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Background: Tolvaptan is the first effective drug treatment for autosomal dominant polycystic kidney
disease (ADPKD) patients, but few long-term observations of the effects of tolvaptan have been re-
ported.

Methods: In this single center, retrospective cohort study, we investigated nine patients who partici-
pated in a phase 3 trial of tolvaptan for ADPKD patients at our hospital between 2008 and 2014. Six of
the patients discontinued tolvaptan at the end of the clinical trial and were defined as the discontinu-
ation group, and three continued to take it; these were defined as the continuation group. The observa-
tion period was 3 years before and after the end of the tolvaptan trial, and we compared the following
data in each group: serum creatinine, estimated glomerular filtration rate (eGFR), total kidney volume,
serum sodium concentration, and urine specific gravity.

Results: eGFR was significantly improved after the end of the trial in the continuation group (P =
0.0446), but there was no significant change in the regression line before and after the end of the trial in
the discontinuation group. The increases in mean total kidney volume rates over the 3 years before and
after the trial were 0.01%/year vs. 0.067%/year in the discontinuation group (P = 0.0247). On the other
hand, serum sodium concentration and urine specific gravity showed no change during the observation
period.

Conclusion: This study suggested that long-term administration of tolvaptan may improve renal func-
tion and inhibit total kidney volume growth. (J Nippon Med Sch 2022; 89: 287-294)
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Introduction
Autosomal dominant polycystic kidney disease (ADPKD)
is the most commonly inherited renal disease in Japan
and the fourth most common cause of dialysis initiation
in the world'. Prevalence was 137 per 100,000 population
in Japan in 2017, and it is estimated that 1 in 730 to 1,470
Japanese have ADPKD'". Before tolvaptan was intro-
duced in December 14, 2010, revolutionizing the treat-
ment of ADPKD*, there was no effective treatment, and
ADPKD was typically managed with conservative meas-
ures such as antihypertensive therapy with angiotensin-

converting enzyme inhibitors (ACE-I), angiotensin II re-

ceptor blockers (ARB), and dietary therapy to prevent the
progression of renal dysfunction.

There are two possible mechanisms for the adenosine
3’, 5-monophosphate (cAMP)-mediated cyst growth ob-
served in patients with ADPKD’. One is the formation of
a complex in the cilia of the tubules by polycystin 1 and
polycystin 2 (PC1/PC2), with PC2 opening the channel
and causing an influx of Ca into the cell’. The second is
an increase in cAMP concentration mediated by vaso-
pressin V2 receptors, which are located on the basement
membrane of tubular cells and are involved in urine con-

centration. In ADPKD, urine concentration is impaired
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and vasopressin concentration is high in the steady state’,
and it is thought that vasopressin increases cAMP via V2
receptors and G proteins, promoting renal cyst formation.
Tolvaptan, a selective V2 receptor antagonist, is thought
to suppress the production of cAMP, thereby inhibiting
the growth of renal cysts.

Tolvaptan was shown in the global TEMPO 3:4 study’
(reported in 2012) and subsequent phase 3 REPRISE
study® (reported in 2017) to inhibit the progression of re-
nal dysfunction and cyst enlargement, establishing its po-
sition as a standard treatment for ADPKD. However, few
long-term clinical observations of patients with ADPKD
have been reported. At our hospital, we conducted a do-
mestic phase 3 clinical trial of tolvaptan from 2008 to
2014, and we were able to observe the drug’s effects on
patients with ADPKD for an even long period, because
some of them wanted to continue taking it at their own
expense after the trial ended. In this study, we investi-
gated the long-term efficacy of tolvaptan by comparing
the patients who continued treatment after the end of the

trial with those who stopped.

Methods

Participants and Study Design

In this single center, retrospective cohort study, we in-
vestigated nine patients (four men, five women) with
ADPKD who participated in a phase 3 trial of tolvaptan
at our hospital between 2008 and 2014. Three of the pa-
tients continued to take tolvaptan at their own expense
after the end of the clinical trial, and these were defined
as the continuation group; the six patients who discontin-
ued tolvaptan were defined as the discontinuation group.
The observation period was from three years before the
end of the tolvaptan trial to three years after, for a total
of six years. Observations of individual patients were ter-
minated if they had to undergo dialysis.

The following parameters were evaluated in each
group: (1) estimated glomerular filtration rate (eGFR)
(mL/min/1.73 m?), (2) serum creatinine level (mg/dL),
(3) total renal volume, (4) serum sodium concentration
(mEq/L), and (5) urine specific gravity. The test results
compiled during the observation period were collected
retrospectively from the medical records. Blood and urine
tests were performed every month, and the rotating ellip-
soid volume calculation method™® was used to calculate
annual renal volume from MRI images, with the follow-
ing formula used to estimate kidney volume: n/6 x renal
long axis x maximum width orthogonal to the renal long

axis’.
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Statistical Analysis

All laboratory values are presented as means + stan-
dard deviation. Continuous variables were compared
with the unpaired t-test, and Fisher’s exact test was used
for various inter-group comparisons. One-way analysis of
variance (ANOVA) was performed on the longitudinal
data to address its multiplicity. Tukey’s multiple com-
parison test was used as the post-hoc test. P values
< 0.05 were considered statistically significant for all
analyses performed. Regression lines were separately de-
termined for the respective data. All statistical analyses
were performed with Prism® software version 8 (Graph-
Pad Software, La Jolla, CA, USA).
Statement of ethics: The study protocol was approved
by the Ethics Committee of Nippon Medical School Hos-
pital (27-07-465) and designed in accordance with the
Declaration of Helsinki. The study was registered with
the University Hospital Medical Information Network
(UMIN No. 000033968).
Consent: All participants signed written informed con-
sent forms, which included information about the re-
search. Confidentiality of information and anonymity

were also preserved in this study.

Results

Baseline Characteristics of Participants

Table 1 shows the baseline characteristics of the nine
patients at the end of the phase 3 trial. There were no
significant differences between the two groups in BMI,
blood pressure, complications, medications used, renal
function, urine specific gravity, or total renal volume. In
each group, there was one patient who underwent dialy-
sis during the observation period (Table 1).

Renal Function

Figure 1, 2 show the changes in serum creatinine and
eGFR during the observation period in each group. The
regression lines of serum creatinine levels before and af-
ter the end of the study were Y = 0.006480*X + 1.419 (be-
fore) and Y = —0.02272*X + 2.685 (after) in the discon-
tinuation group, and Y = 0.01211*X + 0.9104 and Y =
0.002102*X + 1.543 in the continuation group, with no
significant differences between the pre- and post-trial val-
ues (p = 0.2051 and p = 0.4581, respectively) (Fig. 3). On
the other hand, while the regression lines of eGFR
showed no significant change in the discontinuation
group before and after the end of the study (Y =
—0.0261*X + 46.53, Y = 0.01183*X + 37.31, p = 0.8794),
they showed significant change in the continuation group
(Y= —0.3577*X + 61.64, Y = 0.1561*X + 44.70, p = 0.0446)
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Table 1 Baseline characteristics of patients at the end of the phase 3 trial

Discontinuation group

Continuation group

total, n n=6 =3 P Value
Women, n (%) 4 (66.7) 1(33.3) 0.524
Age (years) 46.5 = 8.09 61.99 +15.25 0.925
BMI (kg/m?) 2492 + 3.69 21.53 +1.86 0.188
Diabetes mellitus, n (%) 0(0) 0(0)
Hypertension, n (%) 4 (66.7) 2 (66.7) >0.9999
Valvular heart disease, n (%) 0(0) 0 (0)
Cerebral aneurysm, n (%) 0(0) 0(0)
CVD, n (%) 1(16.7) 0 (0) >0.9999
RASi, n (%) 4 (66.7) 2 (66.7) >0.9999
Systolic BP (mmHg) 140.2 £ 19.3 125.7 + 6.4 0.257
Diastolic BP (mmHg) 852 +11.1 823+ 1.5 0.683
Heart rate (bpm) 69.8 +6.3 66.0 = 16.8 0.621
AST (U/L) 20.7 +4.4 20.3+9.5 0.942
ALT (U/L) 18.7 £ 6.6 16.7 £7.5 0.694
UA (mg/dL) 5.95+1.91 6.00 + 0.09 0.966
BUN (mg/dL) 19.6 +12.3 19.6 +6.2 0.998
Cre (mg/dL) 1.54 +1.19 1.32 £ 0.61 0.775
Alb (g/dL) 4.21+£0.24 4.23 +0.37 0.938
Na (mEq/L) 1395+ 1.4 139.0+ 1.7 0.649
Cl (mEq/L) 107.5+2.1 105.6 +4.2 0.391
K (mEq/L) 4.10£0.38 440 +0.30 0.285
Ca (mg/dL) 8.60 + 0.40 8.95 + 0.07 0.297
P (mg/dL) 3.36 +0.63 3.80 £ 0.14 0.397
eGFR (mL/ min/1.73 m?) 482 +232 48.0 +16.5 0.992
CRP (mg/dL) 0.056 + 0.025 0.077 + 0.083 0.556
Urine specific gravity 1.0077 + 0.0048 1.0067 + 0.0007 0.809
WBC (/uL) 5,366.7 + 1,093.1 5,066.7 + 763.7 0.687
Hb (g/dL) 12.56 + 1.70 13.13 + 1.65 0.650
PIt (*104/puL) 18.75 + 7.59 25.30 + 6.72 0.248
Kidney volume (cm?3) 1,834.4 + 831.5 1,465.8 + 655.6 0.528
ESRD 1(16.7) 1(33.3) >0.9999

BMI: body mass index, CVD: cardiovascular disease, RASi: renin-angiotensin-aldosterone sys-

tem inhibitor, BP: blood pressure, AST: aspartate aminotransferase, ALT: alanine aminotrans-

ferase, UA: uric acid, BUN: blood urea nitrogen, Cre: creatinine, Alb: albumin, Na: sodium, K:
potassium, Ca: calcium, P: phosphorus, eGFR: estimated glomerular filtration rate, CRP: C-re-
active protein, WBC: white blood cell, Hb: hemoglobin, Plt: platelet, ESRD: end stage renal

disease

(Fig. 4), indicating improvement in eGFR.

Total Kidney Volume

Neither group showed significant change in total kid-
ney volume over the study period (discontinuation
group: from 1,663.7 +/— 6265 (cm’) to 2,1129 +/ -
322.2 (cm’), ANOVA: p = 0.0536; continuation group:
from 1,332.3 +/ — 620.2 (cm®) to 1,430.1 +/ — 896.8 (cm’),
ANOVA: p = 0.3304). However, a significant difference
was observed in the discontinuation group when Tukey’s
multiple comparison test was used as a post-hoc test (—3
vs. 3, p = 0.0247) (Fig. 5).

Serum Sodium Concentration, Urine Specific Gravity

ANOVA was used to assess serum sodium concentra-

J Nippon Med Sch 2022; 89 (3)

tion and urine specific gravity three times in each group:
at the beginning of the observation, at the end of the
trial, and at the end of the observation. Serum sodium
concentration showed a tendency to decrease in the dis-
continuation group, but without statistical significance (p
= 0.0536), and a tendency to increase in the continuation
group, but also without statistical significance (p =
0.3304) (Fig. 6). Nor was any significant change in urine
specific gravity observed in either group (p = 0.5532 in
the discontinuation group, p = 0.7837 in the continuation
group) (Fig. 7).
Adverse Reactions

Although hepatic dysfunction has been cited as an im-
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Fig. 1 Changes in serum creatinine during the observation period

A: discontinuation group, B: Continuation group
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Fig. 2 Changes in eGFR during the observation period

A: discontinuation group, B: Continuation group

eGEFR: estimated glomerular filtration rate

portant adverse effect of tolvaptan, we encountered no
cases that led to dose reduction or discontinuation of the
drug during the observation period. Nor were there any

cases of discontinuation due to other side effects.

Discussion
Renal Function
Tolvaptan was originally used to treat fluid retention
in heart failure, and its effects on renal function have
been demonstrated in the acute” and chronic” phases, as
well as after peritoneal dialysis introduction®”. Its effects

are particularly pronounced in chronic kidney disease
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(CKD) complicated by chronic heart failure™.

The TEMPO 3:4 study, the largest clinical study of its
kind, showed that tolvaptan inhibited the decline of renal
function in patients with ADPKD, and that it improved
serum creatinine levels from the first year of treatment:
the difference in serum creatinine levels between the
tolvaptan and placebo groups was 2.02mg/mL (p <
0.001) at the end of the first year of observation, and
3.68 mg/mL (p < 0.001) at the end of the third year, dem-
onstrating that the effect continued into the third year.
The annual rate of change in eGFR was reported to be

—2.72mL/min/1.73 m* in the tolvaptan group, and

J Nippon Med Sch 2022; 89 (3)
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Fig. 3 Comparison of gradients of the regression lines of serum creatinine levels before and after the end of the

phase 3 trial

A (discontinuation group): Y = 0.006480*X + 1.419 (before), Y = —0.02272*X + 2.685 (after) (p = 0.2051)
B (continuation group): Y = 0.01211*X + 0.9104 (before), Y = 0.002102*X + 1.543 (after) (p = 0.4581)
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Fig. 4 Comparison of gradients of the regression lines of eGFR levels before and after the end of the phase 3 tri-

al

A (discontinuation group): Y = -0.0261*X + 46.53 (before), Y = 0.01183*X + 37.31 (after) (p = 0.8794)
B (continuation group): Y = -0.3577*X + 61.64 (before), Y = 0.1561*X + 44.70 (after) (p = 0.0446)

eGFR: estimated glomerular filtration rate

—3.70 mL/min/1.73 m’® in the placebo group.

In our study, we compared results between patients
who continued taking tolvaptan after the end of our
Phase 3 clinical trial of the drug and those who did not.
In the discontinuation group, there was no worsening of
renal function due to discontinuation, but in the continu-
ation group, there was an improvement in the rate of de-
cline of eGFR in the latter half of the observation period
(p = 0.0446). This could be considered as an effect of
long-term medication, although it is inconsistent with the
TEMPO 3:4 study. On the other hand, there was no sig-

J Nippon Med Sch 2022; 89 (3)

nificant difference in serum creatinine levels, but this
may be due to the large confounding effect of age due to
the small number of patients.

Although long-term observational studies have been
carried out to compare tolvaptan and placebo groups®,
this is the first to investigate patients after they discon-
tinued medication.

Total Kidney Volume

A previous study showed that the annual increase in
renal volume was significantly reduced in patients taking

tolvaptan (2.8% in the tolvaptan group vs. 5.5% in the
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Fig. 5 Overall changes in total kidney volume
A (discontinuation group): Significant according to the re-
sults of one-way ANOVA (p = 0.0536) and Tukey’s multi-
ple comparison testing (-3 vs. 3, p = 0.0247)
B (continuation group): Not significant according to the re-
sults of one-way ANOVA (p = 0.3304)
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Fig. 6 Overall changes in serum sodium concentration
A (discontinuation group): Not significant according to the
results of one-way ANOVA (p = 0.0536)

B (continuation group): Not significant according to the re-
sults of one-way ANOVA (p = 0.3304)

placebo group) after 3 years of follow-up (TEMPO 3:4
study)’. Another showed that the effect of tolvaptan on
cyst growth was strongest in the first year of medication
with tolvaptan and diminished after the second year
(TEMPO 4:4 study)”. In addition, tolvaptan has also been
reported to inhibit cyst growth in patients with advanced
CKD". In our study, the mean rate of renal volume in-
crease in the discontinuation group was 0.01%/year dur-
ing the 3 years of tolvaptan therapy, and 0.067%/year in
the 3 years after discontinuation. No obvious increase

was observed in the continuation group, however, which
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Fig. 7 Overall changes in urine specific gravity
A (discontinuation group): Not significant according to the
results of one-way ANOVA (p = 0.5532)
B (continuation group): Not significant according to the re-
sults of one-way ANOVA (p = 0.7837)

could be attributed to the effect of continued administra-
tion of tolvaptan.

Serum Sodium Concentration, Urine Specific Gravity

Tolvaptan is a novel, orally active, selective non-
peptide antagonist that inhibits arginine vasopressin
from binding to V2 receptors in the distal nephron, in-
ducing the excretion of electrolyte-free water without al-
tering total electrolyte excretion'; it was approved for the
treatment of hyponatremia in the US and Europe in
2009”7, Its use in the treatment of ADPKD, however,
may cause hypernatremia as a side effect: in the TEMPO
3:4 study, the tolvaptan group experienced elevated se-
rum sodium levels of at least 2.5 mmol/L per year, with
4.0% of patients in the tolvaptan group and 1.0% of pa-
tients in the placebo group experiencing elevated levels
of 150 mmol/L or more. In our study, serum sodium
tended to increase with tolvaptan administration. Al-
though we observed no significant difference in serum
sodium levels after tolvaptan discontinuation (possibly
because of the small number of patients in the study),
there was a tendency for serum sodium to decrease and
urine specific gravity to increase.

Limitations

Because this was a single center, retrospective cohort
study, the number of participants was too small to allow
robust statistical analysis, which may have led to various
biases. Further large-scale, prospective studies are re-

quired to confirm our results.

Conclusion

Our study showed that total renal volume was signifi-

J Nippon Med Sch 2022; 89 (3)
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cantly increased after 3 years in patients who discontin-
ued tolvaptan, while the rate of deterioration of renal
function was significantly improved in those who contin-
ued taking the drug, suggesting that long-term admini-

stration of tolvaptan may preserve renal function.

Data Availability: All data generated or analyzed during this

study are available from the corresponding author on request.
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