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Abstract

AIM
To investigate the factors influenced the efficacy of
tolvaptan (TLV) in liver cirrhosis.

METHODS

We retrospectively enrolled 61 consecutive patients
with refractory hepatic ascites. All of them had been
treated with furosemide and spironolactone before
admission, and treated with TLV for 7 d in our hospital.
The effect of TLV was defined by the rate of body
weight loss, and the factors that influenced TLV efficacy
were analyzed using multiple regression.

RESULTS

Coexistent hepatocellular carcinoma (HCC) was the
only significant predictive variable that attenuated the
efficacy of TLV. In stratified analysis, high doses of
furosemide decreased the efficacy of TLV in patients
with HCC, and increased efficacy in those without
HCC. In the latter, a high Child-Pugh-Turcotte score
had a positive influence and a high concentration of
lactate dehydrogenase had a negative influence on the
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effectiveness of TLV.

CONCLUSION

Development of ascites may differ between patients
with liver failure and those with HCC progression. A
sufficient preceding dose of furosemide decreases
diuretic effect of TLV.

Key words: Ascites; Tolvaptan; Furosemide; Cirrhosis;
Hepatocellular carcinoma

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Efficacy of tolvaptan (TLV) for hepatic ascites
has been confirmed but some patients are resistant
to the drug. We investigate influencing factors of the
efficacy of TLV. As a result, coexistent hepatocellular
carcinoma (HCC) was the only significant predictive
variable that attenuated the efficacy of TLV. In
stratified analysis, high doses of furosemide decreased
the efficacy of TLV in patients with HCC, and increased
efficacy in those without HCC. This study suggests that
development of ascites may differ between patients
with liver failure and those with HCC progression. A
sufficient preceding dose of furosemide decreases
diuretic effect of TLV.

Miyazaki M, Yada M, Tanaka K, Senjyu T, Goya T, Motomura
K, Kohjima M, Kato M, Masumoto A, Kotoh K. Efficacy
of tolvaptan for the patients with advanced hepatocellular
carcinoma. World J Gastroenterol 2017; 23(29): 5379-5385
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i29/5379.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
129.5379

INTRODUCTION

Fluid retention such as ascites, edema or pleural
effusion is a major complication of advanced liver
cirrhosis, which results from distortion of hepatic
architecture and increased hepatic vascular tone, and
a subsequent derangement in the extracellular fluid
volume regulatory mechanisms ™.

Tolvaptan (TLV) is a vasopressin V2 receptor
antagonist, which has been accepted as a useful diuretic
for patients with cirrhosis. Hypersecretion of antidiuretic
hormone (ADH) is involved in the development of
hepatic ascites, and inhibition of ADH causes free
water excretion'. Cumulated reports investigating
the influence of TLV on patients with cirrhosis have
demonstrated its effectiveness, although a few
patients are resistant to TLV*®. The renin-angiotensin-
aldosterone (RAA) system, another hormonal re-
gulator of hepatic ascites, is thought to be one of the
main causes of hepatic ascites. Spironolactone, an
inhibitor of aldosterone, combined with furosemide, is

Baishidenge ~ WJG | www.wjgnet.com

recommended as the first-line treatment!>'!, However,
there are also non-responders as well as responders to
TLV!*¥, Those findings indicate that the pathogenesis
of cirrhotic ascites includes multiple hormonal pathways
and the dominant pathway varies among individuals.

Portal hypertension is also involved in the develop-
ment of cirrhotic ascites. Overt ascites is rarely seen if
the post-sinusoidal pressure gradient is < 12 mmHg™¥.
Tumor thrombus in the main portal vein trunk can
cause an abrupt development of ascites. Although
many patients with cirrhosis are complicated by
hepatocellular carcinoma (HCC), studies investigating
the correlation between ascites and HCC have
been rare. Furthermore, scarce investigators payed
attention to the influence of HCC on the effect of TLV.
Suzuki et al'** recently reported the efficacy and safety
of TLV for the patients with advanced HCC, but the
number of the enrolled patients was only 9. A recent
study analyzing the efficacy of TLV has shown that
uncontrolled neoplasm is an independent factor that
negatively affects TLV treatment, but the mechanism
remains to be clarified™.

Excess excretion of free water with TLV carries a risk
of hypernatremia™®, The use of concomitant natriuretic
diuretics such as furosemide or spironolactone is
required to avoid such an adverse reaction. However,
the best plan for the combination of TLV and other
diuretics relating to efficacy and safety has been
rarely examined. It is possible that appropriate use of
concomitant diuretics might reduce the number of non-
responders to TLV.

We have treated patients suffering from refractory
hepatic ascites with TLV regardless of being complicated
with HCC for 5 years. Compared with earlier studies,
the population included a high number of patients with
advanced HCC. In the present study, we retrospectively
investigated the factors that influenced the efficacy of
TLV with multiple regression analysis, to clarify the best
combination of TLV and other diuretics. Richness of
variety of our treated patients might contribute to draw
some useful information.

MATERIALS AND METHODS

Patients
From July 2011 to September 2015, 84 consecutive
patients with refractory hepatic ascites who were
treated with TLV were referred to our hospital. All of
them were hospitalized for = 1 wk to monitor their
serum sodium concentration and body weight (BW).
Although they had been treated with furosemide and/
or spironolactone before admission, only 61 patients
who had received both drugs were enrolled. They
consisted of 36 men and 25 women, ranging in age
from 43 to 91 years. They all underwent computed
tomography on admission, which showed liver cirrhosis
and massive ascites, and 32 had HCC (Table 1).

The daily dose of TLV was determined to be 3.75,
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Figure 1 Comparison of decreased body weight (%) between patients
with and without hepatocellular carcinoma. The diuretic effect of tolvaptan
was significantly higher in patients without hepatocellular carcinoma. HCC:
Hepatocellular carcinoma.

Table 1 Characteristics of the patients with and without

hepatocellular carcinoma

HCC (+) HCC (-) P vaule
n 32 29
Age 71.0+£11.2 61.8+11.3  0.0064
Sex (M/F) 19/13 17/12 0.9523
Decreased BW (kg) 1.68 £3.81 3.43+3.00 0.0130
Decreased BW (%) 2.56 £5.23 536+4.27 0.0127
TLV (3.75/7.5/15 mg/d) 3/24/5 2/22/5 0.9325
Furosemide 8/13/11 8/11/10 0.9671
(£20/20 <, < 40/> 40 mg/d)
Spironolactone 2/8/22 2/10/17 0.6986

(< 25/25<, <50/>50 mg/d)
Portal thrombus (+/-) 8/24 0/29 0.0039

Albumin (g/dL) 2.64 +0.38 2.31+048 0.0045
CPT score 10.7+£2.0 11.1+1.7 0.2357
BUN (mg/dL) 21.3+82 186+10.2 0.1584
Na (mEq/L) 134.1%5.7 134.6 £ 5.4 0.5620
K (mEq/L) 4.02+0.67 3.85+0.55 0.4827
eGFR (mL/min) 58.66+21.78 69.52+40.39 0.8285
LDH (IU/L) 293.8+164.1 259.6+107.2 0.4228
Platelet count (x 10*/pL) 10.87£538  1240+11.35 0.8852
T factor of TNM classification 6/13/13 - -

(T1/T2/T3a and T3b)

CPT score: Child-Pugh-Turcotte score; BW: Body weoght; HCC:
Hepatocellular carcinoma; eGFR: Estimated glemerular filtration rate;
BUN: Blood urea nitrogen; LDH: Lactate dehydrogenase; TLV: Tolvaptan.

7.5, or 15 mg roughly according to the patient’s body
size. TLV was continuously administered for 7 d from
the time of admission, while the preceding furosemide
and spironolactone were concomitantly given without
changing the doses.

This study protocol conformed to the ethical guide-
lines of the 1975 Declaration of Helsinki and was
approved by the ethics committees at our institutions.

Judgment of the efficacy of TLV
The efficacy of TLV was determined using the following
formula: Decreased BW% = (BW before TLV - BW at
day 7)/BW before TLV x 100%.
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Statistical analysis

The individual correlation between the decreased BW%
and the factors that might influence TLV efficacy was
tested by linear regression analysis for consecutive
variables, or by post hoc analysis for categorical
ones. To confirm the predictive factors for the de-
creased BW%, those variables were analyzed using
stepwise multiple regression analysis. The evaluated
factors were the daily dose of TLV, furosemide and
spironolactone, complicating HCC, portal thrombosis in
the main trunks, T factor of TNM classification of Union
for International Cancer Control, Child-Pugh-Turcotte
(CPT) score, serum levels of blood urea nitrogen,
sodium, potassium, and lactate dehydrogenase (LDH),
estimated glomerular filtration rate, and platelet count.
All laboratory data were derived upon admission. If
the samples of consecutive variables did not conform
to a normal distribution, they were transformed into
logistic or Johnson’s Su distribution before application
to regression analysis. In comparison between two
groups, averages of consecutive variables were tested
by Wilcoxon'’s test, and the categorical variables were
tested by Pearson’s ;° test. All statistical analyses were
performed using JMP version 13.0.0 software (SAS
Institute Inc., Cary, NC, United States). In all analysis, a
P value < 0.05 was considered statistically significant.

RESULTS

Analysis of all patients
In evaluating the correlation between decreased BW%
and individual variables, there was no significant
correlation, except for the coexistence of HCC (Figure
1). Stepwise multiple regression analysis showed
that a model with the coexistence of HCC and serum
LDH concentration was significant for predicting the
decrease of BW% (Table 2), but the coefficient of the
latter was not significant (P = 0.0669). Coexistence of
HCC was the only significant predictive factor, which
means that the patients with HCC would be more
resistant to TLV treatment than those without HCC.
The coefficient of determination of this model was
small (R*> = 0.1334), and the result indicated the
possibility that the ascites of the patients with HCC had
a different development mechanism from that of the
patients without HCC. Therefore, a stratified analysis
was subsequently performed dividing the patients into
those with and without HCC.

Analysis of patients with and without HCC
Patients with HCC were younger by about 10 years
than those without HCC, but the other variables did
not differ significantly, except that serum albumin
concentration was higher in the former (Table 1).

The correlations between decreased BW% and
every variable in Table 1 were examined by linear
regression analysis or by post hoc analysis for the
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Figure 2 In patients with hepatocellular carcinoma, serum sodium
concentration before treatment with tolvaptan was positively correlated
with decreased body weight (%), while no significant correlation was seen
in those without hepatocellular carcinoma. HCC: Hepatocellular carcinoma.
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Figure 3 Influence of concomitant furosemide on decreased body weight
(%). Although the difference between each dose category was not significant,
high dose of furosemide attenuated the decreased body weight (%) in patients
with hepatocellular carcinoma (HCC), while the tendency was opposite in those
without HCC.

patients with and without HCC. Only the correlation
between sodium concentration and decreased BW%
in the patients with HCC was significant (Figure 2),
and patients with lower sodium concentration were
resistant to TLV.

Stepwise multiple regression analysis selected
the dose of furosemide and T factor as predictive
factors in patients with HCC, but the coefficient of
the T factor was not significant (P = 0.0629). In
the patients without HCC, the dose of furosemide,
CPT score, and serum LDH concentration were in-
dependent significant predictive factors (Table 2).
Although the dose of furosemide was selected as a
significant predictive factor in both groups, the effect
was opposite. The high dose of furosemide decreased
TLV efficacy in patients with HCC, whereas it improved
efficacy in those without HCC (Figure 3). In contrast,
spironolactone, the other natriuretic diuretic, was not
a predictive factor of TLV efficacy. In comparing the
doses of both natriuretic diuretics, a large amount of
total diuretics was mainly regulated by increasing the
dose of furosemide (Figure 4).

JBaishideng® W]G I WWW.ngnet.COm

120 -
Density of population
100 - Low I High
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Furosemide (mg/d)

Figure 4 Individual doses of furosemide and spironolactone were plotted.
The area of the black-to-white gradation shows the population density. When
the total amount of natriuretic diuretics, it was mainly controlled by the dose of
furosemide.

DISCUSSION

The diuretic efficacy of TLV in patients with cirrhosis
has been confirmed in earlier studies'®. The reported
effective ratio, however, was 36%-63%, and the
prediction of the effectiveness before treatment is
still difficult. The diuretic effect of TLV appears as an
antagonist of ADH, and the heterogeneous efficacy is
thought to be based on various degrees of contribution
of ADH to development of ascites. In this study, we
showed that the response to TLV differed between
patients with and without HCC, which indicates that
ascites develops differently in patients with and
without HCC.

Although the pathogenic factors and signaling
pathways that cause cirrhotic ascites are complex, it is
commonly accepted that two main events trigger the
development of ascites: splanchnic vascular dilatation
caused by vasodilators relating to the progression of
liver failure, and portal hypertension!’*®!, The former
leads to a decrease of systemic circulating blood flow
volume and subsequent reabsorption of sodium by
the RAA system and water by the ADH system (Figure
5B). If patients with HCC have a unique mechanism
for development of ascites, it might be a dominant role
of portal hypertension because it has been established
that HCC progresses with microvascular invasion, even
in its early stage. Pawlik et a/'” analyzed patients
with HCC who underwent liver transplantation, and
revealed that HCC < 3 cm in diameter was already
accompanied by 25% minor vascular invasion, which
reached 63% in HCC > 6.5 cm. Recently, Chen et a/*”
showed that macro- and microvascular invasion were
independent factors relating to the development of
ascites in patients with HCC caused by hepatitis B
virus. These findings indicate that the development of
ascites following HCC progression is mainly caused by
portal hypertension subsequent to vascular invasion.

In our study, stepwise multivariate regression
analysis of patients with HCC selected a high T factor
and a large dose of furosemide as independent factors
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Figure 5 If a sufficient dose of furosemide was administered to patients whose ascites mainly developed mainly because of portal hypertension, such as
in aggressive hepatocellular carcinoma, it decreased serum sodium concentration and subsequently attenuated antidiuretic hormone secretion. In that
condition, the effect of tolvaptan might be limited (A). In contrast, in patients with ascites that developed mainly because of attenuated liver function, hormonal diuretic
systems were activated. A sufficient dose of furosemide reduced the role of the RAA system, and increased that of ADH (B). ADH: Antidiuretic hormone; RAA: Renin-
angiotensin-aldosterone.

Plasma Na Concentration |

Effective circulating blood flow |

ADH secretion | ADH secretion 1

Table 2 Stepwise multiple regression analysis to predict the decreased body weoght (%)

Variables Coefficient 95%Cl F P value
For all patients
HCC (-/+) -1.2734 (-2.4886, -0.0581) 4.3995 0.0403
Ln (LDH) -2.7773 (-5.7547, 0.2000) 3.4866 0.0669
For the patients with HCC
Furosemide (< 40 mg vs > 40 mg/d) -2.0574 (-0.2775, -3.8373) 5.5889 0.0250
T-factor (T1 and T2 vs T3) -1.6036 (-0.0932, 3.3494) 3.7494 0.0629
For the patients without HCC
Furosemide (< 20 mg vs > 20 mg/d) 2.0854 (3.8667, 0.3040) 5.8379 0.0237
CPT score 1.4320 (0.3801, 2.4839) 7.8941 0.0097
Ln (LDH) -6.2691 (-11.0598, -1.4786) 7.2950 0.0125

For all patients: Decreased BW % = 19.3220 - 1.2734 [HCC (-/+)] - 2.7773 [Ln (LDH)], R2 = 0.1334, P = 0.0157, [HCC (-) = -1, HCC (+) = 1]; For the patients
with HCC: Decreased BW% = 1.5085 - 1.9322 (T factor) - 2.3751 (Furosemide), R2 = 0.2570, P = 0.0135, (T1 and T2 = -1, T3 = 1), (Furosemide < 40 mg/d = -1,
Furosemide > 40 mg/d = 1); For the patients without HCC: Decreased BW % = 22.9810 + 2.0854 (Furosemide) + 1.4320 (CPT score) - 6.2691 [Ln (LDH)], R2 =
0.3379, P = 0.0178 (Furosemide < 20 mg/d = -1, Furosemide > 20 mg/d = 1). CPT score: Child-Pugh-Turcotte score; HCC: Hepatocellular carcinoma; LDH:

Lactate dehydrogenase.

that could attenuate the diuretic effect of TLV. Patients
with HCC had a significantly higher level of serum
albumin and were younger by about 10 years than
those without HCC, which indicated that ascites in the
former appeared at an earlier stage of liver cirrhosis.
In many of the patients with HCC, therefore, vascular
invasion and increased portal hypertension might have
triggered the development of ascites. Administration
of a sufficient dose of furosemide in such conditions
should have decreased plasma osmotic pressure and
systemic circulating blood flow volume. As a decline in
plasma osmotic pressure suppresses secretion of ADH,
it is possible that the efficacy of TLV in patients with
such a background would have been limited (Figure
5A). The positive significant correlation between
sodium concentration before treatment with TLV and
decreased BW% seems to support this hypothesis.
Pose et al recently reported that TLV had a
limited effect in patients with cirrhosis and severe
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hyponatremia. Their result has a similar explanation.
Nakagawa et al*” reported the analysis of 40 cirrhotic
patients treated with TLV including 12 with HCC. They
showed that the progression of portal hypertension
attenuated the effect of TLV, but the mechanism was
unclear. A multivariate analysis including the dose of
concomitant natriuretic diuretics and serum sodium
concentration might have been helpful to clarify the
process.

In patients without HCC, a high CPT score and
a large dose of furosemide amplified the efficacy of
TLV, while high serum LDH concentration attenuated
efficacy. High CPT score indicates progression of liver
failure involving an increase in vasodilators, therefore,
the RAA system and ADH should play a greater role
than portal hypertension in the development of ascites.
A sufficient dose of furosemide in that condition
should offset the effect of the RAA system, leading to
an increase in ADH signaling. This speculation might
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explain the positive correlation of CPT score and dose
of furosemide with TLV response. The increase of
serum LDH concentration is thought to reflect the
excessive decrease of systemic circulating blood flow
volume, because transcription of LDH increases in
hypoxic circumstances, The significant LDH increase
indicates an excessive decrease in renal blood flow,
which should reduce the effect of ADH.

The dose of spironolactone was not selected as a
significant parameter in the multiple regression analysis
in contrast to that of furosemide. The difference could
have arisen from the imbalanced use of the drugs.
As shown in Figure 4, the total dose of diuretic drugs
seems to have been controlled mainly by the dose of
furosemide, which was probably based on the desire
to avoid hyperkalemia. In discussing the mechanism
of the combined use of furosemide and spironolactone
with TLV, the important thing is the natriuretic potency
of them. Therefore, at least in this study, the dose
of furosemide should roughly represent the total
natriuretic potency of furosemide and spironolactone.

We believe that the opposite influence of the
concomitant use of furosemide on the efficacy of
TLV is clinically important. Generalizing our results
to patients with hepatic ascites, furosemide should
be given in sufficient dose with TLV to patients with
ascites that is predominantly induced by liver failure.
However, furosemide should be withheld from patients
with ascites that is predominantly caused by portal
hypertension, which includes many of the patients with
advanced HCC-induced ascites. However, the number
of patients in our study was too small to make definite
recommendations, and an additional, larger study is
required.

In conclusion, our results suggest that ascites in
patients with HCC responds less well to TLV compared
with ascites in patients without HCC. The difference
arises from the variant mechanisms of the development
of ascites. Excess use of preceding natriuretic diuretics
might attenuate the diuretic efficacy of TLV. Further
studies including hormonal parameters are required to
establish appropriate combined treatment with TLV and
natriuretic diuretics.
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