno
VI status at inclusion, the distribution of varicgas: no EV: 94 (78.3%), grade 1 EV: 15 (12.5%) and

grade 2/3 EV: 11 (9.2%) (p=0.004).

Figure 2- Progression of PHT asa function of virological response and initial EV grade.

The cumulative progression of PHT at 1, 3 and Ss/eas 1.8 %, 4.1% and 4.1% in patients with no
EV at inclusion in whom viral suppression was acatk 0%, 15.7% and 15.7% in patients with grade
1 EV at inclusion in whom viral suppression wasieetd, 2.2%, 7.7% and 14.2% in patients with no
EV at inclusion in whom viral suppression was nchiaved and 2.7%, 31.7% and 52.6% in patients
with grade 1 EV at inclusion in whom viral suppiesswas not achieved (p<0.001). Viral suppression
and an absence of EV at inclusion were associaittbdaweduced risk of PHT progression.

Figure 3- Progression of PHT in patients who exhibited viral suppression at incluson or during
follow-up, as a function of Baveno VI status at the time of viral suppression. PHT progression at

1, 3 and 5 years was null in these patients, V&3811% and 8.1% in the 164/228 patients (71.9%)
with an unfavorable Baveno VI status (p=0.007).

Figure 4. Overall survival asafunction of viral suppression and initial Baveno VI status.

Overall survival at 1, 3 and 5 years reached 99238% and 98.3% in the patients with an initially
favorable Baveno VI status in whom viral suppressi@s achieved at inclusion or during follow-up,
vs 100%, 97.0% and 92.7% in the patients with #rally favorable Baveno VI status in whom viral

suppression was not achieved, vs 99.3%, 97.5% amd®in the patients with an initially unfavorable
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Baveno VI status in whom viral suppression wasedd at inclusion or during follow-up, vs 98.4%,
92.0% and 81.6% in the patients with an initiallgfavorable Baveno VI status in whom viral

suppression was not achieved (p<0.001).
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Table 1. Characteristics of the 891 patients at inclusion as a function of their initial
Baveno VI status (univariate analysis)

Number Total Plat. Count<150 Plat. Count>150
Characteristics at inclusion of n=891 and/or LSM220 and LSM<20 P-value
patients n=670 (75.2%) n=221 (24.8%)

Male gender (n, %) 891 601 (67.5) 432 (64.5) 169 (76.5) 0.001
Age (years) (median, IQR) 891 53.9 [47.4 - 63.3) 54.1[47.4-63.5] 53.7 [47.6 - 62.1] 0.53
Etiology 891 <0.001

HCV (n, %) 772 (81.0) 557 (83.1) 165 (74.7)

HBV (n, %) 148 (16.6) 94 (14.0) 54 (24.4)

HCV-HBV (n, %) 21(2.4) 19 (2.9) 2(0.9)
HIV Co-infection (n, %) 882 43 (4.9) 29 (4.4) 14 (6.3) 0.24
Use of beta-blockers at inclusion (n, %) 888 60 (6.8) 53 (8.0) 7(3.2) 0.014
Viral suppression at inclusion (n, %) 891 200 (22.5) 120 (17.9) 80 (36.2) <0.001
Past excessive alcohol consumption (n, %) 852 254 (29.8) 199 (31.3) 55 (25.5) 0.11
Ongoing alcohol consumption (g/day) 833 0.69

0or<10(n, %) 765 (91.8) 568 (91.6) 197 (92.5)

>10 (n, %) 68 (8.2) 52 (8.4) 16 (7.5)
BMI (kg/m?) (median, IQR) 797 25.5[22.7 -28.3] 25.8 [23.0—28.6] 24.6 [22.2 -27.7] <0.001

797 0.006

BMlI (class)

<25 (n, %) 355 (44.5) 243 (41.3) 112 (53.6)

[25; 30[ (n, %) 312 (39.2) 240 (40.8) 72 (34.4)

>30(n, %) 130 (16.3) 105 (17.9) 25 (12.0)
Diabetes (n, %) 891 159 (17.9) 122 (18.2) 37 (16.7) 0.62
Dyslipidemia (n, %) 891 55 (6.2) 42 (6.3) 13 (5.9) 0.84
Arterial hypertension (n, %) 891 236 (26.5) 188 (28.1) 48 (21.7) 0.06
Past history of CV events (n, %) 891 76 (8.5) 56 (8.4) 20 (9.1) 0.75
Metabolic syndrome (n, %) ** 891 144 (16.2) 114 (17.0) 30 (13.6) 0.23
Past history of malignancy (n, %) 891 41 (4.6) 34 (5.1) 7(3.2) 0.24

3 3 . 124.5 108.0 194.0

Platelet count (10°/mm?) (median, IQR) 890 (92.0 - 162.0] (83.0 - 133.0] (174.0 - 220.0] <0.001
Platelet count (10°/mm?) 890 <0.001

<150 (n, %) 626 (70.3) 626 (93.6) 0

> 150 (n, %) 264 (29.7) 43 (6.4) 221 (100)
LSM (median, IQR) 597 15.3[10.3-23.6] 21.1[14.2 -28.5] 10.4 [8.1-13.4] <0.001
LSM < 20 kPa (n, %) 597 390 (65.3) 169 (45.0 221 (100) <0.001
AST (IU/L) (median, IQR) 891 58.0 [35.0 - 96.0] 67.0 [42.0-103.0] 38.0[29.0-63.0] <0.001
ALT (1U/L) (median, IQR) 891 64.0[35.0-112.0]  71.5[40.0-118.0]  44.0[27.0-85.0]  <0.001
Creatinine (umol/L) (median, IQR) 886 73.0[62.0 — 84.0] 71.0[61.9-82.0] 76.0 [65.0 — 89.6] <0.001
GFR (MDRD) (median, IQR)" 886 94.7[80.0-112.0] 96.1[81.2-113.7]  90.8[78.0-104.2] 0.005
GGT (IU/L) (median, IQR) 890 88.0 [45.0 — 163.0] 101.0[53.0-179.0] 57.0 [33.0 - 105.0] <0.001
Serum albumin (g/L) (median, IQR) 886 41.5[38.1-44.9] 40.5 [37.6-44.0] 43.7 [40.7 - 46.0] <0.001
Total bilirubin (umol/L) (median, IQR) 890 12.0[8.0-17.0] 12.0[9.0-18.0] 10.0 [8.0-13.0] <0.001
Prothrombin time (%) (median, 1QR) 874 87.0[78.0 - 96.0] 86.0[76.0-94.0]  94.0[86.0-100.0] <0.001
Esophageal varices 891 <0.001

No (n, %) 671 (75.3) 466 (69.6) 205 (92.8)

Grade 1 (n, %) 148 (16.6) 135(20.1) 13 (5.9)

Grade 2 or 3 (n, %) 72 (8.1) 69 (10.3) 3(1.3)
Past or ongoing antiviral treatment (n, %) 888 822 (92.6) 614 (91.8) 208 (95.0) 0.12

BMI: body mass index; SVR: sustained virological response; GFR: glomerular filtration rate; MDRD, modification of diet in

renal disease; CV: cardiovascular
aPROPANOLOL or NADOLOL intake

bGFR = 186.3 x (creatinine (umol/L) / 88.4)-1.154 x age0-203 x k; k = 1 for men and k = 0.742 for women

** defined by the hepatologist



Table 2. Features associated with PHT progression in patients with compensated HCV -
or HBV-related cirrhosis according to the Cox proportional hazards model (results of

multivariate analyses) applied to the whole population.

Characteristics HR [95%CI] P-value
Etiology 0.045

HCV Ref

HBV 1.52[0.61 ; 3.80] 0.37

HCV-HBV 4.24[1.29;13.92] 0.017
Viral suppression* 0.28[0.14; 0.58] 0.001
Favorable initial Baveno VI status 0.16 [0.06 ; 0.45] 0.001
Diabetes 2.35[1.49; 3.71] <0.001
GGT > ULN 5.13[1.84; 14.31] 0.002
Creatinine (umol/L) 1.00 [1.00; 1.01] 0.020
Total bilirubin > 17pumol/L 1.92[1.26; 2.95] 0.003
Prothrombin time < 80% 1.56 [1.03; 2.38] 0.037
Esophageal varices at inclusion <0.001

No Ref

Grade 1 3.11[2.01; 4.82] <0.001

Grade 2 or 3 1.18[0.58; 2.43] 0.65

ULN: Upper Limit of Normal
* time-dependent covariate



Table 3. Features associated with PHT progresson in patients with

compensated HCV- or HBV-related cirrhosis according to the Cox

proportional hazards model (results of multivariate analyses) applied to the

patients experiencing viral suppression

Characteristics HR [95%CI] P-value
GGT > ULN 9.42[1.18;75.12]  0.034
Prothrombin time < 80% 6.72 [1.87; 24.14] 0.003
Esophageal varices 0.014
No Ref
Grade 1 7.15[1.90; 26.91] 0.004
Grade 2 1.80[0.35;9.13] 0.48

ULN: Upper Limit of Normal



Progression of Portal Hypertension as a function of virological
response and initial EV grade (Prospective CirVir cohort)
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