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Abstract: To clarify the risk factors for aggravation of esophagogastric varices (EGV) after hepatitis C virus
(HCV) eradication with direct-acting antiviral (DAA) therapy, we enrolled 167 consecutive patients with HCV-
related compensated cirrhosis who achieved a sustained virological response (SVR) after DAA therapy. During
a median of 69 months, EGV was aggravated in 42 (25%) patients despite SVR. The cumulative 1, 3, 5, and 10-
year aggravated EGV rates were 7%, 23%, 25%, and 27%, respectively. Multivariate analysis identified platelet
count <11.0x10%/uL, LSM 218.0 kPa, total bile acid >33.0 umol/L, and diameter of left gastric vein (LGV) 25.0
mm at HCV eradication as independent risk factors for EGV aggravation post-SVR. In groups that meet all of
these risks, the cumulative EGV aggravation rates at 1, 3, and 5 years were 27%, 87%, and 91%, respectively.
However, none of the patients who had only one or none of the risk factors experienced EGV aggravation.
Platelet count, LSM, total bile acid, and diameter of LGV at HCV eradication were associated with aggravated
EGV post-SVR. EGV tends to worsen as two or more of these risk factors increase.

Keywords: direct-acting antiviral; sustained virological response; esophagogastric varices; liver stiffness
measurement; total bile acid; left gastric vein

1. Introduction

Sustained virologic response (SVR) after treatment of hepatitis C virus (HCV) infection is
associated with improved patient survival rates [1], with a reduction in the risk for liver
decompensation and hepatocellular carcinoma (HCC). Achieving SVR is generally associated with
several long-term changes in the liver: normalized hepatic enzyme levels; regression of hepatic liver
necrosis, inflammation, and fibrosis; and improved hepatic function [2]. In addition, portal venous
pressure decreases after SVR with DAA therapy [3-6], and patients can be expected to avoid
progression to portal hypertension. Portal hypertension is a major consequence of cirrhosis and is
responsible for its most severe complications, including ascites, bleeding from esophagogastric
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varices (EGV), and portosystemic encephalopathy. Therefore, background liver management is
necessary, and it is important for patients with HCV-related cirrhosis to achieve SVR.

However, when starting DAA therapy, if portal hypertension or EGV have already developed
or if collateral vessels are dilated, symptoms associated with portal hypertension may be difficult to
improve even if SVR is achieved. We have previously reported that patients with HCV-related
cirrhosis who had already developed collateral vessels may experience aggravation of EGV or
develop portosystemic encephalopathy even if they achieve SVR [8-10].

On the other hand, risk factors for complications associated with worsening portal hypertension
despite SVR remain unclear.

In portal hypertension, it is important to determine the status of portal venous pressure, and
hepatic venous pressure gradient (HVPG) is used as an estimate [11]. However, HVPG is an invasive
examination. Therefore, we decided to use non-invasive testing to elucidate the risk factors for
worsening portal hypertension after SVR with HCV-related cirrhosis. In addition to liver stiffness,
platelet count, and diameter of portosystemic collateral vessels, we also analyzed autotaxin and bile
acid levesl as liver fibrosis markers.

In this study, we retrospectively analyzed the risk of portal hypertension in patients with HCV-
related cirrhosis after eradicating HCV.

2. Materials and Methods

We examined 167 patients with HCV-related cirrhosis who achieved SVR following DAA
therapy at Hiroshima University Hospital between May 2010 and March 2020. Cirrhosis was assessed
based on liver imaging tests or prior liver biopsy showing F4. Patients with Child-Pugh class A
without a history of decompensated events were considered to have compensated cirrhosis, and
patients with Child-Pugh class B or C or patients with a history of decompensated events were
considered to have decompensated cirrhosis. All patients provided written informed consent to
participate in the study in accordance with the ethical guidelines of the Declaration of Helsinki and
with a program approved by the ethics committee of Hiroshima University Hospital.

2.1. Clinical Assessments

All patients underwent regular surveillance via liver function tests, ultrasonography, dynamic
computed tomography (CT), and endoscopic examinations.Liver function tests were conducted
before and at the end of the treatment (EOT) and 6 months and 1, 2, and 3 years after EOT.

2.2. Measurement of Liver Stiffness

We measured the severity of liver stiffness measurement (LSM) before treatment and 6 months
and 1, 2, and 3 years after EOT using a FibroScan-502 (Echosens, Pari, France).

2.3. Endoscopic Examination for Assessing EGV

We evaluated the endoscopic findings of EGV based on the classification of the Japanese Society
for Portal Hypertension and Esophageal Varices [12]. The form (F) of EGV was classified as follows:
FO was treated and completely treated, with no varices; F1 was straight and relatively thin; F2 was
beaded and moderately thick; and F3 was thick, nodular, or mass-like. There are three types of Red
Color (RC) sign: red wale marking, cherry red spot, and hematocystic spot. RC1 is observed only in
one-line varices, RC2 is observed between RC1 and RC3, and RC3 is observed in all circumferential
varices. Endoscopy was performed within 6 months before starting antiviral therapy and was
evaluated at least once each following year. Compared with baseline findings on follow-up
endoscopy, worsening of F and RC signs was defined as aggravation of EGV. Endoscopy results were
confirmed by two expert endoscopists.
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2.4. CT Examination for Portal Hypertension

CT examination was performed in the high-quality scanning mode. We focused on the left
gastric vein (LGV) and splenorenal shunt as portosystemic collateral vessels, and these vessels were
evaluated by dynamic CT, measuring the vessel diameter and recording the widest part of the vessel
in all cases in this study.

2.5. Statistical Analysis

Continuous variables were analyzed using the Mann-Whitney U-test. Aggravated EGV was
calculated using the Kaplan—-Meier method, and differences between groups were assessed using a
log-rank test. Multivariate analysis was performed using a Cox proportional hazard model with a
stepwise selection of variables or two logistic regression analyses. Receiver operating characteristic
curves were used to determine the cutoff values for predicting the aggravated EGV-related events in
the patients. All statistical analyses were performed using IBM SPSS version 23.0. P < 0.05 was
considered significant.

3. Results

3.1. Baseline Characteristics of the Patients

The baseline characteristics of the 167 patients are shown in Table 1. The present study included
82 men and 85 women, with a median age of 74 (range 48-90) years. The median FIB-4 index was 5.98
(range 3.27-26.09), the ALBI score was -2.56 (range -3.43 to —1.28), and the LSM was 18.9 (range 3.6—
44.2) kPa. Before initiating DAA therapy, 51 of 167 (31%) patients had complications due to EGV,
classified as F1 in 42 (25%) patients and F2 in 9 (5%) patients. The RC sign was not observed in any
of the patients with EGV.

Table 1. Clinical characteristics of 167 patients.

Category
Age, years 74 (48-90)
Sex, male/female 82/85
Body mass index, kg/m? 22.3(14.7-39.1)
Total bilirubin, mg/dL 0.8(0.3-3.6)
Aspartate aminotransferase, IlU/L 49(12-351)
Alanine aminotransferase, [U/L 37(82-54)
Albumin, g/dL 3.9(2.3-5.1)
Total cholesterol, mg/dL 140(75-256)
Ammonia, pg/dL 40(10-128)
Platelet count, x104/pL 9.8(3.0-29.5)
Prothrombin activity, % 83(31-112)
Alfa-fetoprotein, ng/mL 7.3(1.1-482.9)
FIB-4 index 5.98(3.27-26.09)
ALBI score -2.56(-3.43— -1.28)
Liver stiffness measurement, kPa 18.9(5.6-44.2)
Total bile acid, pmol/L 32.3(1.73-17.7)
Autotaxin, mg/L 1.89(0.76-43.29)
Past history of HCC, yes/no 89/78
Diameter of left gastric vein, mm 4.9(2.8-13.9)
Diameter of splenorenal shunt, mm 8.1(6.7-23.1)
Esophagogastric varices, F1/ F2 41/7
Gastric varices, F1/F2 1/2

Continuous data are represented as median and range, and categorical data are represented as counts of patients.
FIB-4 index, Fibrosis-4 index; ALBI, albumin-bilirubin grade; HCC, hepatocellular carcinoma.
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3.2. Aggravated EGV after Eradicating HCV

During the median follow-up period of 69 (range 3-127) months, EGV was aggravated in 42
(25%) patients despite achieving SVR. Twelve patients increased from FO to F1, two patients from FO
to F3, 17 patients from F1 to F2 or appearance of the RC sign, 7 patients from F1 to F3 or appearance
of the RC sign, and 4 patients from F2 to F3 or appearance of the RC sign. The cumulative 1, 3, 5, and
10-year aggravation rates of EGV were 7%, 23%, 25%, and 27%, respectively (Figure 1). Although
HCC recurred in 53 patients, portal vein tumor thrombosis was not observed in any of them.
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Figure 1. Cumulative rate of esophagogastric varices (EGV) aggravation after achievement of
sustained virological response.

3.3. Changes in Liver Function Test, Serum Fibrosis Markers and Liver Stiffness after Achieving SVR

Changes in liver function test, serum fibrosis markers, and liver stiffness after SVR depending
on the presence or absence of EGV aggravation are shown in Figure 2. In patients without EGV
aggravation, the median ALBI score decreased significantly (P<0.001) from -2.59 before treatment to
-2.86 at the time of SVR achievement. One, two, and three years after EOT, the median ALBI score
decreased to -2.87, -2.92, and -3.12, respectively, and the improvement in liver function was
maintained. The median FIB-4 index decreased significantly (P<0.001) from 5.12 before treatment to
4.19 at the time of SVR. It decreased to 4.20, 3.86, and 3.14, one, two, and three years after EOT,
respectively, and the improvement in liver function was also maintained. The median LSM decreased
significantly (P<0.001) from 14.3kPa before treatment to 12.5kPa at the time of SVR, decreasing to
9.2kPa, 8.9kPa, and 6.3kPa, one, two, and three years after EOT, respectively, and the improvement
in liver stiffness was maintained. In patients with aggravated EGV, the median ALBI score decreased
significantly (P<0.001) from -2.37 before treatment to -2.72 at the time of SVR achievement,
decreasing to —2.81, —2.81, and -3.12, one, two, and three years after EOT, respectively, and the
improvement in liver function was maintained. The median FIB-4 index decreased significantly
(P<0.001) from 7.78 before treatment to 6.82 at the time of SVR achievement and decreased to 5.56,
5.42, and 4.38, one, two, and three years after EOT, respectively. The improvement in liver function
was maintained. On the other hand, no significant improvement in LSM was observed, decreasing
only slightly from 27.5kPa before treatment to 27.4kPa at the time of SVR and 26.2kPa even one year
after EOT. However, LSM decreased significantly to 22.5kPa two years after EOT (P<0.001).
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Figure 2. Changes in liver function and liver fibrosis following achievement of sustained virological
response. Changes in ALBI score, FIB-4 index, and liver stiffness at baseline (Pre), SVR, and 6 (PT6M),
12 (PT12M) and 36 (PT36M) months post treatment in patients with and without aggravation of
esophagogastric varices (EGV). In these box-and-whisker plots, lines within the boxes represent
median values. The upper and lower lines of the boxes represent the 75th and 25th percentiles,
respectively, and the upper and lower bars outside the boxes represent the 90th and 10th percentiles,
respectively.

3.4. Changes in Liver Stiffness after Achieving SVR and Aggravated EGV after Eradicating HCV by
Pretreatment LSM

Because LSM seems to be associated with aggravated EGV, we analyzed changes in LSM after
SVR based on pretreatment LSM level. In the group of patients with a pretreatment LSM of 15-20
kPa, the median LSM decreased significantly from 18.5 at pretreatment to 13.6 when SVR was
achieved (P < 0.05) and further reduced to 9.6 and 9.4 kPa at 1 and 2 years after EOT, respectively
(Figure 3a). In the group with an LSM of 20-30 kPa, the median LSM decreased significantly from
25.2 at pretreatment to 21.8 when SVR was achieved (P < 0.05) and further reduced to 16.9 and 12.6
kPa at 1 and 2 years after EOT, respectively. By contrast, in the group with pretreatment LSM >30
kPa, the median LSM decreased only slightly from 34.7 at pretreatment to 33.2 when SVR was
achieved and 31.6 kPa at 1 year after EOT. These findings indicate that LSM is less likely to improve
despite eliminating HCV when pretreatment LSM >30 kPa. We analyzed the association between
aggravated EGV and pretreatment LSM. The cumulative aggravated EGV rates at 1, 3, and 5 years
were 14%, 63%, and 74% for the group with a pretreatment LSM >30 kPa, 10%, 31%, and 31% for the
group with an LSM of 20-30 kPa, and 5%, 13%, and 13% for the group with an LSM of 10-20 kPa,
respectively (Figure 3b). By contrast, no patients with a pretreatment LSM <10 kPa had aggravated
EGV (P <0.001).
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Figure 3. (a) Changes in liver stiffness measurement (LSM). Patients were classified into three groups
with respect to LSM at the start of antiviral therapy 15-20 kPa, 20-30 kPa, and >30 kPa. LSM was
measured at baseline (Pre), SVR and 6 (PT6M) and 12 (PT12M) months post-treatment. (b)
Cumulative rate of esophagogastric varices (EGV) aggravation after end of treatment according to
liver stiffness measurement (LSM) at the start of antiviral therapy.

3.5. Serum Bile Acid and Predictive Factors Associated with Aggravated EGV

We focused on serum bile acid because it is considered to be associated with extrahepatic
portosystemic shunts. The total serum bile acid level at the time of SVR was significantly correlated
with LGV diameters (Figure 4). We then analyzed predictors for post-SVR aggravated EGV,
including serum total bile acid. Univariate analysis showed that platelet count, LSM, total bile acid
level, autotaxin level, history of HCC, and the diameter of the LGV at the time of SVR were
significantly associated with aggravated EGV (Table 2). Multivariate analysis identified platelet count
<11.0 x 104/pL (hazard ratio [HR] 3.769 for >11.0 x 10%/uL, P = 0.008), LSM 218.0 kPa (HR 4.834 for
<18.0 kPa; P = 0.006), total bile acid >33.0 pmol/L (HR 3.341 for <33.0 umol/L, P = 0.009), and the
diameter of LGV 25.0 mm when HCV was eradicated (HR 5.891 for <5.0 mm, P < 0.001) as
independent risk factors for aggravated EGV after achieving SVR. Receiver operating characteristic
curves were generated for both values, and the optimal cutoff values were identified as 11.0 x 104/uL
for platelet count at SVR, with an area under the curve (AUC) of 0.786 (P < 0.001), 18.0 kPa for liver
stiffness at SVR with an AUC of 0.883 (P < 0.001), 5.0 mm for the maximal diameters of the LGV with
an AUC of 0.901 (P < 0.001), and 33 pmol/L for total bile acid at SVR with an AUC of 0.767 (P < 0.001)
(Figure 5).

We analyzed the cumulative rate of aggravated EGV according to the number of risk factors. In
patients who had all four risk factors, LGV diameter >5.0 mm, LSM >18.0 kPa, platelet count <11.0 x
104/uL, and total bile acid 233.0 pmol/L, the cumulative EGV aggravation rates at 1, 3, and 5 years
were 27%, 87%, and 91%, respectively. In patients with three risk factors, the cumulative aggravation
rates at 1, 3, and 5 years were 7%, 40%, and 53%, respectively. In patients with two risk factors, the
cumulative aggravation rates at 1, 3, and 5 years were 0%, 12%, and 12%, respectively. By contrast,
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none of the patients who had zero or one risk factors experienced aggravated EGV during the
observation period (P < 0.001) (Figure 6).
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Figure 4. Correlation between the diameter of the left gastric vein and total bile acid at the end of

treatment.
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Figure 5. Receiver operating characteristic curves for platelet count, liver stiffness measurement
(LSM), and diameter of the left gastric vein (LGV) and total bile acid at SVR.

Table 2. Univariate and multivariate analyses of risk factors associated with aggravation of
esophagogastric varices after eradicating HCV.

Univariate o .
Category analysis Multivariate analysis
HR (95% CI) P-value
P-value
Age, <70/70< years 0.559 - -
Sex, male/female 0.649 - -
Body mass index, <23/23<kg/m? 0.562 - -
Total bilirubin, <1.0/1.0smg/dL 0.656 - -
Aspartate aminotransferase, <30/30<IU/L 0.317 - -
Alanine aminotransferase, <20/20<IU/L 0.258 - -
Albumin, <4.2/4.2<g/dL 0.086 - -
Total cholesterol, <170/170<mg/dL 0.382 - -
Ammonia, <40/40<pg/dL 0.426 - -
Platelet count, <11.0/11.0<x10%/uL <0.001 3.769 (1.424-9.977) 0.008
Prothrombin activity, <80/80<% 0.351 - -

Alfa-fetoprotein, <5.0/5.0sng/mL 0.763 - -
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8
FIB-4 index, <4.39/4.39< 0.482 - -
ALBI score, <-2.82/-2.82< 0.095 - -
Liver stiffness measurement, 4.834 (1.706—
<0. .
<18.0/18.0<kPa 0.001 10.794) 0.006
Total bile acid, <33.0/33.0<umol/L <0.001 3.341 (1.350-8.173) 0.009
Autotaxin, <1.9/1.9<mg/L 0.008 1.921 (0.685-5.832) 0.286
Past history of HCC, yes/no 0.022 1.532 (0.523-4.386) 0.485
Diameter of left gastric vein, <0.001 5.891(2.596-14.228) <0.001
<5.0/5.0<mm
Diameter of splenorenal shunt, 0.051 B B
<8.0/8.0<mm ’

* FIB-4 index, Fibrosis-4 index; ALBI, albumin-bilirubin; HCC, hepatocellular carcinoma; HR, hazard ratio; CI,
confidence interval.
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Figure 6. Cumulative rate of esophagogastric varices (EGV) aggravation after the end of treatment.
Patients were divided into four groups based on risk factors (the diameter of left gastric vein 5.0 mm,
liver stiffness measurement >18.0 kPa, platelet count <11.0x104/uL, and total bile acid >33.0 pmol/L).
Patients having all four risk factors (thick solid line), three risk factors (thin solid line), two risk factors
(long dotted line), ad with one or no risk factors (gray solid line).

4. Discussion

During the median observation period of 69 months, 42 (25%) patients with HCV -related liver
cirrhosis experienced aggravation of their EGV despite achieving SVR. This finding is consistent with
previous reports that EGV was aggravated in 13%-58% of patients with HCV-related cirrhosis who
achieved SVR [13, 14].

Liver function and liver fibrosis estimates based on the ALBI score and FIB-4 index improved
after SVR regardless of whether EGV was aggravated. However, the median LSM failed to improve
for the first two years when LGV worsened. Moreover, in patients who had LSM 230 kPa before
treatment, the median LSM did not decrease until one year after EOT, and subsequently improved
by two years after EOT. Furthermore, the cumulative aggravated EGV rates at 1, 3, and 5 years were
14%, 63%, and 74% for the group with a pretreatment LSM >30 kPa, aggravation rates were
significantly higher in the LSM >30 kPa group.


https://doi.org/10.20944/preprints202406.0243.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 June 2024 d0i:10.20944/preprints202406.0243.v1

LSM is widely used as a non-invasive test for liver cirrhosis and portal hypertension [15].
Recently, spleen stiffness has been measured in the same way as liver stiffness, and there are reports
that spleen stiffness is also related to EGV thickness and HVPG [16]. Furthermore, liver stiffness is
positively correlated with EGV in patients with HCV-related cirrhosis [17]. Ogasawara et al. reported
that liver stiffness at 24 weeks after EOT predicts aggravated EGV in post-SVR patients with HCV-
related cirrhosis [18]. Based on these facts, we believe that it is important to understand the status of
EGYV before administering DAA therapy to patients with HCV-related cirrhosis.

This study newly found that total bile acids are associated with the diameter of LGV and are an
independent aggravation factor for post-SVR EGV. Bile acids are produced in the liver and stored in
the gallbladder. After meals, the stored bile acids are released into the small intestine. Approximately
95% of the bile acids in the intestinal tract are reabsorbed and return to the liver through the portal
vein as part of the bile acid enterohepatic circulation [19]. Serum total bile acids are elevated in
patients with liver cirrhosis [20, 21], and portosystemic shunts have been reported to be associated
with elevated serum bile acids in peripheral blood [22,23]. Hayashi et al. measured portal pressure
in patients who underwent percutaneous transhepatic portal vein puncture and showed that bile acid
levels were positively associated with portal pressure [24]. Certainly, in portal hypertension, it is
necessary to understand the status of portal venous pressure, and HVPG is used as a substitute for
portal venous pressure [11]. However, HVPG measurement is currently not covered by insurance in
Japan, and although there are reports involving invasive tests, there are almost no reports on non-
invasive tests. Therefore, we believe that total bile acids should be measured and may be an important
indicator for monitoring changes in portal hypertension and its progress.

Here, we identified the following independent risk factors for post-SVR aggravated EGV:
platelet count <11.0 x 104/pL, LSM >18.0 kPa, total bile acid 233.0 umol/L, and LGV diameter >5.0 mm.
These findings are consistent with the Baveno VII guidelines [25], which recommend surveillance of
EGV based on platelet count and LSM. The existence of EGV or portosystemic collateral vessels
increases the risk of aggravated EGV and the incidence of portosystemic encephalopathy in patients
with HCV-related cirrhosis, even after successfully eradicating HCV through DAA therapy [7-10]. By
adding serum bile acid levels to these previously reported factors, the risk of aggravated EGV can be
stratified with higher accuracy. Patients with all four risk factors had a significantly higher risk of
aggravated EGV; thus, strict surveillance by dynamic CT and endoscopic examination is warranted
for such patients. By contrast, no patients with one or none of these risk factors developed aggravated
EGV. These patients seem to have an extremely low risk of aggravated EGV after SVR, suggesting
that surveillance of EGV is not needed for such patients.

5. Conclusions

In conclusion, we found that even among patients who successfully achieved SVR following
DAA therapy, portal hypertension did not immediately improve in patients with compensated liver
cirrhosis, particularly those with at least two of the following risk factors: LGV diameter >5.0 mm,
LSM >18.0 kPa, platelet count <11.0x10%/uL, and total bile acid >33.0 pmol/L. These patients may
require monitoring for aggravated EGV after SVR is achieved.

6. Patents

This section is not mandatory but may be added if there are patents resulting from the work
reported in this manuscript.
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