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Background: Tolvaptan reduces height-adjusted total kidney volume (htTKV) and renal function decline in autosomal dominant poly-
cystic kidney disease (ADPKD). This study was aimed at investigating the efficacy and safety of tolvaptan in Korean patients with ADP-
KD during the titration period.

Methods: This study is a multicenter, single-arm, open-label phase 4 study. We enrolled 108 patients with ADPKD (age, 19-50 years)
with an estimated glomerular filtration rate (eGFR) of >30 mL/min/1.73 m> and factors defined as indicative of rapid disease progres-
sion. After tolvaptan titration, we evaluated efficacy and side effects and assessed factors associated with the effects.

Results: After titration for 4 weeks, eGFR and htTKV decreased by 6.4 £ 7.9 mL/min/1.73 m?and 16 * 45 mL/m, respectively. No se-
rious adverse drug reactions were observed during the titration period. The greatest eGFR decline was observed in the first week, with
a starting tolvaptan dose of 45 mg. Multivariate linear regression for htTKV decline showed that the greater the change in urine osmo-
lality (Uosm), the greater the decrease in htTKV (B, 0.436; p = 0.009) in the 1D group stratified by the Mayo Clinic image classification.
Higher baseline eGFR was related to a higher htTKV reduction rate in the 1E group (B, -0.642; p = 0.009).

Conclusion: We observed short-term effects and safety during the tolvaptan titration period. The decline of htTKV can be predicted as
a short-term effect of tolvaptan by observing Uosm changes from baseline to end of titration in 1D and baseline eGFR in 1E groups.

Keywords: Clinical trial phase IV, Polycystic kidney autosomal dominant, Tolvaptan

Received: February 3, 2022; Revised: May 30, 2022; Accepted: May 30, 2022

Correspondence: Hyun Jin Ryu

Department of Internal Medicine, Seoul National University Hospital, 101 Daehak-ro, Jongno-gu, Seoul 03080, Republic of Korea.
E-mail: hdutopia@gmail.com

ORCID: https://orcid.org/0000-0003-2148-4465

Co-correspondence: Yong Chul Kim

Department of Internal Medicine, Seoul National University Hospital, 101 Daehak-ro, Jongno-gu, Seoul 03080, Republic of Korea.
E-mail: imyongkim@gmail.com

ORCID: https://orcid.org/0000-0003-3215-8681

*Hyun Jin Ryu and Yong Chul Kim contributed equally to this study as co-corresponding authors.

Hyuk Huh'’s current affiliation: Department of Internal Medicine, Seoul National University Hospital, Seoul, Republic of Korea; Department of
Internal Medicine, Inje University Busan Paik Hospital, Busan, Republic of Korea

Copyright © 2023 by The Korean Society of Nephrology

@This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial and No Derivatives License (http://
creativecommons.org/licenses/by-nc-nd/4.0/) which permits unrestricted non-commercial use, distribution of the material without any modifications,
and reproduction in any medium, provided the original works properly cited.


https://doi.org/10.23876/j.krcp.22.024

Hubh, et al. Short-term effects of tolvaptan in ADPKD

Introduction

Autosomal dominant polycystic kidney disease (ADPKD) is
the fourth most common cause of end-stage renal disease
worldwide, including Korea [1,2]. The prevalence of ADP-
KD has been estimated to be 1 per 1,000 individuals [3,4].
ADPKD is also the most common genetic disease of the
kidneys, involving the PKDI and PKD2 genes [5]. It affects
the kidney and is associated with extrarenal manifesta-
tions such as liver cysts and intracranial aneurysms [6,7].
In particular, it is characterized by large fluid-filled kidney
cysts caused by increases in arginine vasopressin (AVP)
level, resulting in increased intracellular adenosine cyclic
monophosphate (cAMP) level in the distal tubule and col-
lecting duct [8]. ADPKD progresses to end-stage renal dis-
ease by an average age of 60 years. Sufficient water intake
is recommended to lower urine osmolality (Uosm) to 250
mOSM/kg to inhibit increases in cyst size [9]. Tolvaptan is
a nonpeptide AVP V2 receptor antagonist known to induce
aquaresis by decreasing the concentration of cAMP in the
kidney. It has been used for water management in patients
with chronic heart failure with hyponatremia and water
excretion disorders, such as syndrome of inappropriate an-
tidiuretic hormone [10-12].

Tolvaptan has been used in the management of ADPKD
since the positive results of the phase 3 trial, TEMPO (Tol-
vaptan Efficacy and Safety in Management of Autosomal
Dominant Polycystic Kidney Disease and its Outcomes) 3:4,
were published in 2013. The TEMPO trial included 1,445
patients having ADPKD (age, 18-50 years) with a total
kidney volume (TKV) of 750 mL and estimated creatinine
clearance of 60 mL per minute or more. However, the pro-
portion of Asian patients included in the TEMPO 3:4 trial
was only 12.6%, and the dosage administered to Japanese
participants was lower than the mean dosage for the entire
population but was a higher weight-adjusted dosage [13].
Thus, there could be limitations in applying the results of
the TEMPO 3:4 trial to Asian patients. Additionally, further
considerations are necessary regarding aquaresis-related
adverse effects and hepatotoxicity in Asian populations.
Therefore, we designed this phase 4 study in a sample of
Korean patients with ADPKD to determine the efficacy and
safety of tolvaptan. Furthermore, we evaluated short-term
effects of tolvaptan on renal function and TKV, quality of
life as evaluated using the Pain and Discomfort Scale (PDS)

and Urinary Impact Scale (UIS), and the incidence of ad-
verse events during the titration period.

Methods
Ethical considerations

Informed consent was obtained from each patient at the
time of enrollment. The study was approved by the insti-
tutional review board (IRB) of each participating hospi-
tal (representative hospital IRB No. H-1902-041-1009).
This study was conducted according to the guidelines
of the Declaration of Helsinki. The Clinical Trial registry
name and registration number is ESSENTIAL trial (NCT
03949894).

Study population

Patients aged 19 to 50 years who were diagnosed with ADP-
KD based on the unified criteria for ultrasonography-based
diagnosis of the disease were enrolled [14]. Specifically,
patients with an estimated glomerular filtration rate (eGFR)
of >30 mL/min/1.73 m® and rapid disease progression at
the time of screening were included. Rapid progression
was defined as a Mayo Clinic image classification (MCIC)
of 1C, 1D, or 1E; confirmed presence of a truncating PKDI
mutation; predicting renal outcome in polycystic kidney
disease (PROPKD) score greater than 6 [15]; or rate of de-
crease in eGFR more than 5 mL/min/1.73 m” within 1 year
or 2.5 mL/min/1.73 m® or more per year for 5 years. The
exclusion criteria were hyponatremia or hypernatremia,
severe hepatic impairment, diabetic nephropathy or any
other active glomerulonephritis, a history of hypersensitiv-
ity to benzazepine, contraindication of magnetic resonance
imaging (MRI), anuria, or poor response to thirst.

Study design

This was a multicenter, single-arm, open-label phase 4
study with screening and tolvaptan titration periods of up
to 8 and 4 weeks, respectively. During the titration periods,
patients visited hospitals weekly, and the dose was escalat-
ed according to the following protocol based on subject tol-
erability: 45 mg (30 mg + 15 mg) per day for the first week
and then 60 mg (45 mg + 15 mg) per day, 90 mg (60 mg + 30
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mg) per day, and 120 mg (90 mg + 30 mg) per day at inter-
vals of at least 1 week during the tolvaptan titration period.
During the maintenance period of 48 months, the patients
used the highest tolerated dose among 60 mg (45 mg + 15
mg), 90 mg (60 mg + 30 mg), and 120 mg (90 mg + 30 mg)
per day. Fig. 1 shows the flow chart of patient inclusion and
the entire study design.

Definition of variables and outcomes

The outcomes of this study were changes in renal function,
height-adjusted TKV (htTKV), patient-reported outcomes,
and adverse events during the first 4 weeks of the study,
which was the titration period. The evaluation was per-

Screening (n = 132)

formed at the start (0 day) and the end (4 weeks) of the
tolvaptan titration period. To evaluate changes in renal
function, the serum creatinine level was measured at a
central laboratory using the kinetic colorimetry assay, and
eGFR was calculated using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation. MRI was
performed using a unified protocol. To minimize variabil-
ity due to the multicenter trial design, each investigating
institution designated one MRI scanner and team of tech-
nologists to collect trial data. The technologists completed
training before the start of the trial, and a central image
analysis center qualified all procedures and MRI images
per a standardized MRI protocol, including sequences.
MR images were acquired by the designated technolo-

) 4

Screening failure (n = 14)

A4

Enrolled (n = 118)

v

Excluded from safety set (n = 1)

A4

Safety set (n = 117)

; Did not meet inclusion criteria (n = 1)
Met exclusion criteria (n = 1)
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Enrolled with criteria
(n=115)

\

Discontinued the trial before week 4 (n = 5) i
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Figure 1. Patient inclusion flow chart and study design.

A TKV measurement (screening and 4 wk)
A eGFR, AST/ALT, Na measurement (screening, weekly)

MRI, magnetic resonance imaging; TKYV, total kidney volume; eGFR, estimated glomerular filtration rate; AST, aspartate aminotransfer-

ase; ALT, alanine aminotransferase.

218

www.krcp-ksn.org



Hubh, et al. Short-term effects of tolvaptan in ADPKD

gists following the MRI protocol and de-identified by each
investigating institution. After receiving the deidentified
MRI images, the image analysis center determined wheth-
er the images followed the MRI protocol and measured
TKV centrally [16]. htTKV was defined as TKV divided by
height. Uosm and creatinine were simultaneously mea-
sured at each center. Each patient underwent evaluation
using the PDS and UIS during each week of the tolvaptan
titration period, and the results were compared at the start
(0 day) and the end (4 weeks) of the titration period to as-
sess subjective kidney pain and urinary symptoms [17,18].
The mean prescribed tolvaptan dose was divided by body
weight at each visit. Serum Na level was measured and
liver function tests for aspartate aminotransferase (AST),
alanine aminotransferase (ALT), and total bilirubin were
measured to evaluate treatment-emergent adverse events
(TEAEs). Adverse events were classified as mild, moderate,
or severe. The criteria for classification were as follows:
mild, discomfort without disruption to daily life; moderate,
discomfort that limits or affects daily activities; and severe,
inability to work or perform daily activities.

Statistical analysis

Parametric numerical variables were reported as mean +
standard deviation, and median (interquartile range) val-
ues were reported for nonparametric numerical variables.
Paired t test or Wilcoxon signed-rank test was performed
for comparisons before and after tolvaptan administration.
The Pearson correlation coefficient was applied to deter-
mine the relationships between variables and outcomes.
Multivariate linear regression analysis was used to analyze
factors influencing htTKV. In the linear regression model,
beta (f) was used as a standardized value to correct the
units of the variables. Differences were considered statisti-
cally significant at p < 0.05.

Results

Baseline characteristics

Overall, 108 patients (mean age, 38.6 + 8.5 years) were in-
cluded in the study, and 57.4% were male. The mean body

mass index was 25.2 + 4.2 kg/m’. The mean serum creati-
nine level and eGFRp zp; were 1.15 + 0.4 mg/dL and 80.3 +

27.6 mL/min/1.73 m’, respectively. In total, 33.3%, 34.3%,
and 31.5% of the subjects were classified as 1C, 1D, and 1E,
respectively, according to the MCIC. Stage 3 chronic kid-

Table 1. Baseline characteristics of ESSENTIAL trial participants

Characteristic Data
No. of participants 108
Age (yr) 38.6+85
Male sex 62 (57.4)
Body mass index (kg/m?) 252+ 4.2
Systolic blood pressure (mmHg) 129.4+14.8
Diastolic blood pressure (mmHg) 84.0+114
Hypertension 94 (87.0)
Dyslipidemia 34 (31.5)
Mayo Clinic image classification
1B 1(0.9)
1C 36 (33.3)
1D 37 (34.3)
1E 34 (31.5)
Truncating PKD1 mutation 14 (18)°
PROPKD score, >6 14 (19)°
Annual eGFR decline, 25 33y
Serum creatinine (mg/dL) 1.25+0.4
€GFRyem (ML/Min/1.73 m?) 80.3+27.6
CKD stage
Stage 1 46 (42.6)
Stage 2 31 (28.7)
Stage 3 31 (28.7)
Serum Na (mmol/L) 140.2+ 2.5
Total bilirubin (mg/dL) 0.7+0.3
Aspartate aminotransferase (U/L) 20.3+6.5
Alanine aminotransferase (U/L) 21.7+14.1
Urine osmolality (mOsm/kg) 4359+ 182.3
Maximal dose of tolvaptan (mg) 108.0 £ 16.4
Maximal tolerable dose” (mg/day)
120 67 (62.0)
90 38(35.2)
60 3(2.8)
Actual exposed dose (mg) 73155
Weight-adjusted dose (mg/kg) 1.0+£0.2
Duration of exposure (day) 29.1+23

Data are expressed as number only, mean + standard deviation, or num-

ber (%).

PROPKD, predicting renal outcome in polycystic kidney disease; eGFR,
estimated glomerular filtration rate; CKD-EPI, the Chronic Kidney Disease
Epidemiology Collaboration; CKD, chronic kidney disease.

*The number in parentheses indicates the number of subjects. "The titra-
tion period was temporarily discontinued in two subjects due to adverse
events and maintained at 60 mg and 90 mg, respectively, after resuming
the titration period.
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ney disease (CKD) was noted in 28.7% of the patients; the
average Uosm at screening was 436 + 182 mOsm/kg. After
the titration period, the mean dose was 73.13 + 5.5 mg/day;
and 62.1%, 35.1%, and 2.8% of the patients took 120 mg/
day, 90 mg/day, and 60 mg/day of tolvaptan, respectively
(Table 1). The titration period was temporarily discontin-
ued for two subjects due to adverse events, and the respec-
tive doses were maintained at 60 mg and 90 mg after the
titration period. In subgroups stratified by MCIC, the 1E
group was younger (mean age, 32.7 + 7.6 years; p < 0.001)
and had the largest proportion of male participants (88.2%,
p < 0.001). In addition, the patients in this group were tall-
er (mean height, 1.75 + 0.1 m; p < 0.001), heavier (mean
body weight, 81.3 + 17.3 kg; p < 0.001), and received a lower
weight-adjusted dose (Supplementary Table 1, available
online).

Efficacy and patient-reported outcomes during the titra-
tion period

After the 4-week titration period, eGFR significantly de-
creased by 6.4 + 7.9 mL/min/1.73 m” (p < 0.001) and htTKV
by 16 + 45 mL/m (p < 0.001) (Table 2, Fig. 2). Percentage
changes in htTKV and eGFR did not differ significantly
according to MCIC (Supplementary Table 1, available on-

line). Uosm decreased by 264 + 204 mOsm/kg after 4 weeks
of tolvaptan (p < 0.001).

Regarding PDS, a decrease of 0.5 points or more was
defined as a meaningful decrease; however, there was no
significant decrease after 4 weeks. Regarding UIS, for which
the same criteria were applied, frequency (0.81 points),
urgency (0.74 points), and nocturia (0.60 points) were
significantly increased by tolvaptan (Table 2). During the
titration period, the greatest decline of eGFR (-4.6 + 8.4
mL/min/1.73 m*) was observed during the first week after
starting tolvaptan 45 mg (Fig. 3). There was no significant
difference in the amount of decrease in eGFR after the first
week. This pattern was similar to that associated with CKD
1 progression to CKD 3 when analyzed according to the
CKD stage (Supplementary Fig. 1B, available online). Se-
rum Na level showed the greatest increase in the first week,
with no subsequent significance. Blood pressure did not
change significantly during the entire period.

Associations between variables and outcomes as tolvap-
tan response

In univariate linear regression analysis, for the entire pa-
tient group, the reduction rate of htTKV was predicted by
baseline Uosm (B, -0.005; p = 0.003) and change of Uosm

Table 2. Changes in eGFR, TKV, htTKV, and patient-reported outcomes from baseline

Variable Baseline (V2) 4 Week (VB) Change p-value
eGFR (mL/min/1.73 m?) 80.3 + 27.6 739+26.4 -6.4+£79 <0.001
TKV (mL) 2,070 + 1,108 2,044 + 1,119 -27+78 <0.001
htTKV (mL/m) 1,213 £ 629 1,197 + 635 -16 + 45 <0.001
Urine osmolality (mOsm/kg) 436 + 182 167 + 106 -264 + 204 <0.001
Pain and Discomfort Scale
Dull pain severity 1.66 1.45 -0.21 0.003
Sharp pain severity 1.19 1.24 0.06 0.27
Discomfort severity 1.65 1.74 0.09 0.29
Overall pain severity 1.50 1.48 -0.02 0.62
Dull pain interference 1.31 1.26 -0.05 0.37
Discomfort interference 1.29 1.40 0.10 0.04
Sharp pain interference 1.12 1.23 0.11 0.03
Urinary Impact Scale
Frequency 1.33 214 0.81 <0.001
Urgency 1.27 2.01 0.74 <0.001
Nocturia 1.66 2.26 0.60 <0.001

Data are expressed as mean * standard deviation or points only.

eGFR, estimated glomerular filtration rate; TKV, total kidney volume; htTKYV, height-adjusted TKV; V2, visit 2; V6, visit 6.
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Figure 2. Percentage change in eGFR and htTKV from baseline. (A) Distribution of percent change from baseline in eGFRqp.ep. (B)

Distribution of percent change from baseline in htTKV.
eGFR, estimated glomerular filtration rate; CKD-EPI, the Chronic
total kidney volume.

(B, 0.004; p = 0.02) (Supplementary Table 2, available on-
line). Additionally, baseline Uosm and change of Uosm
after 4 weeks were negatively correlated in the correlation
analysis (1, -0.852; p < 0.001) (Supplementary Fig. 1A, avail-

Kidney Disease Epidemiology Collaboration; htTKV, height-adjusted

able online). In the model adjusted for age, sex, baseline
htTKV, eGFR, change of Uosm, and weight-adjusted dose,
significant regression was not observed. Considering the
heterogeneous characteristics of patients according to
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eGFR, estimated glomerular filtration rate; CKD-EPI, the Chronic Kidney Disease Epidemiology Collaboration.

MCIC (Supplementary Table 1, available online), we per-
formed a subgroup analysis stratified by MCIC. In the sub-
group analysis stratified by MCIC, the htTKV reduction rate
showed a positive relationship with the decline of Uosm
in class 1D (B, 0.436; p = 0.009) in the multivariable linear
regression analysis adjusted for covariates such as age, sex,
baseline eGFR, and baseline htTKV (Table 3, Fig. 4A). In
class 1E, when all the existing variables were applied, the
model did not yield significant results (F, 1.67; p = 0.20);
therefore, backward elimination was performed (Table 4).
Patients with preserved renal function showed a greater
decrease in htTKV in class 1E (B, -0.628; p = 0.007) in the
backward elimination model (F, 2.85; p = 0.03). The htTKV
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reduction rate after 4 weeks and baseline eGFR were neg-
atively correlated in class 1E (Fig. 4B). Although there was
a prominent decline in eGFR during the first week of the
titration period, no correlations were observed in univar-
iate linear regression for factors related to the decline of
renal function during the first week (Supplementary Table
3, available online).

Safety and treatment-emergent adverse events during
the titration period

We analyzed TEAEs in a total of 117 patients enrolled in the
study. No serious adverse drug reactions were observed
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Table 3. Multivariate linear regression analysis between percentage change of htTKV and variables in class 1D°

Univariate Multivariate
Variable Class 1D (n = 38) Model 1° Model 2° Model 3
B p-value pe p-value B® p-value p° p-value

Age 0.050 0.42 0.127 0.66 0.359 0.15 0.359 0.16
Female sex -1.315 0.17 -0.399 0.03 -0.298 0.07 -0.302 0.11
Systolic blood pressure (mmHg) -0.054 0.06 -0.127 0.64 -0.422 0.10 -0.425 0.12
Diastolic blood pressure (mmHg)  -0.066 0.17 -0.434 0.14 -0.155 0.56 -0.15 0.61
Baseline eGFR (mL/min/1.73 m? -0.008 0.64 0.059 0.75 0.11 0.50 0.107 0.54
Baseline htTKV (mL/m) 0.001 0.53 0.219 0.42 0.205 0.38 0.203 0.39
(k)h)ange of urine osmolality (mOsm/  0.006 0.02 NA NA 0.435 0.01 0.436 0.01

g
2/Vegi§rllt—)adjusted dose of tolvaptan 1.992 0.35 NA NA NA NA -0.009 0.98
mg/kg

htTKYV, height-adjusted total kidney volume; eGFR, estimated glomerular filtration rate; NA, not available.
Mayo Clinic image classification. "Adjusted for age, sex, blood pressure, baseline eGFR, baseline htTKV; *model 1 with additional adjustment for change
of urine osmolality; ‘model 2 with additional adjustment for weight-adjusted dose of tolvaptan (adjusted R?, 0.361; F = 3.40 [p = 0.008]; Durbin-Watson,

2.274). “Standardized beta.

Table 4. Multivariate linear regression analysis between percentage change of htTKV and variables in class 1E°

o Multivariate

i Backward elimination S 5 S

Variable Model 1 Model 2 Model 3
B’ p-value B’ p-value 3 p-value B’ p-value

Age -0.136 0.50 -0.228 0.39 -0.257 0.38 -0.374 0.24
Sex (female) -0.546 0.03 -0.385 0.07 -0.494 0.04 -0.648 0.02
Systolic blood pressure (mmHg) NA NA 0.009 0.97 -0.258 0.39 -0.326 0.29
Diastolic blood pressure (mmHg) 0.234 0.18 0.213 0.43 0.389 0.20 0.455 0.14
Baseline eGFR (mL/min/1.73 m?) -0.628 0.007 -0.608 0.02 -0.651 0.01 -0.674 0.01
Baseline htTKV (mL/m) NA NA 0.196 0.43 0.151 0.56 0.165 0.53
Change of urine osmolality (mOsm/kg) NA NA NA NA -0.187 0.37 -0.098 0.65
Weight-adjusted dose of tolvaptan (mg/kg) -0.253 0.22 NA NA NA NA -0.252 0.32

htTKYV, height-adjusted total kidney volume; eGFR, estimated glomerular filtration rate; NA, not available.

®Mayo Clinic image classification. "Backward elimination was adjusted for age, sex, diastolic blood pressure, eGFR, and weight-adjusted dose of tolvaptan
(adjusted R2, 0.219; F = 2.85 [p = 0.03]; Durbin-Watson, 2.049). “Adjusted for age, sex, blood pressure, baseline eGFR, baseline htTKV; “model 1 with
additional adjustment for change of urine osmolality; ‘model 2 with additional adjustment for weight-adjusted dose of tolvaptan. fStandardized beta. 'Stan-

dardized beta.

during the titration period. In cases of liver injury, AST and
ALT levels were elevated in two patients (1.7%) and indi-
cated mild-to-moderate severity in all patients. After main-
taining the tolvaptan dose or temporarily discontinuing
tolvaptan, laboratory abnormalities improved. Aquaresis,
nocturia, polyuria, and urinary frequency were observed in
six (5.1%), 10 (8.5%), and eight cases (6.8%), respectively,
and improved in most cases (Supplementary Table 4, avail-
able online).

Discussion

This study aimed to investigate the short-term efficacy and
safety of tolvaptan and to identify factors that can predict
changes in htTKV during the tolvaptan titration period in
patients with ADPKD. We found that a decrease in TKV be-
gins during the tolvaptan titration period, and the greatest
decrease in eGFR was observed during the first week of ex-
posure to the initial tolvaptan dose (45 mg/day). Although
the decrease in renal function was greatest in the first week
of low-dose exposure to tolvaptan, there was no evidence
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Figure 4. Correlation coefficients between variables and percentage change in htTKV. (A) Decline in urine osmolality (Uosm) is pro-
portional to a decrease in htTKV during the titration period in class 1D of Mayo Clinic image classification (MCIC) (n = 37). (B) Baseline
eGFR is positively related to the htTKV reduction rate in class 1E of MCIC (n = 34).

htTKV, height-adjusted total kidney volume; eGFR, estimated glomerular filtration rate; CKD-EPI, the Chronic Kidney Disease Epidemiol-
ogy Collaboration.

of acidosis or other electrolyte abnormalities requiring tolvaptan prescription. We also found that the short-term
discontinuation of tolvaptan through clinical assessment.  effect of tolvaptan could be predicted through different
This finding may be informative for clinicians considering  factors according to MCIC. We observed that a short-term
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Uosm change was correlated with decline of htTKV as a re-
sponse to tolvaptan. Through subgroup analysis, we found
that patients classified as 1E with a higher baseline eGFR
responded better to tolvaptan. In class 1E, which included
younger patients and a larger proportion of male patients,
initiating treatment before decline in renal function may
be associated with better short-term outcomes in high-risk
groups. In addition, most of the adverse events that oc-
curred during the titration period were of mild-to-moder-
ate severity and improved by maintaining or reducing the
tolvaptan dose.

Since tolvaptan was initially found to inhibit cyst cell
proliferation and cyst growth in ADPKD through in vitro
and animal experiments, many studies have been conduct-
ed in humans [19,20]. Recent studies that demonstrated
the long-term effects of tolvaptan are the TEMPO 3:4 and
the REPRISE (Replicating Evidence of Preserved Renal
Function: an Investigation of Tolvaptan Safety and Efficacy
in ADPKD) trials [21,22]. As a phase 3 trial in 1,445 patients
for 3 years, TEMPO 3:4 indicated that tolvaptan helped to
ameliorate increase in TKV, worsening kidney function,
and ADPKD-related composite events [23]. However, the
proportion of the trial population made up of Asian pa-
tients was small, and there were limitations in the need for
titration due to concerns about aquaresis-related adverse
events and hepatotoxicity. During the titration period, it
is necessary to determine the appropriate tolvaptan dose
and whether there are factors that could predict the treat-
ment response in Asians with ADPKD. Decreases in eGFR
and kidney cyst size were observed in a 2011 study that
reported the effects of tolvaptan administration for 1 week
in 20 patients with ADPKD. While renal blood flow was
preserved, the tolvaptan-induced decline in renal func-
tion was not correlated with baseline renal function [24].
Another study reported that tolvaptan was effective for
increasing fractional free-water clearance even in 27 pa-
tients with decreased kidney function after 3 weeks of ad-
ministration [25]. Previous studies have predicted the long-
term response to tolvaptan through Uosm [26]. A greater
difference in Uosm at baseline and end of titration was
associated with better renal outcomes after 3 years in a post
hoc analysis of the TEMPO 3:4 trial. Uosm was maintained
at 200 to 300 mOsm/kg for 3 years and meant by sustained
accumulating benefit. Our results also showed that Uosm
change correlated with change in htTKV in the short du-

ration of 4 weeks, suggesting its potential as a surrogate
marker for predicting short-term treatment response.
Regarding the dose of tolvaptan, a daily split-dose treat-
ment of 90 to 30 mg is currently used in consideration of
pharmacokinetic results [27,28]. A previous study showed
a positive relationship between weight-adjusted dose and
preservation of renal function in Japanese patients [29)].
An average dose of 1.14 mg/kg per day was administered,
and the follow-up period was 2.52 years. The larger dose
was associated with better renal outcomes. In our study,
the dose of tolvaptan did not significantly affect short-term
outcomes. This finding may be attributable to the differ-
ence in the weight-adjusted dose due to the difference in
weight and height of the patient group according to the
MCIC (1.14 + 0.22 mg in class 1C; 1.03 + 0.23 in class 1D;
and 0.95 + 0.21 in class 1E; p = 0.002). With progression in
the MCIC, there is a possibility that the exposure dose rel-
ative to the actual body weight may decrease in this study
population. In the TEMPO 3:4 trial, the protective effect on
renal function appeared after 1 year, and in the ALADIN
(effect of longacting somatostatin analogue on kidney and
cyst growth in autosomal dominant polycystic kidney dis-
ease) trial, the greater the rate of decrease in renal function
during the first year, the better the renal function after 3
years [30]. This was interpreted to mean that suppression
of kidney compensation could be extended for better long-
term outcomes. Although the observation periods differed,
the pattern of decline in eGFR in the early period of tolvap-
tan exposure in this study was similar to the pattern of re-
nal function change over several years in previous studies.
Further studies of long-term outcomes of the ESSENTIAL
trial are necessary to identify whether a decline in eGFR for
4 weeks would have a protective effect on long-term out-
comes by inhibiting hyperfiltration in functional nephrons.
Furthermore, we found that in 1E patients, the better the
baseline renal function, the higher the htTKV reduction
rate after 4 weeks. Although the difference was not signifi-
cant, the preserved baseline renal function was associated
with a smaller decrease in eGFR. We suggest that tolvaptan
use is necessary before decrease in renal function in cases
with preserved kidney function. It is unclear why the fac-
tors that predict short-term responses to tolvaptan differ
according to MCIC. Depending on the stage of ADPKD,
the pathophysiology of disease may be different. ADPKD
is accompanied by active proliferation of cysts and inflam-
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mation in the parenchymal tissue around cysts in the early
stages. As the disease progresses, interstitial fibrosis devel-
ops around cysts along with a decrease in eGFR [30]. Given
these differences, change in Uosm may be a more valid
surrogate marker in 1D, the early stage of the disease. In
1E, the advanced stage, initiating treatment before paren-
chymal fibrosis progression with eGFR decline may predict
a better response.

Our study has some limitations. The first is that the pro-
tocol recommends the intake of a sufficient amount of
water, but the effect of water intake could not be adjusted
using plasma osmolality [31] and total Uosm could not be
confirmed in the 24-hour urine test. As the time of urine
sampling was variable among patients, it is possible that the
pre- or post-dose regimen may have affected Uosm. In gen-
eral, subjects took tolvaptan at 8 AM and 4 PM, an interval of
8 hours. Allowing modifications of that schedule depending
on the subject’s living and sleep patterns may have led to
intersubject variation. However, the times and intervals for
taking tolvaptan were constant for each subject. Uosm was
relatively constant from 4 hours to 16 hours after tolvaptan
in the pharmacokinetics and pharmacodynamic study of
tolvaptan [28]. The second limitation is that the change of
1.3% in htTKV is close to the range of measurement error in
the ellipsoid method. Mean bias of reproducibility between
observers was 0.9% in the ellipsoid method [32]. However,
a decrease of 1.7% including increased htTKV in this study
could be significant over 4 weeks. The third limitation is
other potential confounding variables. During the study
period, an angiotensin-converting enzyme inhibitor (ACEi)
or angiotensin receptor blocker (ARB) was administered
as a first-line agent in patients with systolic blood pressure
of >130 and/or diastolic blood pressure of >80 mmHg to
maintain the target blood pressure below 130/80 mmHg.
However, medications including ACEis and ARBs could not
be adjusted as covariates. Additionally, further analysis of
long-term outcomes is needed to address the issue of the
tolvaptan dose in ongoing phase 4 trial.

In conclusion, we observed the short-term effects and
safety of tolvaptan during a 4-week titration period. We
found that the greatest decrease in kidney function oc-
curred during the first week of starting 45 mg of tolvaptan.
Short-term effects of tolvaptan could be predicted using
different factors according to the Mayo classification.
Changes in Uosm may predict the decline of htTKV as a
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short-term response in 1D, while preservation of renal
function before progression to parenchymal fibrosis may
be related to better response in 1E, the advanced stage.
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