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PVT. A platelet count <120,000/uL, albumin levels <3.5 mg/dL, bilirubin >1.1 mg/
dL, a previous liver decompensation, ALBI, Baveno, FIB-4, and RESIST scores were
significantly different (p < 0.001), among patients who developed PVT versus those
who did not. Considering death and liver transplantation as competing risk events,
esophageal varices (subHR: 10.40; Cl 95% 4.33-24.99) and pre-treatment ALBI
grade >2 (subHR: 4.32; Cl 95% 1.36-13.74) were independent predictors of PVT.
After HCV eradication, a significant variation in PLT count, albumin, and bilirubin
(b < 0.001) versus pre-treatment values was observed in patients who did not
develop PVT, whereas no significant differences were observed in those who
developed PVT (p > 0.05). After the EOT, esophageal varices and ALBI grade >2,
remained associated with de novo PVT (subHR: 9.32; Cl 95% 3.16-27.53 and

Conclusions: In patients with HCV-related cirrhosis, a more advanced liver disease

and significant portal hypertension are independently associated with the de novo

coagulation, direct-acting antiviral, long term outcomes, predictive factors, real-life cohort

KONDILI ET AL.
subHR: 5.50; Cl 95% 1.67-18.13, respectively).
PVT risk after SVR.
KEYWORDS

INTRODUCTION

Portal vein thrombosis (PVT) is the most common thrombotic
complication in patients with cirrhosis. Its prevalence ranges be-
tween 1% and 25%, and it is significantly higher in decompensated
patients (10%-25%) than in compensated ones (1%-5%).! Such dif-
ferences are related to multiple factors, such as a progressive
decrease in the velocity of portal vein blood flow,? the development
of local alterations in the antithrombotic properties of portal endo-
thelium,® and probably a more pronounced hypercoagulable state in
decompensated patients.*

The effect of PVT on the natural history of cirrhosis remains
unresolved due to conflicting data from studies that included patients
with different severity of liver disease, different degrees of PVT, and
the use of different therapeutic strategies.>®

However, PVT is associated with an increased risk of failure to
control bleeding after variceal hemorrhage and higher mortality after
liver transplantation (LT) or exclusion from the Iisting.7’11 Thus, by
preventing the development of PVT, patient outcomes might be
improved.

Sustained virological response (SVR) by direct-acting antivirals
(DAASs) in patients with chronic hepatitis C virus (HCV)-related
cirrhosis is associated with a decrease in the risk of hepatic decom-
pensation and mortality.'> However, whether eradicating HCV by
DAAs leads to a decrease in the risk of PVT remains unclear.

Studies conducted by our group and others showed that
improving liver synthetic functions, driven by virological cure, is
associated with a reversal of plasmatic hypercoagulability,>>* which
might decrease the risk of PVT.%®

Key summary

Summarize the established knowledge on this subject

Patients with cirrhosis are at risk of portal vein throm-
bosis (PVT).

Achievement of sustained virological response (SVR) in
patients with HCV-related cirrhosis may reverse the
hyper-coagulable state associated with chronic liver
disease.

Whether this translates into a reduced risk of PVT is
unclear.

A better definition of thrombotic risk after SVR may

improve individual patient management.

What are the significant and/or new findings of this study?

This is the largest prospective cohort examining the risk
of PVT after SVR in HCV-related cirrhosis.

The risk of de novo PVT development was not
completely abolished by SVR in patients with HCV-
related cirrhosis.

The presence of esophageal varices and ALBI grade >2
(both pre-treatment and prospectively evaluated within
1 year after the end of treatment (EOT)) were indepen-
dent predictors of PVT.

Patients who did not achieve a significant improvement
in liver function after antiviral therapy remained at risk
of PVT.
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The improvement in coagulation after treatment with DAAs is
inversely correlated with the severity of cirrhosis. A study by Man-
dorfer et al. showed that the risk of PVT persisted although an SVR
was elicited, and PVT was independently associated with the baseline
severity of chronic liver disease.'®

A better definition of the thrombotic risk after SVR in patients
with cirrhosis might improve risk stratification and hemostatic
management.

In this study, we aimed to [a] evaluate the incidence of de novo
PVT in a large, real-world cohort of patients with HCV cirrhosis who
achieved SVR after DAA treatment and [b] identify pre-treatment
and post-treatment variables associated with the development of
PVT.

PATIENTS AND METHODS
Study population

The study population consisted of patients with chronic HCV infec-
tion consecutively enrolled in the ongoing prospective PITER cohort
(the Italian Platform for the study of Viral Hepatitis Therapy) from 40
centers specialized in liver and infectious diseases from teaching
hospitals and general hospitals throughout Italy.?” The data were
accurately and prospectively collected in dedicated electronic case
report forms at pre-defined time points, that is, before DAA therapy
and during the follow-up, following the clinical practice of each
center. The Child-Pugh-Turcotte (CPT) stage, albumin-bilirubin
(ALBI) score,*® Baveno expanded,®’ Fibrosis-4 (FIB-4) index,?° and
RESIST score?! were calculated using well-established formulas.
Following the PITER protocol, decompensated cirrhosis was diag-
nosed based on the presence or appearance of ascites and/or
gastrointestinal bleeding due to portal hypertension and/or hepatic
encephalopathy and/or jaundice and/or spontaneous bacterial peri-
tonitis.2 The presence of hepatic steatosis by abdominal ultrasound
(abdominal-US) examinations associated with hypertension, cardio-
vascular disease, type 2 diabetes, and body mass index (BMI) >25 kg/
m? were used as surrogate markers of metabolic syndrome in pa-
tients who did not report alcohol consumption.

Exclusion and inclusion criteria and duration of
follow-up

We evaluated patients with pre-treatment liver cirrhosis included in
the PITER cohort between June 2014 and March 2020 for inclusion
in this study. Cirrhosis was defined by liver biopsy (Metavir >4 or
Ishak score >6) or Transient Elastometry (liver stiffness measure-
ment [LSM] >12.5 kPa) or biochemical and/or imaging indications of
clinically significant portal hypertension (i.e., presence of esophageal
and/or gastric varices and/or platelet [PLT] count <150,000/uL with
spleen enlargement). A PLT count of <120,000/uL and an albumin

level of <3.5 g/dL were chosen as the cut-off for determining the risk

of liver disease progression due to their better performance in pre-
dicting severe liver cirrhosis in our study population, as also reported
in previous studies.?%?3

As per the initial Italian regulations on treating patients with
HCV-related liver cirrhosis without an indication for LT, only those
belonging to CPT stages A and B at pre-treatment evaluation were
eligible for antiviral treatment.?* Thus, no CPT stage C patient at the
time of the treatment start was available for this analysis. Patients
with a pre-treatment compensated CPT-A or B class or with a pre-
vious decompensation history but under a stable clinical condition
and having a compensated liver disease within the last 12 months
before DAA treatment were included.

Patients previously diagnosed with PVT or with a diagnosis of
malignant PVT and those who either underwent or were awaiting LT
were excluded. A total of 6 patients with malignant PVT were
excluded from the present analysis (4 with pre-therapy hepatocel-
lular carcinoma (HCC) and 2 with post-therapy HCC). Patients with
less than 12 weeks of follow-up after the EOT (i.e., in whom SVR
could not be evaluated) were excluded.

For each patient, the duration of follow-up was calculated be-

tween the EOT and the last follow-up.

Screening for portal vein thrombosis

The results of abdominal ultrasound examinations, routinely per-
formed for HCC screening every 6 months for patients with cirrhosis,
were prospectively collected. The PVT was defined as the presence of
hyper-echogenic material within the portal vein main trunk and/or
intrahepatic branches, determined by ultrasound examinations or
through the visualization of non-contrasted material at the venous
phase of the CT scan or T2 sequence at MRI. PVT was classified as
complete when blood flow in the portal vein was absent and as partial
when the lumen was only partially occluded, and the flow was still
present at Doppler evaluation. Only PVT occurring after the EOT was
considered to be de novo PVT.

As per the current guidelines, all patients with a new diagnosis of
PVT based on ultrasound examinations underwent second-line im-
aging (either CT scan or MRI).>® In patients with a history of HCC,
the malignant nature of thrombosis was excluded according to
the following criteria: the presence of thrombus enhancement,
PVT adjacent to HCC, and an increase in the diameter of the portal

vein.?®

Data collection

The case report forms recorded detailed demographic, clinical, and
laboratory characteristics. The outcomes collected during the follow-
up after viral eradication included de novo PVT, development of
hepatic decompensation, de novo HCC, LT, and patient survival. In
patients who experienced PVT, data on the extension of thrombosis

were also collected.
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TABLE 1 Baseline characteristics of cirrhotic DAA patients successfully treated by thrombosis occurrence.

No PVT (N = 1577?) PVT occurrence (N = 322) TOTAL (N = 1609?)
Epidemiological features Median (IQR) Median (IQR) p° Median (IQR)
Age (years) 65 (55-72) 67 (58-71) 0.671 65 (56-72)
N. % N. % p° N. %
Sex
Male 875 555 14 43.8 0.186 889 55.3
Female 702 445 18 56.3 720 44.7
BMI
Underweight-normal 683 43.3 13 40.6 0.761 696 43.3
Overweight-obese 894 56.7 19 59.4 913 56.7
Alcohol use
Never 1059 68.0 25 78.1 0.230 1084 68.2
Current 157 10.1 4 12.5 161 10.1
Past 342 220 3 9.4 345 217
HCV- genotype
1 1116 70.8 21 65.6 0.328 1137 70.7
2 232 14.7 8 25.0 240 14.9
3 135 8.6 1 31 136 8.5
Other 94 6.0 2 6.3 96 6.0
Clinical features
Platelets count
<120,000/pL 821 525 28 87.5 <0.001 849 532
>120,000/pL 742 47.5 4 12,5 746 46.8
Albumin (g/dL)
<35 347 233 19 59.4 <0.001 366 24.1
>3.5 1140 76.7 13 40.6 1153 75.9
ALT (IU/L)
>35 1356 86.5 29 90.6 0.501 1385 86.6
<35 211 13.5 3 9.4 214 13.4
Bilirubin (mg/dL)
>1.1 466 30.5 20 62.5 <0.001 486 312
<11 1061 69.5 12 375 1073 68.8
Creatinine (mg/dL)
>12 91 6.0 2 6.3 0.954 93 6.0
<12 1425 94.0 30 93.8 1455 94.0
INR
>11 745 50.1 22 68.8 0.037 767 50.5
<11 742 49.9 10 31.3 752 49.5
Liver stiffness
>20 606 48.6 11 64.7 0.186 617 48.8
Measurement (kPa)
<20 642 514 6 35.3 648 51.2
History of previous HCC 121 7.7 3 9.4 0.721 124 7.7
(Continues)
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TABLE 1 (Continued)

N %

Steatosis 416 26.4
History of ascites® 115 7.3
Esophageal varices 345 21.9
Esophageal

F1 225 70.1
Varices Grade

F2 85 26.5

F3 11 34
History of bleeding® 35 2.2
History of encephalopathy® 42 2.7
Previous decompensation? 166 10.5
Child-Pugh class

A 1353 85.9

B 223 14.1
Potential metabolic syndrome 218 13.8
Non-selective beta blockers use 101 6.4

Score

ALBI

Grade 1 643 440

Grade 2 794 544

Grade 3 23 1.6
BAVENO

ouT 593 534
Expanded

IN 518 46.6
FIB4

>3.25 1060 68.3

<3.25 492 317
RESIST

ouT 915 61.9

IN 564 38.1

N % p© N %
4 125 0.077 420 26.1
8 25.0 <0.001 123 7.6
26 81.3 <0.001 371 231
10 45.5 0.044 235 68.5
10 45.5 95 27.7
2 9.1 13 3.8
5 15.6 <0.001 40 25
2 6.3 0.218 44 27
13 40.6 <0.001 179 111
19 59.4 <0.001 1372 85.3
13 40.6 236 14.7
2 6.3 0.217 220 13.7
10 313 <0.001 111 6.9
3 9.4 <0.001 646 43.3
28 87.5 822 55.1
1 31 24 1.6
15 93.8 0.001 608 53.9
1 6.3 519 46.1
29 90.6 0.007 1089 68.8
3 9.4 495 31.3
32 100.0 <0.001 947 62.7
0 0.0 564 37.3

Abbreviations: IQR, interquartile range; PVT, portal vein thrombosis.

2For some variables inconsistencies are due to missing values.

bp value Mann-Whitney rank-sum test.

p value Chi-square test.

dAll patients did not have signs of liver decompensation at treatment start.

Statistical analysis

The main characteristics of the patients are reported as the median
and interquartile range (IQR) or as proportions (N and %) for contin-
uous and categorical variables, respectively. Albumin, alanine amino-

transferase (ALT), bilirubin, creatinine, International Normalized Ratio

(INR), PLT, and LSM were evaluated using clinically relevant threshold
cut-offs below or above which the risk could be assumed to be ho-
mogeneously distributed.

The Mann-Whitney U test was used for analyzing continuous
variables to assess differences between distributions, and the Chi-

squared test was used for comparing proportions. The Wilcoxon
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matched-pairs signed-rank test was used to assess the differences
between matched pairs of observations.

To evaluate the effect of demographic data and clinical variables
on the risk of development of PVT, a Fine-Gray competing-risks
regression model was applied, considering death or LT as
competing events (i.e., events that could prevent the event of inter-
est). Potential multicollinearity was tested among all the variables
included in the final models. The possible presence of multi-
collinearity was checked by estat vce, corr STATA command. A cor-
relation coefficient <0.5 indicated predictor variables in the same
model are not correlated, and they can independently predict the
value of the dependent variable.

Univariate and multivariate analyses were performed. In the
multivariable analysis, a forward stepwise selection method was used
to obtain robust results. The results are presented as a sub-hazard
ratio (subHR) and the corresponding 95% Confidence Interval
(95% Cl).

For all analyses, differences were considered to be statistically
significant at p < 0.05. All statistical analyses were performed on
STATA version 16.1 (Stata Corp, College Station, TX, USA).

RESULTS

Baseline characteristics of the study population based
on the occurrence of PVT

The baseline characteristics of 1609 patients who achieved the SVR
and were followed up for a median time of 38.3 months (IQR: 25.1-
48.7 months) after EOT are shown in Table 1. Of these, 32 patients
(2.0%) experienced PVT; the median time of PVT development was
36.1 months after EOT; IQR: 19.1-46.2 months). PVT was complete
in 9 patients and partial in 23 patients. Of these patients, 21 (65%)
were treated with anticoagulation. The median duration of antico-
agulant therapy was 7 months (IQR: 3.0-24.0). Of the treated pa-
tients, 3 (14%) achieved complete resolution of PVT and 5 (24%)

achieved a partial response (i.e., any improvement in PVT extension
without complete resolution). In 13 (62%) patients, PVT either
remained stable or progressed despite anticoagulant treatment.

Age, sex, BMI distribution, alcohol use, and presence of surrogate
markers of metabolic syndrome were similar among patients who
achieved the SVR and developed PVT and those who did not develop
PVT. In contrast, a PLT count of <120,000/uL, albumin levels
<3.5 mg/dL, bilirubin >1.1 mg/dL, a history of liver decompensation,
and ALBI, Baveno, FIB-4, and RESIST scores were all significantly
different among patients who developed PVT versus those who did
not (indicating greater severity of advanced liver disease in PVT
patients vs. non-PVT patients). The use of non-selective beta-
blockers (NSBBs) was more frequent in patients who developed
PVT versus those who did not. The proportion of patients who were
administered anticoagulants was similar between the two groups
(b = 0.262, data not shown). A transjugular intrahepatic portosyste-
mic shunt was reported in four patients who did not develop PVT and
in none of the patients who developed PVT (data not shown). The
overall comorbidity pattern and those that might be associated with
liver disease progression were not different among patients who
developed PVT and those who did not (Figure S1).

Pre-treatment predictive factors for the occurrence of
PVT

Considering death or LT as competing risk events, the pre-
treatment variables independently associated with the develop-
ment of PVT in patients who achieved the SVR were evaluated
(Table 2). No multicollinearity in the parameters chosen to be
evaluated as predictive factors of PVT (all correlation coefficients
were <0.5) was found. The presence of esophageal varices and an
ALBI grade >2 were significantly associated with the risk of PVT
development. Similar results were obtained after excluding the
data on patients with a history of previous decompensation from
the analysis (Table S1).

TABLE 2 Pre-treatment variables associated with PVT occurrence in DAA successfully treated patients.

Univariable Multivariable®

Pre-treatment factors SubHR 95% ClI p SubHR 95% ClI p

Sex (ref. male) 143 0.71-2.88 0.312

Age (increasing years) 1.01 0.98-1.05 0.406

Previous decompensation 4.80 2.38-9.68 <0.001

Esophageal varices 13.21 5.37-32.54 <0.001 10.40 4.33-24.99 <0.001
Platelets (ref. >120,000/pL) 6.00 2.11-17.07 0.001

ALBI (ref. Grade 1) 7.15 2.18-23.41 0.001 4.32 1.36-13.74 0.013
INR (ref. <1.1) 2.13 1.01-4.51 0.048

Note: Competing Risk model results. PVT events N = 32.
Abbreviations: Cl, Confidence Interval; SubHR, SubHazard Ratio.

aStepwise Forward selection including variables with a p value <0.10 at univariable analysis.
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@ 300 Brcludes outside values__ TABLE 3 Post-treatment biochemical characteristics of study
—_— population by PVT occurrence.
= PVT
E 200 No PVT occurrence
£ N. % N % p*
ﬁ 1004 Platelets count (10%/uL) N =817 N =18
[
z <120,000/uL 355 43.5 15 83.3 0.001
e T oo >120,000/pL 462 565 3 16.7
o ! p <0001
N%E\(I)L PVT ococt;rsr:*nce Albumin (g/dL) N =741 N =18
p <0. p=0.
(b) <35 99 13.4 6 333 0.015
Excludes outside values____
1 - - >35 642 866 12 667
Bilirubin (mg/dL) N =775 N =18
3 4 - - >1.1 164 212 11 611 <0001
oo
E . <11 611 78.8 7 38.9
=]
2 3 1 ALBI N =710 N =18
T p<0001** 1 Grade 1 464 65.4 S 16.7 <0.001
p<0001**
04 Grade 2-3 246 34.6 15 83.3
No PVT PVT occurrence
p<0.001* p=0.054* RESIST N =736 N=18
(© _ ouT 368 500 16 889 0001
2.5 Excludes outside values
IN 368 50.0 2 111
2,
N 2p value Chi-square test.
3
ob 1.5
£
£
2 i
g ! EOT (IQR: 4.7-7.9 months, with no difference among patients who
“ 5] developed PVT and those who did not: p = 0.977) according to
‘ : the PVT development are shown in Figure 1. For these three
| p<0.001** : 0.001%%! - o . .
01 ° ‘ p0001™ parameters, there were significant variations (all p < 0.001) in the
No PVT PVT occurrence . . .
p <0.001* p=1.000* values evaluated after viral eradication versus pre-treatment

I PRE-therapy [ POST-therapy

* P value Wilcoxon signed-rank test comparisons between PRE-therapy and POST-therapy measurements
** pvalue Mann-Whitney rank-sum test comparisons between No PVT and PVT occurrence groups

FIGURE 1 Pre-treatment and post-treatment evaluation of
factors associated with the severity of liver disease in patients with
SVR. Changes in the markers of chronic liver disease severity were
evaluated in patients with data available before antiviral treatment
(baseline) and within the first year after EOT (follow-up) based on
the development of PVT. Pre-treatment and post-treatment
platelet counts (a), albumin (b), and bilirubin levels (c) in patients
with and without PVT. The values were reported as the median and
interquartile range. PVT, portal vein thrombosis.

Prospective evaluation of the predictors of PVT
measured after viral eradication

The changes in the biochemical markers of chronic liver disease
severity (PLT, albumin, and bilirubin measurement) before antiviral

treatment (baseline) and after a median time of 6 months after

values in patients who did not develop PVT, whereas in those
who developed PVT, PLT count, albumin, and bilirubin levels
remained unchanged (p = 0.759, p = 0.054, and p = 1.000,
respectively).

The biochemical characteristics evaluated post-EOT (indepen-
dently and combined with the ALBI or RESIST scores) have shown
that despite viral eradication, patients who developed PVT remained
with parameters of more severe liver disease compared with those
who did not (Table 3).

Post-treatment predictive factors related to the
occurrence of PVT

Post-treatment evaluated variables associated with the development
of PVT in patients who achieved the SVR are shown in Table 4. The
correlation coefficients suggested weak correlations (all coefficients
were <0.5), indicating no multicollinearity in the parameters chosen

for the regression model used. The presence of esophageal varices
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TABLE 4 Post-treatment variables associated with PVT occurrence in DAA successfully treated patients.
Univariable Multivariable®
Variables SubHR 95% ClI p SubHR 95% CI p
Sex (ref. male) 1.09 0.44-2.73 0.847
Age (increasing years) 1.03 0.98-1.10 0.293
Previous decompensation 2.61 0.87-7.82 0.085
Esophageal varices 14.16 4.58-43.79 <0.001 9.32 3.16-27.53 <0.001
Post-treatment factors
Platelets (ref. >120,000/uL) 5.86 1.69-20.31 0.005
ALBI (ref. grade 1) 9.56 2.75-33.14 <0.001 5.50 1.67-18.13 0.005

Note: Competing Risk model results. PVT events N = 18.
Abbreviations: Cl, Confidence Interval; SubHR, SubHazard Ratio.

aStepwise Forward selection including variables with a p value <0.10 at univariable analysis.
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FIGURE 2 Competing risk regression curves. The cumulative
incidence rates of PVT in patients with esophageal varices and
ALBI grade >2 versus those with ALBI grade 1.

and post-treatment ALBI grade >2 were significantly associated with
the risk of PVT. For patients with esophageal varices, the adjusted
(independent) risk of developing PVT was 9.32 times higher than the
risk of developing PVT in patients with no esophageal varices. For
patients with ALBI grade >2, the adjusted (independent) risk of
developing thrombosis was 5.50 times higher than the risk of pa-
tients with ALBI grade 1; similar results were obtained after
excluding patients with previous decompensation from the analysis
(Table S2).

The competing risk regression curves showed that for all patients
in whom the presence of esophageal varices was reported, the cu-
mulative PVT incidence rates in patients with post-treatment ALBI
grade >2 versus those with post-treatment ALBI grade 1 were 27%
versus 6% at 60 months and 43% versus 10% at the end of the
observation period (80 months) (Figure 2).

The outcomes of patients according to the development of PVT
after the SVR are shown in Table S3. Patients who experienced PVT

had higher rates of liver decompensation and mortality.

DISCUSSION

The effect of etiological therapy on the risk of PVT in patients with
HCV-related cirrhosis is still debated.?® In this study, we addressed
this question by investigating prospectively the multicenter PITER
cohort, which represents the current, real-life state of HCV clinical
care in lItaly. Patients with HCV-related chronic liver disease have
been enrolled in the PITER cohort since 2014 and followed for a
prospective assessment of the clinical effect of DAAs on the natural
history of HCV-related chronic liver disease.’

The positive effectiveness of SVR on PVT development is inversely
correlated with the severity of cirrhosis.? Indeed, we observed that
the risk of PVT was not completely abolished by SVR. We found that
patients who developed PVT had a more advanced liver disease
severity. Similar to the findings of another study,*® we showed that the
severity of baseline liver dysfunction (i.e., pre-treatment ALBI grade
>2) and severe portal hypertension (i.e., esophageal varices) were
independently associated with the PVT risk. Despite the use of NSBBs
in our cohort being significantly higher in patients who developed PVT,
we did not consider NSBBs in the multivariable model because our data
are not sufficient to perform a time-dependent analysis, and thereby
take into consideration the real dynamic changes in PVT after their
use.? Furthermore, the presence of esophageal varices is a more spe-
cific marker for clinically significant portal hypertension and is a well-
known risk factor for PVT.!

The findings of several studies suggested that the estimation
of thrombo-hemorrhagic risk in cirrhosis should reflect the dy-
namic changes in coagulation and liver function observed in these
patients.?” 3° Therefore, we assessed whether the evolution of the
chronic liver disease and portal hypertension after the virological cure
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were associated with the risk of PVT. A low platelet count (PLT
<120,000/uL), the presence of esophageal varices, history of previous
decompensation and ALBI grade >2 were associated with the PVT risk
on the univariable analysis. Using a multivariable model, the ALBI score
evaluated after viral eradication and the presence of esophageal
varices were independently associated with the PVT risk. The dy-
namics of platelet count after SVR do not mirror those of the hepatic
vein pressure gradient. Our data further confirm that despite a PLT
count of <120,000/uL did not remain an independent factor, signifi-
cant portal hypertension as defined by the presence of esophageal
varices was independently associated with the PVT risk.®*

Some studies have shown that most patients who achieve the SVR
by DAA treatment experienced a significant decrease in the portal

pressure32,33 34,35

and an increase in the portal blood flow velocity.
Since slow portal blood flow is a major risk factor for the development
of PVT,? this might partly explain the low incidence of PVT in our cohort.
Virological cure might lead to an improvement in HCV-associated

13.14.36 and a decrease in the thrombotic tendency

hyper-coagulability
associated with cirrhosis.?” Patients with more advanced liver disease
in whom SVR seems not to be associated with a significant reversal of
coagulopathy*® would remain at risk of thrombosis. However, whether
coagulopathy in patients with cirrhosis is implicated in the patho-
physiology of PVT independently of the reduced portal vein blood flow

3839 and further studies are required to

is still under investigation,
elucidate the effect of SVR on Virchow's triad in HCV cirrhosis. #4941

Our study had several limitations. First, the number of patients
with Child-Pugh stage B cirrhosis was small, and no Child-Pugh C pa-
tient was included. Therefore, the effect of SVR on the thrombotic risk
associated with decompensated cirrhosis and its complications (i.e., the
most at risk) could not be thoroughly assessed.*? Second PITER is a
multicenter real-life prospective cohort, neither designed to specif-
ically assess the incidence of PVT (which might be underestimated) nor
to evaluate the specific effect of PVT and its extension on the outcomes
of patients. However, the accuracy of the prospectively collected data
included in PITER is constantly checked by a dedicated team as per the
study protocol. Thirdly, given the low number of events, we could not
perform a separate analysis for complete and partial PVT. Dedicated
studies that evaluate portal vein blood flow velocity or specific coag-
ulation markers could improve the identification of patients who
remain at risk of PVT after SVR and the specific effect of PVT on the
patient outcome. In this study, we censored the patients at the last
clinical visit and not at the time of PVT diagnosis. However, patients
with cirrhosis included in PITER are followed up at least every
6 months, and the imaging and biochemical tests are performed a few
days before the clinical visit or during the visit. Thus, the risk of bias
regarding the duration of follow-up was minimal.

In conclusion, patients with more advanced chronic liver diseases
before antiviral therapy and those with severe portal hypertension
whose liver function did not significantly improve, despite the
achievement of SVR by a DAA treatment, remained at a higher risk of
de novo PVT. Further studies are required to determine whether and
how the development of de novo PVT in this population affects the

risk of hepatic decompensation after SVR.
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