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Abstract

Background: Transarterial chemoembolization (TACE) affects hepatic perfusion, and might have an impact on portal pres-
sure in patients with hepatocellular carcinoma (HCC).

Objective: The objective of this article is to report the secondary outcome “*hepatic hemodynamics” from the AVATACE trial,
a prospective randomized, placebo-controlled trial on the efficacy of conventional TACE in combination with bevacizumab
or placebo.

Methods: Hepatic venous pressure gradient (HVPG) was measured at baseline (prior to first TACE), within nine days
(“acute effects”), two months (“intermediate effects”) and six months (“long-term effects”) after the first TACE.

Results: Of 28 patients with early-intermediate stage HCC, n=20 (71%) had clinically significant portal hypertension (CSPH,
HVPG > 10 mmHg) at baseline (median, 12 (interquartile range (IQR): 9-19) mmHg). TACE had neither “acute effects”” nor
“intermediate effects” on HVPG. However, in 13 patients with available HVPG measurement at month 6, there was a
significant increase in HVPG (median, 16 (IQR: 11-19) mmHg) compared with baseline (median, 10 (IQR: 5-12) mmHg;
p=0.007). Portal hypertension-related complications occurred exclusively in patients with CSPH (8 (40%) vs 0).
Conclusions: Repeated TACE was associated with a significant long-term increase in HVPG. This should be considered
when deciding whether to continue with TACE or switch to systemic treatment, since CSPH drives the development
of complications.
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Key summary
e Transarterial chemoembolization (TACE) increases portal blood flow in patients with hepatocellular
carcinoma.
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e The clinical implications of these (potentially transient) changes in hepatic hemodynamics have not yet

been established.

e Whereas TACE had no impact on portal pressure in short-term follow-up, we observed a significant
increase in hepatic venous pressure gradient (HVPG) after six months and repeated TACE.

e The increase in HVPG may be explained by architectural changes within the liver and splanchnic area as a
result of TACE-induced vascular endothelial growth factor upregulation and liver fibrosis progression.

Introduction

Hepatocellular carcinoma (HCC) is one of the most
prevalent cancer entities worldwide, causing every
second cancer-related death in men and every sixth in
women.! Approximately 90% of all cases have under-
lying cirrhosis and about every third patient with cir-
rhosis will develop HCC.> In Western countries,
around 50% of HCCs are diagnosed at an advanced
stage amendable only to palliative treatment.?

Unlike in other tumor entities, prognosis in HCC is
determined not only by cancer biology,*> but also by
the severity of underlying liver disease,®’ and thus,
both factors have to be considered for treatment selec-
tion.® While surgical and local ablative treatments are
available for early stages of HCC, transarterial che-
moembolization (TACE) represents the treatment of
choice in patients with intermediate-stage HCC® and
may also be considered in selected patients with unre-
sectable early-stage HCC.'® Intermediate-stage HCC
patients are defined to be asymptomatic with liver-
limited, multinodular, unresectable tumors and well-
preserved liver function.” TACE combines the effects
of conventional embolization and cytotoxic chemother-
apy and allows for increased drug delivery into the
tumor with less systemic toxicity as compared with con-
ventional systemic chemotherapy.'!

Even though the tumor surrounding liver paren-
chyma in earlier stages of cirrhosis or in noncirrhotic
HCC receives its blood supply mainly from the portal
vein and not predominantly from the arterial system
(like the tumor), TACE can lead to a deterioration of
liver function, which may ultimately lead to liver-
related deaths.'"!'> Transarterial embolization seems
to have a transient effect on hepatic hemodynamics
(decrease in hepatic arterial blood flow, which is accom-
panied by an increase in portal blood flow).!* !
However, the clinical implications of these transient
changes are unclear, since data on the impact of
TACE on portal hypertension (PHT) and associated
complications are limited. The aim of the present
study was to evaluate (i) the acute, intermediate and
long-term effects of repeated TACE on hepatic
venous pressure gradient (HVPG) as well as (ii) the
impact of HVPG on the development of PHT-related
complications in HCC patients treated with TACE.

Materials and methods
Study design

This study reports the secondary endpoint “effects on
hepatic hemodynamics™ of the AVATACE-1 trial,'® a
randomized, placebo-controlled, double-blind phase 2
trial evaluating the effect of TACE in combination with
intravenous bevacizumab or placebo in patients with
intermediate-stage HCC (clinicaltrials.gov identifier:
NCT00280007). Briefly, patients were randomized 1:1
to receive TACE plus either bevacizumab (5mg/kg
bodyweight every 14 days) or blinded saline infusion
(“TACE only” group) intravenously for 52 weeks or
until death, development of extrahepatic lesions, or
untreatable tumor progression. After the first TACE,
the procedure was repeated twice at four-week intervals
if technically feasible and if contrast enhancement of
tumors was still present at follow-up radiological ima-
ging. Additional cycles were performed if clinically
indicated (contrast uptake of nodules).'®

Patients underwent repeated HVPG measurements
at defined time points: prior to (baseline) and after
the first TACE (week 1), at month 2, and six months
after the first TACE.'® This study was approved by the
local ethics committee of the Medical University of
Vienna (number: 253/2005; date: July 4, 2004) and con-
ducted in accordance with the guidelines stated in the
Declaration of Helsinki. All patients provided written
informed consent.

Patients and definitions

Inclusion and exclusion criteria were reported in detail
previously.'® Briefly, eligibility criteria included early or
intermediate stage HCC (Barcelona Clinic Liver Cancer
(BCLC) A or B) not suitable for local ablative or sur-
gical treatment. Patients were not allowed to have heart
failure (New York Heart Association class >II; reduced
left ventricular ejection fraction or impaired right ven-
tricular function). Patients were excluded if they had
major surgery within the past four weeks, variceal
bleeding within two weeks prior to inclusion, or a life
expectancy of less than three months.'® Furthermore,
patients underwent upper gastrointestinal endoscopy
and prophylactic band ligation of any large esophageal
varices prior to inclusion.
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Patients who did not undergo repeated HVPG meas-
urement and those in whom NSBB therapy was
initiated during the study period were excluded from
the analysis.

As not all patients underwent HVPG reassessment at
all time points, subgroups were formed. Patients in
whom HVPG measurement was performed within
nine days after the first TACE procedure were included
in the “acute effects”” group. All patients who received
an HVPG measurement at month 2 after the initial
TACE were included in the “intermediate effects”
group. Finally, patients in whom HVPG evaluation
was available six months after the first TACE session
were assigned to the “long-term effects” group. PHT-
related complications (variceal bleeding, spontaneous
bacterial peritonitis, new onset of ascites or hepatic
encephalopathy) that occurred between baseline and
the last follow-up HVPG measurement at month 6
were recorded.

TACE procedure

Super-selective, conventional TACE (cTACE) was per-
formed with doxorubicin (Pfizer Corporation) at a dose
of 75, 50 and 25mg/m? according to serum bilirubin
levels (<1.5, 1.5-3, and =>3mg/dl) and lipiodol
(Guerbet) mixed in a 1:1 ratio as previously described.'®
Thereafter, embolization was performed with Bead
Block microspheres (Bead Block, Biocompatibles)
100-500 um in size until stasis in the tumor-feeding hep-
atic artery branches occurred. For safety reasons only
one liver lobe per session was treated in case of bilobar
tumor nodules.'®

HVPG measurement

HVPG measurement was performed according to a
standard operating procedure as previously described.'’
In brief, a balloon occlusion catheter was introduced
through the inferior vena cava into a large liver vein. At
least three repeated measurements of free and wedged
hepatic vein pressure were performed and mean values
were calculated to determine the HVPG (the difference
between free and wedged hepatic vein pressures).'’
Clinically significant portal hypertension (CSPH) was
defined as HVPG >10 mmHg.18

Statistics

Statistical analyses were performed using IBM SPSS
Statistics 25.0 (SPSS Inc) and GraphPad Prism 6
(GraphPad Software). Continuous variables were
reported as mean+SD or median (interquartile range
(IQR)) and categorical values were reported as num-
bers (n) and proportions (%) of patients with the

respective characteristic. Comparisons of proportions
were performed using chi-squared test or Fisher exact
test, as applicable. Unpaired continuous variables were
compared using Student 7 test or Mann-Whitney U test,
and paired analysis of different time points using
Wilcoxon signed-rank test. Correlation between
AModel for End-Stage Liver Disease (MELD) and
AHVPG was analyzed using Spearman correlation
coefficient (p). Overall survival was calculated as the
time from first TACE until the date of death or last
follow-up if still alive. Survival was calculated and
plotted using the Kaplan-Meier method. Statistical dif-
ferences in survival between the two treatment groups
were compared by means of the log-rank test.

Results
Patient characteristics

Of a total of 32 patients included in the trial, exclusions
included one patient who missed follow-up HVPG
measurements and another three patients in whom non-
selective beta-blocker (NSBB) treatment was initiated
during follow-up. Twenty-eight patients were included
in our final data set (Figure 1). Of these, 13 patients
received TACE alone (“placebo group”) and 15
patients were treated with TACE plus bevacizumab.
As not all patients underwent HVPG measurements
at all time points, the following patient numbers were
eligible for statistical analysis within the different
groups: Twenty-six patients underwent HVPG meas-
urement right before and within nine days after the
first TACE procedure and were therefore included in
the “acute TACE effects” group. Twenty-three patients
had an HVPG measurement at baseline and after two
months and were included in the “intermediate effects”
group, and finally, 13 patients underwent an additional
HVPG measurement six months after the first TACE
session and were available for the evaluation of
“long-term effects.” These different group sizes can be
explained by the fact that changes in portal pressure
was a secondary endpoint in the AVATACE trial and
not all patients had to undergo repeated measurement
to stay in the study. Reasons for missing HVPG assess-
ments at the three different time points are detailed in
Supplementary Table 2.

Detailed patient characteristics are shown in Table 1.
The majority of patients (n=25, 89%) were male
and mean age was 61 £ 8 years. Main etiologies of liver
disease were viral hepatitis and alcoholic liver disease
(n=12 (43%) and n=13 (46%), respectively). Mean
Child-Pugh score was 6+1 points, resulting in 22
(79%) Child-Pugh A and six (21%) Child-Pugh B
patients. The mean MELD score was 10+ 3 points.
Twenty patients (71%) had CSPH and median HVPG
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n = 32 AVATACE patients

Excluded:
* no HVPG- remeasurements (n =1)
* Initiation of NSBB treatment during follow-up (n = 3)

n = 28 patients included in this study

n =13 patients receiving TACE + Placebo ]

—
—

n =15 patients receiving TACE + Bevacizumab j

n = 26 patients with early remeasurement (<9 days) after TACE (“acute effects group”)

n = 23 patients with remeasurement after 2 month (“intermediate effects group”)

n = 13 patients with remeasurement after six months (“long-term effects group”)

Figure 1. Patient flowchart.

HVPG: hepatic venous pressure gradient; NSBB, nonselective beta-blocker; TACE: transarterial chemoembolization.

was 12 (IQR: 9-19) mmHg. The large majority of patients
had intermediate-stage HCC (BCLC B: n =24, 86%).

Acute effects of TACE on HVPG

Follow-up HVPG measurement was performed within
nine days after the first TACE (median: 2 days (IQR:
1-3 days)). In total, 12 patients (46%) were randomized
to TACE plus placebo, while 14 patients (54%)
received TACE in combination with bevacizumab
(Figure 2(a)). Median HVPG after the first TACE did
not change compared with baseline in the whole cohort
(15 (IQR: 819)ymmHg vs 16 (IQR: 7-20)mmHg;
p=0.822) nor in the different subgroups (TACE only:
14 (IQR: 7-200mmHg vs 13 (IQR: 7-20)mmHg;
p=0.305; TACE + bevacizumab: 15 (10-18) mmHg vs
16 (7-20) mmHg, p =0.721) (Figure 2(a)).

Intermediate effects of TACE on HVPG

In total, 23 patients underwent follow-up HVPG
measurement two months after the first TACE (59
(IQR: 58-78) days) (Figure 2(b)). All patients had
undergone three TACE sessions by then. Ten patients
(43%) were treated with TACE alone and n=13
(57%) received concomitant bevacizumab. Although
there was a numerical increase in HVPG in both
groups, changes were not statistically significant in
the whole cohort (12 (IQR: 8-18)mmHg vs 14 (IQR:
6-18)mmHg; p=0.223) or in the different treatment
groups (TACE only: 11 (IQR: 5-19)mmHg vs 14
(7-21) mmHg); p=0.258; TACE + bevacizumab: 12
(10-18) mmHg vs 14 (6-18)mmHg; p=0.655)
(Figure 2(b)).

Long-term effects of TACE on HVPG

Follow-up HVPG measurement after six months
(median, 182 (IQR: 175-191) days) was available in
13 patients (Figure 2(c)), of whom seven were treated
with TACE alone, while six patients received concomi-
tant bevacizumab. These patients underwent 4 40.5
TACE procedures. In contrast to the other time
points, median HVPG significantly increased from
baseline to follow-up HVPG evaluation at six months
in the overall cohort (10 (IQR: 5-12)mmHg vs 16
(IQR: 11-19)mmHg, p=0.007) and in the subgroup
of patients receiving TACE + bevacizumab (11 (IQR:
10-12) mmHg vs 18 (IQR: 15-21)mmHg, p=0.046).
Additionally, there was a trend toward an increase in
median HVPG in patients treated with TACE only (8
(IQR: 4-18mmHg) vs 12 (IQR: 5-18)mmHg,
p=0.058), which did not attain statistical significance,
probably because of the limited sample size/statistical
power. Interestingly, a significant increase in HVPG
was observed in patients with and without CSPH at
baseline (Supplementary Table S1).

Supplementary Figure S1 shows overall changes and
supplementary Figure S2 individual changes of HVPG
over time (baseline and month 6).

Notably, there was no correlation between AMELD
(baseline vs month 6) and AHVPG (Spearman
p=0.305, p=0.310) (Figure 3), suggesting that the
observed increase in HVPG in this cohort was not
due to a significant deterioration of liver function. In
line, in six patients (46%) the hepatotoxic trigger was
removed, as five patients with alcoholic cirrhosis
stopped drinking and one patient with hemochroma-
tosis underwent repetitive phlebotomy. In one patient
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Table 1. Patient characteristics.

All patients,
n=28

Sex, male (%)/female (%) 25 (89%)/3 (11%)

Age, years (mean=5SD) 6148
Etiology

Viral hepatitis, n (%) 12 (43%)

Alcohol, n (%) 13 (46%)

Other, n (%) 3 (11%)
Presence of ascites, n (%) 5 (18%)
Varices 9 (32%)

Small varices, n (%) 4 (14%)

Large varices, n (%) 5 (18%)
NSBB therapy 3 (11%)

Propranolol, n (%) 3 (11%)
INR 1.240.2
Albumin, g/ 37+5
Child-Pugh score, points (mean=£SD) 6+1

Child-Pugh A, n (%) 22 (79%)

Child-Pugh B, n (%) 6 (21%)
MELD score, points (mean=+SD) 1043
PS

PS 0, n (%) 28 (100%)
BCLC stage

A, n (%) 4 (14%)

B, n (%) 24 (86%)
Treatment group

TACE alone, n (%) 13 (46%)

TACE + bevacizumab, n (%) 15 (54%)
HVPG, mmHg (median (IQR)) 12 (9-19)
Level of portal hypertension

No portal hypertension (HVPG < 6) 5 (18%)

Subclinical portal hypertension 3 (11%)

(HVPG 6-9 mmHg)
Clinically significant portal hypertension 20 (71%)
(HVPG > 10 mmHg)

Number of TACE sessions (mean=SD) 4L+1

n: number of patients; BCLC: Barcelona Clinic Liver Cancer; PS: Performance
Status; HVPG: hepatic venous pressure gradient; INR: international normal-
ized ratio; MELD: Model for End-Stage Liver Disease; NAFLD: nonalcoholic
fatty liver disease; NSBB: nonselective beta-blocker; TACE: transarterial
chemoembolization.

with cryptogenic cirrhosis presenting with metabolic
syndrome, diabetes was well controlled. Six other
patients (46%) with hepatitis C virus (HCV) cirrhosis
were viremic during the study and therefore still had a
hepatotoxic trigger. Finally, there was no association
between radiological tumor progression and changes
in HVPG at month 6 (Supplementary Table 3).

Incidence of PHT-induced complications
and survival

In total, eight of 28 patients (29%) experienced
PHT-related complications during the study period.
Three patients (15%) developed ascites, two patients
(10%) presented with variceal bleeding, four patients
(20%) had an episode of hepatic encephalopathy, and
two patients (10%) developed spontaneous bacterial
peritonitis. Notably, all PHT-related complications
occurred in patients with CSPH (n=8 vs 0; Table 2).
In the “long-term effects” subgroup, PHT-associated
complications developed only in patients with CSPH
who had an increase in HVPG of >3 mmHg (=median
change; Table 3).

As shown in Figure 4, survival was not significantly
different between patients with vs without CSPH at
baseline (CSPH: 10 (95% confidence interval: 4-16)
months vs no-CSPH: 15 (0-43) months, p=0.201).

Discussion

In the present study, we evaluated changes in HVPG at
different time points in patients with HCC treated with
repeated TACE. While TACE had no significant short-
term effects on HVPG, we observed a significant
increase in HVPG after six months and repeated
TACE. Importantly, all PHT-related complications
occurred in patients with CSPH.' These patients had
a numerically shorter median overall survival, even
though—and likely because of the limited sample
size—it was not statistically significant. Furthermore,
in patients with available HVPG evaluation at month
six, PHT-related events occurred only in patients with
CSPH and an HVPG increase of >3 mmHg. This find-
ing is in line with recent publications showing that clin-
ically evident PHT (as defined by the presence of
clinical signs of PHT such as the presence of varices)
was a very important poor prognostic factor in HCC
patients undergoing TACE.?%*!

Furthermore, previous Doppler ultrasonography
studies have documented a transient increase in por-
tal flow after transarterial embolization, which might
compensate for the decrease in hepatic arterial blood
flow. Portal flow peaked about one week after embol-
ization and remained increased for at least two
weeks.!> 1 In our study, we neither observed an
increase of HVPG within days after the first TACE
nor after two months and repeated TACE, suggesting
that the acute increase in portal flow after embolization
as measured with ultrasound did not translate into
a clinically meaningful increase in portal pressure.
Our results are in line with a small pilot study*? show-
ing that in 15 patients with HCC undergoing TACE,
HVPG did not change within three days after TACE.
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Figure 2. Comparison of HVPG value at baseline (before first TACE) and (a) shortly after the first TACE (“‘acute effects group”), (b) after

two months and (c) after six months.

HVPG: hepatic venous pressure gradient; TACE: transarterial chemoembolization.
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Figure 3. Correlation between changes in HVPG and changes in
MELD score between baseline (pre-TACE) and month 6 (after
repeated TACE).

Abbreviations: A HVPG: delta hepatic venous pressure gradient;
A MELD: delta model of end-stage liver disease.

Figure L. Impact of clinically significant portal hypertension at

baseline on survival.
Abbreviations: HVPG: hepatic venous pressure gradient.
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Table 2. Incidence of portal hypertension-associated complica-
tions according to hepatic venous pressure gradient (HVPG).

HVPG HVPG
< 10 mmHg > 10 mmHg
(n=28) (n=20)
Incidence of portal hypertension- 0(-) 8 (40%)
associated complications
Development of ascites 0 (-) 3 (15%)
Variceal bleeding 0(-) 2 (10%)
Hepatic encephalopathy 0(-) 4 (20%)
Spontaneous bacterial 0(-) 2 (10%)

peritonitis

Table 3. Comparison of the incidence of portal hypertension
(PHT)-associated complications in patients with hepatic venous
pressure gradient (HVPG) change above vs below the median
change from baseline to follow-up evaluation at month 6.

AHVPG AHVPG
<3mmHg >3 mmHg
(n=5) (n=8)
Incidence of PHT-associated complications 0 (-) 3 (38%)
Development of ascites 0 (-) 2 (25%)
Variceal bleeding 0 (-) 0(-)
Development of hepatic 0 (-) 0(-)
encephalopathy
Development of spontaneous 0 (-) 1 (13%)

bacterial peritonitis

However, no long-term effects on HVPG were investi-
gated in this study.?

Notably, we observed an increase in HVPG after six
months and repeated TACE sessions. Mechanistically,
this observation could be attributed to architectural
changes within the liver and splanchnic area as a result
of TACE-induced vascular endothelial growth factor
(VEGF) upregulation and liver fibrosis progression.

Serum VEGF levels increase after TACE and remain
elevated for at least four weeks, especially after conven-
tional TACE.”> > VEGF is associated not only with out-
come after TACE*? but is also involved in the
pathophysiology of PHT, as it promotes vasodilation
and splanchnic vascularization, aggravating hyperdynamic
splanchnic circulation and eventually increasing portal
pressure.””*®  Notably, anti-VEGF-targeted treatment
has previously been shown to ameliorate portal hyperten-
sive syndrome in rats.*> ! However, it did not prevent the
increase in HVPG after repeated TACE in our study, since
an HVPG increase was also observed in the subgroup of
patients treated with TACE plus bevacizumab.

Additionally, chronic tissue injury leads to activation
of quiescent stellate cells to migratory and contractile
myofibroblasts. These activated stellate cells promote

vasoconstriction as well as secretion of extracellular
matrix proteins, which contribute to the development
of liver fibrosis.*** Both intrahepatic vasoconstriction
(functional component) and liver fibrosis (mechanical
component) increase intrahepatic resistance and ultim-
ately lead to PHT.** Since TACE induces ischemic tissue
injury not only in the tumor but to some degree also in
surrounding noncancerous liver tissue,”” repeated TACE
may also promote the progression of liver fibrosis.
Indeed, hepatic artery ligation-induced hypoxia aggra-
vated liver fibrosis in an experimental model of HCC,
while inhibition of hypoxia-inducible-factor-la attenu-
ated liver fibrosis progression.

We have to acknowledge some limitations. First, the
limited sample size and the fact that not all patients
underwent HVPG measurement at all time points weak-
ens the statistical power of this analysis. However, to our
knowledge, this is the first study to show the hemo-
dynamic long-term effects of TACE on HVPG.
Furthermore, we cannot prove our theories about the
underlying mechanism of the observed effects, as
serum samples to evaluate changes in VEGF and serial
liver biopsies/liver stiffness measurements to assess pro-
gression of liver fibrosis were not available. We also
cannot rule out that the observed HVPG increase may
be partly attributed to the natural course of the disease.
In almost half of our patients, the hepatotoxic trigger
was removed, but the other half had HCV-related cir-
rhosis and was viremic during the study. However, a
recent study evaluating the natural course of HVPG in
HCYV patients found a median HVPG increase of only
1.5mmHg within 24 weeks®’ compared with a median
increase of 6.0mmHg in our study. Hence, we believe
that the natural course of the underlying disease only
had a minor impact on our results.

In conclusion, short-term hepatic hemodynamic
changes after TACE may be mild and reversible, but
repeated TACE may lead to an aggravation of PHT in
the long run. Importantly, only patients with CSPH
developed PHT-associated complications. As portal
pressure has previously been shown to play a role in
the development of HCC™® and is a major driver of com-
plications in this patient population,'® NSBB therapy of
CSPH should not be withheld from patients with
HCC.* These data could provide valuable information
to clinicians and are worth considering when deciding
whether to continue with TACE or switch to systemic
therapy. While currently available scores to guide the
decision for retreatment with TACE (e.g. Assessment
for Retreatment with Transarterial Chemoembolization
(ART)'? or alpha fetoprotein, BCLC stage, Child-Pugh
score, and treatment response (ABCR)* score) do not
include portal pressure, recent studies identified clinically
evident PHT as an important prognostic factor.”®?'
Therefore, we believe that HVPG measurement before
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TACE might provide useful information on the risk of
PHT-related complications and prognosis in patients
undergoing TACE. While noninvasive markers are
well validated to rule PHT in or out,' they are insuffi-
cient to monitor changes in HVPG.*! Our data suggest
that monitoring HVPG during TACE may add add-
itional important data to facilitate treatment individual-
ization. Larger studies are warranted to confirm these
results.
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