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Abstract

Purpose The long-term efficacy of tolvaptan, a vasopressin
V2 receptor antagonist, has been reported. However, the safe-
ty of long-term treatment remains to be fully elucidated. We
assessed the safety profile of tolvaptan with respect to
hypernatremia.

Methods This retrospective study included 371 patients treat-
ed with tolvaptan. Risk factors for hypernatremia (serum so-
dium concentration >147 mEq/L) were determined.

Results Hypernatremia occurred in 95 patients (25.6 %), of
whom 71 (19.1 %) developed hypernatremia within 7 days of
tolvaptan treatment (early onset). Stepwise logistic regression
analysis demonstrated that baseline serum sodium >140 mEq/
L, an initial tolvaptan dosage >7.5 mg, and a BUN/serum
creatinine ratio >20 were independent risk factors for early
onset of hypernatremia. Tolvaptan was prescribed for more
than 7 days to 233 patients, of whom 123 were administrated
tolvaptan for more than 1 month. Hypernatremia occurred in
24 of these patients (10.3 %) (late onset). Predictive factors for
late onset of hypernatremia were an average daily dosage of
tolvaptan >7.5 mg and age >75 years.
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Conclusions A daily dosage of 7.5 mg or less was recom-
mended to prevent hypernatremia in short- as well as long-
term tolvaptan treatment, and mainly elderly patients were at
risk for hypernatremia.
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Introduction

Tolvaptan is an orally active selective vasopressin V2 receptor
antagonist that increases free-water clearance without electro-
lyte secretion [1-3]. Short-term tolvaptan treatment has been
applied to decrease body weight and edema in patients with
heart failure who have insufficient response to other diuretics
[4-6]. While tolvaptan treatment also benefits hyponatremia
patients by increasing serum sodium concentrations [7], it can
lead to hypernatremia, which was reported as a significant
adverse reaction of this drug in heart failure patients in Japan
[8]. However, the evidence regarding the efficacy and safety
of tolvaptan is limited to short-term treatment.

Tolvaptan decreases body weight and improves hepatic
edema in patients with liver cirrhosis who had an insufficient
response to conventional diuretics [9—11]. Moreover, the larg-
est clinical study targeting patients with autosomal dominant
polycystic kidney disease (ADPKD)—the tolvaptan efficacy
and safety in management of autosomal dominant polycystic
kidney disease and its outcomes (TEMPO) 3:4 trial—demon-
strated that 3 years of tolvaptan treatment decreased the rate of
growth in total kidney volume and the speed of kidney func-
tion decline [12]. Thus, tolvaptan was recently approved for
the treatment of liver cirrhosis in Japan and for ADPKD in
Europe, Canada, and Japan. Therefore, we expect that the
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number of patients prescribed tolvaptan will increase for both
short- and long-term use.

The clinical benefits of long-term tolvaptan treatment are
still unclear [13—18]. A large-scale clinical trial—the efficacy
of vasopressin antagonism in heart failure outcome study with
tolvaptan (EVEREST) trial—demonstrated that tolvaptan has
no impact on mortality or morbidity in heart failure patients
with long-term treatment [14], whereas a few studies with a
small sample size indicated its long-term benefit in decreasing
the mortality of heart failure patients [13, 15]. Thus, although
several studies have attempted to evaluate long-term efficacy,
few have focused on the safety profile of long-term tolvaptan
treatment.

We therefore aimed to determine the safety and risk factors
associated with long-term tolvaptan treatment with regard to
hypernatremia.

Methods
Study design and subjects

This single-center, observational study was performed using
clinical data from patients who had received tolvaptan treat-
ment between January 2013 and December 2015 at the
Shizuoka General Hospital. This study was approved by the
ethics committee of the Shizuoka General Hospital. Exclusion
criteria included patients under 18 years of age and those
undergoing dialysis.

Demographic data, including age, sex, height, weight, se-
rum creatinine, serum potassium, serum albumin, and BUN at
the start of treatment, were collected. The dosage of tolvaptan,
concomitant drugs, and serum sodium was recorded during
tolvaptan treatment. Hypernatremia was defined as a serum
sodium concentration >147 mEq/L. The estimated glomerular
filtration rate (eGFR) was calculated using the Japanese
Society of Nephrology formula [19]. Serum sodium was mea-
sured almost every day for at least 7 days following tolvaptan
treatment and every 2-3 days during in-patient treatment. The
out-patients with long-term tolvaptan treatment received
blood tests every 1-2 weeks.

Statistics analysis

Categorical variables are summarized as frequencies and pro-
portions, and continuous variables as the median and inter-
quartile range, as the data were not normally distributed. All
continuous variables were checked for normality using the
Shapiro—Wilk test. In univariate analysis, the chi-squared test
or Fisher’s exact test was used for comparison of categorical
variables. Continuous variables were compared using the
Mann—Whitney U-test. Risk factors associated with
hypernatremia were examined using univariate analysis
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followed by logistic regression analysis with stepwise variable
selection. The covariates with P < 0.20 determined by univar-
iate analysis were included in the stepwise logistic regression
analysis. For logistic regression analysis, continuous variables
were converted into categorical variables according to optimal
cut-off values defined by receiver operating characteristic
(ROC) curve analysis. Logistic regression analysis results
are shown as the odds ratio (OR) with 95 % confidence inter-
val (CI). All analyses were performed using R software (ver-
sion 3.1.0, R Foundation for Statistical Computing). A two-
tailed P < 0.05 was considered to be statistically significant.

Results
Patient characteristics

Patient characteristics are summarized in Table 1. A total of
371 patients who received tolvaptan treatment were included
(median age, 76.7 years; 60.1 % male), and all subjects were
Japanese. The primary target disease for tolvaptan treatment
was heart failure with volume overload (91.1 %). The median
duration of tolvaptan treatment was 13 days, and 33.2 and
18.1 % patients were prescribed tolvaptan for more than 1
and 3 months, respectively. The median initial and average
daily dosage during tolvaptan treatment were both 7.5 mg.
At the point of departure from tolvaptan treatment, 83 patients
(22.3 %) manifested hyponatremia (Na <135 mEq/L), and its
frequency was high in patients with liver cirrhosis (16/33 pa-
tients, 48.5 %).

Emergence of hypernatremia

During tolvaptan treatment, 95 patients (25.6 %) had
hypernatremia (Table 2). Of them, 71 (19.1 %) experi-
enced hypernatremia within 7 days of beginning tolvaptan
treatment. In contrast, hypernatremia occurred beyond
7 days after initiation of tolvaptan treatment in 24 patients
(10.3 %).Thus, we hypothesized that the risk factors for
hypernatremia with tolvaptan treatment differed between
early and late onset of hypernatremia. Among 71 patients
with early onset of hypernatremia, 30 patients (42.3 %)
showed serum sodium >150 mEq/L, 46 patients (64.8 %)
required a dose reduction or withdrawal of tolvaptan, and
11 patients (15.5 %) showed a transient increase of serum
sodium concentration. Correspondingly, among 24 pa-
tients with late onset of hypernatremia, 11 patients
(45.8 %) showed serum sodium >150 mEq/L, 16 patients
(66.7 %) required a dose reduction or withdrawal of
tolvaptan, and 5 patients (20.8 %) showed a transient in-
crease of serum sodium concentration.
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Table 1 Patients characteristics
All patients Heart failure Liver cirrhosis P value
N 371 338 33
Male 223 (60.1) 200 (59.2) 23 (69.7) 0.2386
Female 148 (39.9) 138 (40.8) 10 (30.3)
Age (years) 76.7 (67.3-83.0) 77.6 (68.9-83.6) 67.9 (62.4-72.5) 0.0001
Height (cm) 157 (150-165) 157 (149-165) 162 (156-166) 0.0231
Weight (kg) 57.2 (48.0-66.1) 57.1 (47.9-65.2) 60.9 (49.9-74.2) 0.0520
BMI (kg/m?) 22.7 (20.7-25.3) 22.6 (20.6-25.2) 23.3 (21.3-26.0) 0.3120
LVEF (%) - 51.0 (33.3-61.0) -
Reason for tolvaptan treatment
Heart failure 338 (91.1) - -
Liver cirrhosis 33 (8.9) - -
Laboratory values
Serum creatinine (mg/dL) 1.19 (0.84-1.93) 1.23 (0.85-2.04) 1.02 (0.75-1.36) 0.0197
eGFR (mL/min/1.73 m?) 40.7 (24.1-61.4) 39.9 (23.4-60.5) 55.9 (40.3-69.4) 0.0029
Serum sodium (mEq/L) 139 (135-142) 139 (136-142) 135 (131-138) <0.0001
Serum potassium (mEq/L) 4.1 (3.7-4.6) 4.1 (3.7-4.6) 3.8(3.74.3) 0.1483
Serum albumin (g/dL) 3.0(2.5-34) 3.0(2.5-34) 2.5(2.0-2.7) <0.0001
BUN (mg/dL) 27 (18-43) 27 (19-43) 23 (15-36) 0.1239
BUN/creatinine ratio 21.1 (16.7-28.3) 20.9 (16.5-27.8) 23.3 (17.5-30.7) 0.1240
Tolvaptan treatment
Duration of treatment
<7 days 138 (37.2) 135 (39.9) 309.1) 0.0009
8-30 days 110 (29.6) 93 (27.5) 17 (51.5)
>1 month 123 (33.2) 110 (32.5) 13 (394)
Initial dosage
>15 mg 78 (21.0) 77 (22.8) 1(3.0) <0.0001
7.5 mg 217 (58.5) 202 (59.8) 15 (45.5)
<3.75 mg 76 (20.5) 59 (17.5) 17 (51.5)
Average daily dosage (mg) 7.5 (7.5-11.8) 7.5(7.5-12.4) 6.5 (3.8-7.5) <0.0001
Concomitant drugs
Loop diuretics 326 (87.9) 302 (89.3) 24 (72.7) 0.0104
Intravenous loop diuretics 146 (39.4) 142 (42) 4 (12.1) 0.0008
Carperitide 116 (31.3) 115 (34) 1(3.0) 0.0003
Thiazide diuretics 4 (1.1) 4(1.2) 0 (0.0) 1.0000
Aldosterone antagonist 207 (55.8) 190 (56.2) 17 (51.5) 0.6040
ACEi 26 (7.0) 26 (7.7) 0 (0.0) 0.1497
ARB 99 (26.7) 98 (29) 1(3.0) 0.0013
(3 blocker 151 (40.7) 150 (44.4) 1(3.0) <0.0001

Data are shown as median (interquartile range) or frequency (percentage)

LVEF left ventricular ejection fraction, eGFR estimated glomerular filtration rate, BUN blood urea nitrogen, ACEi
angiotensin-converting enzyme inhibitor, ARB angiotensin II receptor blocker

Risk factors for early onset of hypernatremia

Univariate analysis demonstrated that early onset of
hypernatremia was significantly influenced by serum sodium
concentration (P < 0.0001), the initial dosage of tolvaptan
(P < 0.0001), carperitide use (P = 0.0122), and body mass
index (P = 0.0064) (Table 2). In patients with hypernatremia,

the frequency of liver cirrhosis was significantly low
(P =0.0137) and the BUN/serum creatinine ratio tended to
be higher (P = 0.0713). Stepwise logistic regression analysis
revealed that baseline serum sodium concentration >140 mEq/
L (OR, 5.94; 95 % CI, 3.29-11.21), initial dosage of tolvaptan
>7.5 mg (OR, 3.09; 95 % CI, 1.64-5.83), and BUN/serum
creatinine ratio >20 (OR, 2.39; 95 % CI, 1.33-4.43) were
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Table 2

Univariate analysis for the individual covariates affecting the occurrence of hyperatremia

Early onset (<7 days) of hypernatremia

Late onset (>7 days) of hypernatremia

Na <147 mEq/L Na >147 mEq/L P value Na <147 mEq/L Na >147 mEq/L P value

(N=1300) N=T1) (N=1209) (N=24)
Male 180 (60.0) 43 (60.6) 0.9305 129 (61.7) 14 (58.3) 0.7467
Age (years) 76.9 (67.3-82.5) 74.8 (67.4-84.3) 0.9094 75.2 (65.8-82.5) 78.6 (75.4-83.5) 0.1798
BMI (kg/m?) 22.5(20.6-24.8) 23.9 (21.2-27.6) 0.0064 22.7 (20.4-25.1) 22.4(21.1-24.4) 0.9936
Heart failure 268 (89.3) 70 (98.6) 0.0137 179 (85.6) 24 (100.0) 0.0511
Liver cirrhosis 32 (10.7) 1(1.4) 0.0137 30 (14.4) 0(0.0) 0.0511
eGFR (mL/min/1.73 m?) 40.5 (23.9-60.0) 44.7 (25.3-67.0) 0.2715 38.7 (21.2-59.7) 31.4 (24.0-41.1) 0.2645
Serum sodium (mEqg/L) 138 (134-141) 142 (140-143) <0.0001 138 (134-141) 137 (133-140) 0.3994
Serum potassium (mEq/L) 4.1 (3.7-4.6) 42 (3.7-4.6) 0.6713 4.1 (3.7-4.6) 4.1 (3.7-4.6) 0.6563
Serum albumin (g/dL) 3.0(2.4-34) 3.0 (2.5-3.3) 0.8441 2.9(2.4-3.5) 3.1 (2.4-3.6) 0.5225
BUN (mg/dL) 27 (18-43) 27 (20-39) 0.9220 29 (19-46) 32 (26-47) 0.4295
BUN/creatinine ratio 20.8 (16.4-27.9) 22.6 (18.5-30.7) 0.0713 20.7 (16.1-28.4) 19.3 (15.3-28.9) 0.9363
Initial dosage (mg) 7.5(7.5-7.5) 7.5 (7.5-15.0) <0.0001 7.5 (3.8-7.5) 7.5 (7.5-15.0) 0.3438
Average daily dosage (mg) 7.5 (6.8-11.6) 7.5 (7.5-12.6) 0.0117 7.5 (6.5-13.0) 12.1 (9.1-14.6) 0.0051
Loop diuretics 261 (87.0) 65 (91.5) 0.2910 176 (84.2) 22 (91.7) 0.5454
Intravenous loop diuretics 110 (36.7) 36 (50.7) 0.0295 74 (35.4) 11 (45.8) 0.3149
Carperitide 85(28.3) 31 (43.7) 0.0122 58 (27.8) 9 (37.5) 03176
Aldosterone antagonist 164 (54.7) 43 (60.6) 0.3683 101 (48.3) 14 (58.3) 0.3530
ACEi or ARB 100 (33.3) 21 (29.6) 0.5438 71 (34.0) 7(29.1) 0.6366
{3 blocker 119 (39.7) 32 (45.1) 0.4046 74 (35.4) 10 (41.7) 0.5452

eGFR estimated glomerular filtration rate, BUN blood urea nitrogen, ACEi angiotensin-converting enzyme inhibitor, A RB angiotensin Il receptor blocker

independent risk factors for early onset of hypernatremia
(Table 3).

Risk factors for late onset of hypernatremia

Tolvaptan was prescribed for more than 7 days in 233 patients,
24 (10.3 %) of whom experienced hypernatremia after the first
7 days. Univariate analysis determined that the average daily
dosage of tolvaptan (P = 0.0051), heart failure (P = 0.0511),
and age (P = 0.1798) was positively associated with an in-
creased risk for the occurrence of late hypernatremia (Table 2).
Stepwise logistic regression analysis revealed that an average

daily dosage of tolvaptan >7.5 mg (OR, 4.85; 95 % CI, 1.85-
15.19) and age >75 years (OR, 3.62; 95 % CI, 1.37-11.39)
was independent risk factors for the late onset of
hypernatremia with tolvaptan treatment (Table 3).

Discussion

The present study investigated the incidence of hypernatremia
with tolvaptan treatment, including long-term administration.
Hypernatremia occurred in 95 patients (25.6 %), three-
quarters of whom developed hypernatremia early in treatment

Table 3 Independent risk factors

for hypernatremia with tolvaptan Independent factors OR (95 % CI) P value
Early onset (<7 days) of hypernatremia
Serum sodium >140 mEq/L 5.94 (3.29-11.21) <0.0001
Initial dosage of tolvaptan >7.5 mg 3.09 (1.64-5.83) 0.0004
BUN/creatinine ratio >20 2.39 (1.33-4.43) 0.0043
Late onset (>7 days) of hypernatremia
Average daily dosage of tolvaptan >7.5 mg 4.85 (1.85-15.19) 0.0028
Age >75 years 3.62 (1.37-11.39) 0.0153

OR odds ratio, CI confidential interval
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(within 7 days). Of the patients administered tolvaptan for
more than 7 days, 10.3 % developed hypernatremia in the late
phase of treatment (8 days to over 1 month). These observa-
tions underscore the importance of frequent monitoring of
serum sodium concentrations during both the early and late
phases of tolvaptan treatment. In real-world clinical setting,
physicians regularly monitor electrolytes and attempt to de-
crease the dose or withdraw tolvaptan to avoid increases in
serum sodium concentration >150 mEq/L. Thus, we defined
hypernatremia as a serum sodium concentration >147 mEq/L
in this study. A previous study that used an observation period
of 2 weeks observed that hypernatremia (serum sodium con-
centration >150 mEq/L) occurred in 35 of the 1057 patients
(3.31 %) within 14 days of treatment; most cases occurred
within 3 days of beginning tolvaptan administration [8]. The
safety profile of short-term use of tolvaptan indicated that
hypernatremia frequently emerged in the early phase, similar
to this study. The present study is the first to describe the
safety of long-term tolvaptan treatment regarding
hypernatremia.

The frequency of hypernatremia differed between the
early and late phases of tolvaptan treatment; therefore,
we evaluated the risk factors for hypernatremia accord-
ing to treatment period. The significant independent
factors for early onset of hypernatremia which occurred
within 7 days of tolvaptan administration were serum
sodium concentration >140 mEq/L, an initial dosage of
tolvaptan >7.5 mg, and BUN/serum creatinine ratio
>20. These three factors will be useful for predicting
the occurrence of hypernatremia, especially in the early
phase of tolvaptan treatment. Patients with a higher
baseline serum sodium concentration likely reached
the upper limit of the normal range more readily, even
with a smaller rise in serum sodium. Thus, frequent
electrolyte monitoring is particularly necessary when
tolvaptan is prescribed to patients with a higher base-
line serum sodium level. Attention should also be paid
to the initial dosage. We recommended a lower daily
dosage of 3.75 or 7.5 mg to prevent adverse drug re-
actions. The risk factors for early onset of
hypernatremia indicated by our results are similar to
those previously reported, where serum sodium
>142.0 mEq/L, a starting dosage of tolvaptan of
15 mg/day, and serum potassium <3.8 mEq/L were
suggested to be independent predictive factors for the
occurrence of hypernatremia emerging within 14 days
of tolvaptan treatment [8]. Although we did not ob-
serve a significant difference in baseline serum potassi-
um concentration in univariate analysis, patients with
elevated BUN/serum creatinine ratio were shown to
have a higher risk for hypernatremia with tolvaptan.
An elevated BUN/creatinine ratio is used as a clinical
indicator of intravascular volume depression. Such

hypovolemia is a common condition in hospitalized pa-
tients with hypernatremia [20, 21].

Our analysis of risk factors for the late onset of
hypernatremia showed that an average daily dose of
tolvaptan >7.5 mg was an independent predictive vari-
able for hypernatremia occurring after 7 days of
tolvaptan treatment. The dosage of tolvaptan was dem-
onstrated to influence both early and late onset of
hypernatremia. Single oral doses of tolvaptan at 15—
120 mg have been shown to dose-dependently increase
urine volume and area under the plasma concentration—
time curve (AUC) [22]. A Japanese phase III clinical
study has shown that tolvaptan administrated at 7.5 or
15 mg in combination with furosemide for 7 days in-
creased urine volume and weight loss dose-dependently
in heart failure patients [23]. The efficacy of tolvaptan
might differ between doses of 7.5 and >7.5 mg accord-
ing to the variability of pharmacokinetics; however, the
safety of tolvaptan treatment has been insufficiently
evaluated with respect to prospective and pharmacoki-
netic-pharmacodynamic studies. The pharmacokinetics
of tolvaptan are thought to be associated with renal
function, and increased AUC was observed in patients
with kidney failure [24, 25]. However, our results
showed that eGFR was not associated with the inci-
dence of hypernatremia with tolvaptan.

We also observed that older age (=75 years) was a
risk factor for the late onset of hypernatremia. A previ-
ous study that compared the effectiveness and safety
profiles of tolvaptan between aged patients with those
<80 years reported that the incidence of hypernatremia
occurring within 14 days did not differ significantly
between these patients; however, the incidence of thirst
was significantly lower in aged patients [26]. As in our
study, they observed that age was not associated with
the incidence of hypernatremia in patients during the
early phase of tolvaptan treatment. However, on the late
phase of therapy, aged patients who had a lower thresh-
old for thirst become relatively depleted of fluid inges-
tion, which can lead to hypernatremia.

Conclusion

The present study investigated the risk factors for
hypernatremia with short- and long-term tolvaptan treatment.
When starting tolvaptan treatment, it is important to check the
status of electrolytes and blood volume. A low dose of
tolvaptan is recommended to prevent hypernatremia, regard-
less of the treatment period. Elderly patients, especially those
on long-term tolvaptan treatment, have a higher risk of
hypernatremia.
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