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Abstract
Background  A recent study demonstrated that tolvaptan slowed estimated glomerular filtration rate (eGFR) decline in later-
stage autosomal dominant polycystic kidney disease (ADPKD) patients. However, Japanese patients were not included in that 
trial, therefore tolvaptan’s efficacy in Japanese patients with advanced chronic kidney disease (CKD) has remained unknown.
Methods  In this prospective cohort study, 54 patients with ADPKD who had eGFR ≥ 15 ml/min/1.73 m2 and total kidney 
volume (TKV) ≥ 750 ml were treated with tolvaptan. The primary endpoint was the change in height-adjusted total kidney 
volume (htTKV) and eGFR after 1-year treatment with tolvaptan. Then, we compared the primary endpoint between later 
CKD stage (baseline eGFR < 45 ml/min/1.73 m2) and earlier CKD stage (baseline eGFR ≥ 45 ml/min/1.73 m2).
Results  The rate of kidney growth during the 1-year treatment did not differ significantly between earlier and later CKD 
stages. The median and interquartile range of relative change in htTKV in later CKD stage was 8.2%/year [4.4, 26.6], as 
compared with 5.7%/year [1.6, 16.4] in earlier CKD stage (p = 0.17). Nor did the rate of eGFR decline between earlier and 
later CKD stages. The relative annual change in eGFR in later CKD stage was − 9.7%/year [− 15.9, − 2.1], as compared with 
− 6.8%/year [− 11.1, 0.1] in earlier CKD stage (p = 0.18).
Conclusion  This analysis indicates that the efficacy of tolvaptan for Japanese patients with later stage ADPKD was not 
significantly different from that of Japanese patients with earlier stage ADPKD.

Keywords  Autosomal dominant polycystic kidney disease · Total kidney volume · Glomerular filtration rate · Chronic 
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Introduction

Autosomal dominant polycystic kidney disease (ADPKD) is 
one of the most common hereditary disorders. It results in 
progressive cystic enlargement that causes decreased kidney 
function and massive nephromegaly, and is the fourth lead-
ing cause of end-stage renal disease in adults worldwide 
[1, 2]. In Japan, more than 30,000 ADPKD patients have 

been diagnosed, accounting for 3–5% of dialysis patients [3]. 
Although dramatic reduction in total kidney volume (TKV) 
and good survival was observed after arterial embolization 
[4, 5], these procedures are limited to patients on dialysis.

In the last 10 years, various clinical interventional trials 
for ADPKD have been published [6]. Tolvaptan—vasopres-
sin V2-receptor antagonists—actually slowed the increase 
in TKV and the decline in kidney function in ADPKD 
patients aged 18–50 years and who had a TKV ≥ 750 ml 
and estimated creatinine clearance ≥ 60 ml/min [7]. How-
ever, since tolvaptan users always encounter polyuria, most 
patients are willing to start tolvaptan use when they become 
symptomatic—with greater TKV or worsened kidney func-
tion [8]. Recently in the Replicating Evidence of Preserved 
Renal Function: an Investigation of Tolvaptan Safety and 
Efficacy in ADPKD (REPRISE) trial, tolvaptan was shown 
to be effective for later-stage ADPKD patients (CKD stage 
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G2 to early stage G4) as well [9]. But most of the enrolled 
patients in the study were of white race, and there were very 
few Asian patients and no Japanese patients. Furthermore, 
plasma arginine vasopressin levels are different between 
races [10], which could lead to racial differences in the 
therapeutic response to the vasopressin receptor antagonist. 
Therefore, a better understanding of the efficacy of tolvap-
tan for Japanese ADPKD patients with later CKD stages 
remains to be established. We herein compared the efficacy 
and safety of tolvaptan for later CKD stage patients, whose 
estimated glomerular filtration rate (eGFR) is less than 
45 ml/min/1.73 m2, with that of earlier CKD stage whose 
eGFR is 45 ml/min/1.73 m2 or greater.

Materials and methods

Patients and study design

In this prospective cohort study, all patients who received 
tolvaptan for the treatment of ADPKD in our facilities from 
June 2014 through December 2015 were included after 
having given informed consent. Eligibility requirements 
included a diagnosis of ADPKD according to Ravine’s 
revised unified diagnostic criteria [11, 12], eGFR > 15 ml/
min/1.73 m2, and a TKV of 750 ml or more as measured 
by magnetic resonance imaging (MRI) or computed tomog-
raphy (CT). The eGFR was calculated by the formula for 
Japanese patients devised by Matsuo et al. [13]. The exclu-
sion criterion was severe liver dysfunction (total biliru-
bin > 2.0 mg/dl). All patients initiated 60 mg of tolvaptan in 
a split-dose regimen with 45 mg in the morning and 15 mg 
in the evening. They were monitored for safety for at least 
3 days, then they continued taking tolvaptan on their own. 
The dose was modified according to patients’ reports of their 
tolerance, with a maximum dose of 120 mg/day.

Patients’ demographic data, which included kidney vol-
ume, were obtained when they first used tolvaptan, then at 
6 months and 12 months. All laboratory data—including 
serum total protein, serum albumin, serum creatinine, aspar-
tate aminotransferase, alanine aminotransferase, and alkaline 
phosphatase—were collected before treatment, at 3 and 5 
days, and 1, 3, 6, and 12 months afterwards. Kidney vol-
umes were calculated by using ellipsoid volume equations 
with three axis measurements, as in our previous studies [14, 
15]. All laboratory values were measured by the automated, 
standardized methods used in our hospital within 24 h after 
drawing blood samples. The primary endpoints of the study 
were change of eGFR and height-adjusted total kidney vol-
ume (htTKV) after 1-year treatment. The secondary end-
points were drug safety and tolerability, which were assessed 
every month throughout the follow-up. Patients were judged 
to tolerate their doses when the final dose of tolvaptan 

was equal to or higher than the initial dose (60 mg/day). 
Side effects predefined in our study included liver enzyme 
elevation (double the normal upper limit), hypernatremia 
(≥ 145 mEq/l), and any known side effects of tolvaptan that 
led to drug discontinuation. The study’s protocol adhered to 
the requirement of STROBE, and was approved by the insti-
tutional review board of Toranomon Hospital, Japan (IRB 
No. 840). This study was registered with the University Hos-
pital Medical Information Network (No. UMIN000013880).

Statistical analyses

Data were summarized using proportions, means with stand-
ard deviation, or median with interquartile range (IQR) as 
appropriate. Categorical variables were analyzed with the 
chi-squared or Fisher’s exact test, and continuous variables 
were compared using Student’s t-test, the Mann–Whitney U 
test, ANOVA, or Kruskal–Wallis test. Changes in eGFR and 
htTKV after 1-year treatment were assessed by both abso-
lute (1-year data minus baseline data) and relative values 
(absolute values divided by baseline). Associations of base-
line renal function with change in htTKV and eGFR were 
assessed by Spearman’s rank correlation test. All analyses 
were performed with R version 3.3.2 (The R Foundation for 
Statistical Computing, Vienna, Austria) and Stata SE version 
14.2 (StataCorp, College Station, Texas, USA).

Results

Patient demographics

From June 2014 to December 2015, 56 patients received 
tolvaptan for the treatment of ADPKD in Toranomon Hos-
pital and Toranomon Hospital Kajigaya (Fig. 1), with one 
patient excluded because he received partial renal tran-
scatheter arterial embolization (TAE) before introduction of 
tolvaptan, while another patient died of subarachnoid hemor-
rhage during the observation period. Thus, 54 patients were 
analyzed for kidney function (of whom 28 patients were 
categorized as earlier CKD stage; 26 patients as later CKD 
stage) although two of them were excluded for kidney vol-
ume analyses because of lack of measurable follow-up MRI 
or CT scans. So, finally, 52 patients were analyzed for total 
kidney volume. Demographic and baseline characteristics 
(Table 1) did not differ in any CKD stages except for htTKV 
(p = 0.004) and eGFR (p < 0.001).

Change in htTKV by CKD stage

We assessed the absolute and relative changes in htTKV at 
1 year in all eligible patients. The median [IQR] value of 
absolute annual change in htTKV was 75 [44, 267] ml/year 
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in later CKD stage, as compared with 36 [8, 136] ml/year 
in earlier CKD stage (p = 0.054). Relative annual change in 
htTKV (%/year) was 8.2 [4.4, 26.6] in later CKD stage, as 
compared with 5.7 [1.6, 16.4] in earlier CKD stage (p = 0.17) 
(Table 2; Fig. 2). Therefore, though there was a trend for 
change of htTKV to be higher in later CKD stage, the dif-
ferences between earlier and later CKD stage were not sig-
nificant in our cohort.

Change in eGFR by CKD stage

Next, we observed the absolute and relative change in eGFR 
at 1 year in our cohort. The median [IQR] absolute annual 
change in eGFR was − 2.8 [− 4.7, − 0.6] ml/min/1.73 m2 in 
later CKD stage, as compared with − 3.3 [− 5.7, 0.0] ml/
min/1.73 m2 in earlier CKD stage (p = 0.64). The relative 
annual change (%/year) from baseline in eGFR was − 9.7 
[− 15.9, − 2.1] in later CKD stage vs. − 6.8 [− 11.1, 0.0] in 
earlier CKD stage (p = 0.18) (Table 2; Fig. 3). Therefore, 
there was no significant difference in annual eGFR changes 
between earlier and later CKD stages.

Correlation between baseline eGFR and primary 
outcome by CKD stage

We analyzed the correlation between the baseline eGFR and 
annual change in eGFR. Baseline eGFR was not significantly 
correlated with either absolute change in eGFR (p = 0.47) or 
relative change in eGFR (p = 0.19) at Spearman’s rank cor-
relation test. These results were consistent with the result of 
the primary endpoint, i.e. no significant difference in eGFR 
change between earlier and later CKD stages.

On the other hand, there was a significant negative cor-
relation between baseline eGFR and absolute annual change 
in htTKV (p = 0.03). This result supports the trend of the 
primary outcome that htTKV change in later CKD stage 
was higher than that of earlier CKD stage, although the 
difference was not significant. At the same time, there was 
no significant correlation between baseline eGFR and rela-
tive change in htTKV (p = 0.17); therefore, the correlation 
between baseline eGFR and htTKV change could not be 
determined.

Fig. 1   Study flowchart. Fifty-six patients received tolvaptan for the 
treatment of ADPKD, with one patient excluded because he received 
partial renal TAE before introduction of tolvaptan. Another patient 
died of subarachnoid hemorrhage during the observation period. 
Thus, 54 patients were analyzed for kidney function, although two of 
them were excluded from the kidney volume analyses because of lack 
of measurable follow-up MRI or CT scans. Finally, 52 patients were 
analyzed for total kidney volume. ADPKD autosomal dominant poly-
cystic kidney disease, TAE transcatheter arterial embolization, MRI 
magnetic resonance imaging, CT computed tomography

Table 1   Baseline patient 
characteristics

Values for categorical variables are given as percentages; values for continuous variables are given as 
medians [IQR] and were tested with the Kruskal–Wallis test
IQR interquartile range, eGFR estimated glomerular filtration range, BP blood pressure, ACEI angiotensin-
converting enzyme inhibitor, ARB angiotensin receptor blocker
*p < 0.05 was considered statistically significant

Total Earlier CKD stage 
(eGFR ≥ 45)

Later CKD stage 
(eGFR < 45)

p

N. patients 54 28 26
Age (years) 48 [43, 54] 46 [43, 49] 50 [43, 58] 0.12
Male sex (%) 64.8 60.7 69.2 0.58
Height (cm) 164 [156, 175] 168 [161, 175] 159 [156, 168] 0.06
Weight (kg) 59.4 [53.1, 68.5] 63.3 [54.8, 72.1] 57.5 [50.8, 65.7] 0.2
eGFR (ml/min/1.73 m2) 45.8 [32.5, 56.8] 56.5 [51.1, 64.8] 31.9 [25.3, 36.9] < 0.001
htTKV (ml) 807 [602, 1074] 684 [562, 846] 1050 [740, 1248] 0.004
Systolic BP (mmHg) 124 [112, 135] 122 [112, 131] 127 [115, 140] 0.18
Diastolic BP (mmHg) 80 [74, 85] 80 [75, 84] 81 [73, 86] 0.74
ACEI or ARB use (%) 74.1 64.3 84.6 0.12
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Drug tolerance and safety

During the follow-up period, 3 patients had to decrease the 
dose of tolvaptan because of a difficulty in drinking enough 
water and 4 patients agreed to increase the tolvaptan dose to 
90 mg/day because they reported tolerance for such a dose 
(Table 3). No patient wanted to increase the tolvaptan dose 
to 120 mg/day during the follow-up period.

Final doses of tolvaptan and the level of drug tolerance 
did not differ between earlier and later CKD stages. Propor-
tion of tolerance in later CKD stage was 92.0%, as com-
pared with 96.3% in earlier CKD stage (p = 0.60) (Table 3). 
Two patients discontinued tolvaptan during the 1-year 
follow-up period. One patient in earlier CKD stage died of 

subarachnoid hemorrhage, and another patient in later CKD 
stage stopped taking tolvaptan when hospitalized due to sub-
arachnoid hemorrhage. The attending physicians reported 
that there was no causal relationship between tolvaptan use 
and the onset of subarachnoid hemorrhage.

Discussion

In this study, we found that the change in eGFR in patients 
with later CKD stage after 1-year treatment was similar to 
that in patients with earlier CKD stage. This finding sug-
gests that even in Japanese ADPKD patients, the treatment 
effect of tolvaptan to slow eGFR decline in later CKD stage 

Table 2   Changes in total kidney 
volume and kidney function 
after 1-year tolvaptan use 
between CKD stages

Values for continuous variables are given as medians and interquartile ranges and were tested with the 
Kruskal–Wallis test
The eGFR and TKV after 1-year treatment were assessed by both absolute (1-year data minus baseline 
data) and relative values (absolute values divided by baseline)
TKV total kidney volume, eGFR estimated glomerular filtration rate

Earlier CKD stage 
(eGFR ≥ 45)

Later CKD stage (eGFR < 45) p

Absolute change of htTKV (ml/year) 36 [8, 136] 75 [44, 267] 0.054
Relative change of ΔhtTKV (%/year) 5.7 [1.6, 16.4] 8.2 [4.4, 26.6] 0.17
Absolute change of eGFR (ml/min/1.73 m2) − 3.3 [− 5.7, 0.0] − 2.8 [− 4.7, − 0.6] 0.64
Relative change of eGFR (%) − 6.8 [− 11.1, 0.1] − 9.7 [− 15.9, − 2.1] 0.18

Fig. 2   Change in height-adjusted total kidney volume (htTKV) after 
1-year tolvaptan use among CKD stages. Changes in htTKV after 
1-year treatment were assessed by both absolute (1-year data minus 
baseline data) and relative values (absolute values divided by base-
line). a Absolute change in htTKV per year. Median [IQR] of abso-

lute annual change (ml/year) in htTKV was 75 [44, 267] in later CKD 
stage vs. 36 [8, 136] in earlier CKD stage (p = 0.054). b Relative 
change in htTKV per year. Relative annual change (%/year) in htTKV 
was 8.2 [4.4, 26.6] in later CKD stage vs. 5.7 [1.6, 16.4] in earlier 
CKD stage (p = 0.17)
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is similar to that of earlier CKD stages, as observed in the 
REPRISE trial. On the other hand, there was a trend for 
an increased growth in htTKV as CKD stage advances, as 
shown by the correlation test between baseline eGFR and 
htTKV growth; thus, further investigation in a larger number 
of patients could lead to a significant difference between 
earlier and later CKD stages in htTKV change. Torres 
et al.’s 1-year trial (REPRISE) reported that administration 
of tolvaptan in patients with later stage ADPKD slowed 
the eGFR decline, and the treatment effect was similar to 
that of early stage ADPKD patients. However, no Japanese 
patients and only a very small number of Asian patients were 

included in that study. In the present study, all patients were 
Japanese, and the change in total kidney volume and eGFR 
after 1-year treatment did not differ significantly between 
earlier and later CKD stage.

This study has some limitations. First, since the study’s 
aim was to clarify the change in eGFR and htTKV—and the 
safety of tolvaptan across CKD stages—this study did not 
have placebo control. So our results cannot directly prove 
the efficacy of tolvaptan in Japanese ADPKD patients with 
advanced CKD. Second, the number of participants is not 
large, which may have led to the risk of false positives. 
Larger studies with longer observation periods would be 

Fig. 3   Change in estimated glomerular filtration rate (eGFR) after 
1-year tolvaptan use among CKD stages. Changes in eGFR after 
1-year treatment were assessed by both absolute (1-year data minus 
baseline data) and relative values (absolute values divided by base-
line). a Absolute change in eGFR per year by CKD stage in our 
cohort. Median [IQR] of absolute annual change (ml/min/1.73  m2) 

in eGFR was − 2.8 [− 4.7, − 0.6] in later CKD stage vs. − 3.3 [− 5.7, 
0.0] in earlier CKD stage (p = 0.64). b Relative change in eGFR com-
pared with the baseline eGFR. The relative annual change (%/year) 
from baseline in eGFR was − 9.7 [− 15.9, − 2.1] in later CKD stage 
vs. − 6.8 [− 11.1, 0.0] in earlier CKD stage (p = 0.18)

Table 3   Dose modification, 
discontinuation, tolerability, 
and final dose in all patients 
and according to earlier vs. later 
CKD stages

Categorical variables were tested with Fisher’s exact test
*Patients were judged to tolerate their doses when the final dose of tolvaptan was equal to or higher than 
the initial dose (60 mg/day)

Total Earlier CKD stage 
(eGFR ≥ 45)

Later SKD stage 
(eGFR < 45)

p

N. dose reductions (≦ 45 mg/day) 3 1 2 0.6
N. dose increases (≥ 90 mg/day) 4 2 2 1.0
N. discontinuations 2 1 1 1.0
Proportion of tolerant patients (%)* 94.2 96.2 92.0 0.60
Final dose of tolvaptan (median) 60 60 60
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necessary to validate our findings. Finally, we calculated 
total kidney volume by using ellipsoid volume equations 
with three axis measurements, a technique that lacks accu-
racy in volume measurement compared with computed 
measurements. However, since kidney volume calculated 
by ellipsoid equations correlates highly with kidney volume 
measured by a 3D workstation, ellipsoid kidney volume is 
still reliable to follow up the relative change in total kidney 
volume [16].

In conclusion, our study suggests that the efficacy of 
tolvaptan for kidney function does not differ significantly 
in Japanese APKD patients between earlier and later CKD 
stages while the beneficial effect of kidney growth is 
more easily observed in those with better renal function. 
This study also highlights the fact that tolvaptan could be 
administered without increased frequency of adverse events 
in patients with reduced renal function. Our findings of a 
potential benefit of tolvaptan in Japanese patients, however, 
should be confirmed by a further, randomized study in Japa-
nese patients.
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