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Abstract

Background
Tolvaptan is the only approved drug for the treatment of autosomal dominant polycystic kidney disease (ADPKD) and causes signi�cant polyuria with
secondary polydipsia. Up to now, there is no study that examines tolvaptan adherence and satisfaction with information about tolvaptan in ADPKD
patients on tolvaptan long-term therapy.

Methods
This non-interventional study includes 12 ADPKD patients that were formerly enrolled in the Tolvaptan E�cacy and Safety in Management of
Autosomal Dominant Polycystic Kidney Disease and Its Outcomes trial (TEMPO 3:4), in the subsequent extension trial (TEMPO 4:4) and have
continued to use tolvaptan thereafter. Data were collected via questionnaires on patients’ self-reported adherence (MARS-D: Medication Adherence
Report Scale - German version) and satisfaction with the information received about tolvaptan (SIMS-D: Satisfaction with Information about
Medicines Scale - German version). In addition, serum creatinine levels and clinical data were collected.

Results
The duration of tolvaptan treatment amounted to 10.2 ± 0.3 years at a daily dosage of 90.0 ± 28.6 mg. The evaluation of MARS-D demonstrated
strong adherence to tolvaptan (range of possible score: 5–25; median: 23.5; range of individual results: 5). The analysis of SIMS-D showed a high
level of satisfaction with the information received about the action and usage of tolvaptan (SIMS-D AU subscore; range of possible score: 0–9;
median: 9, range of individual results: 1), but also revealed clearly measureable dissatisfaction regarding the information received about potential
problems of tolvaptan in 42 % of the patients (SIMS-D PP subscore; range of possible score: 0–8; median: 8, range of individual results: 6). During
treatment with tolvaptan, the mean eGFR decreased from 78.8 ± 15.9 ml/min/1.73 m2 to 48.3 ± 19.4 ml/min/1.73 m2 (P < 0.0001).

Conclusions
Although patients reported strong adherence to tolvaptan, even after 10.2 years of treatment, there was still dissatisfaction with the information
received about potential problems with tolvaptan. Therefore, our data suggest conduction of at least one standardized patient survey on satisfaction
with the information received about potential problems with tolvaptan in order to improve patient education regarding the use of tolvaptan in slowing
ADPKD.

Trial registration:
German Clinical Trials Register; drks.de identi�cation number: DRKS00019856

Background
Autosomal dominant polycystic kidney disease (ADPKD) is the most common inherited renal disorder and the fourth most frequent reason for renal
replacement therapy in the world [1, 2]. It is characterized by the formation and continuous expansion of �uid-�lled cysts in the kidneys, but extrarenal
cysts, intracranial aneurysms, changes in cardiac valves and colonic diverticulosis are also possible. About 85 % of the patients have a mutation in
the PKD1 gene and the majority of the others in the PKD2 gene that code for polycystin-1 and polycystin-2, respectively [3, 4]. The polycystins are
located in the primary cilium, a hair-like sensor being attached to the surface of many mammalian cells including renal collecting duct principal cells
[5]. In ADPKD models, both mutations attenuate ciliary calcium signaling and lead to an upregulation of cyclic adenosine monophosphate (cAMP)
that stimulates proliferation and �uid secretion of the renal cyst tubular epithelial cells [6–8]. Vasopressin signi�cantly increases intracellular cAMP of
renal tubular epithelium in vitro [9] and the vasopressin V2 receptor antagonist OPC31260 (tolvaptan) has been shown to slow the progression of
experimental ADPKD [10–12]. Subsequently, the clinical study program TEMPO (Tolvaptan E�cacy and Safety in Management of Autosomal
Dominant Polycystic Kidney Disease and Its Outcomes) proved the e�cacy and safety of tolvaptan in the treatment of ADPKD patients [13–15]. This
led to the approval of tolvaptan for the treatment of adults at high risk for rapid progression of ADPKD. Considering the ubiquitous tolvaptan-induced
diabetes insipidus renalis as an important side effect during continuous treatment with tolvaptan, patient adherence is strongly challenged but still
required for successful long-term therapy. While a high degree of tolvaptan adherence became previously apparent in TEMPO and in the cohort of
Edwards et al. [14, 16, 17], no study so far speci�cally targeted adherence of ADPKD patients after a decade of taking tolvaptan. The aim of our work
was therefore the examination of tolvaptan adherence and satisfaction with information received about tolvaptan in our cohort of 12 ADPKD patients
with 10 years of tolvaptan treatment. Data were collected via the German versions of the Medication Adherence Report Scale (MARS-D) and the
Satisfaction with Information about Medicines Scale (SIMS-D) [18, 19]. The development of kidney function (assessed by the CKD-EPI eGFR formula),
blood pressure and the incidence of complications related to renal cysts were also evaluated.
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Methods

Design
This is a non-interventional, monocentric observation of long-term tolvaptan treated ADPKD patients using standardized questionnaires to investigate
therapy adherence and satisfaction with information received about tolvaptan. The identi�cation number of the study in the German register of
clinical studies (drks.de) is DRKS00019856 (registered retrospectively at 16/01/2020). Our study was approved by the University of Dresden Ethics
Committee (Bearbeitungsnummer/Processing number: EK 237062017). The investigation conforms to the principles outlined in the Declaration of
Helsinki.

Subjects
From our cohort of tolvaptan-treated ADPKD outpatients, the study enrolled seven males and �ve females who participated in both the TEMPO 3:4 (3-
years, multicenter, randomized, double-blind, placebo-controlled, phase 3 study; ClinicalTrials.gov Identi�er NCT00428948) and the TEMPO 4:4 trial (2-
years, open-label extension study; ClinicalTrials.gov Identi�er NCT01214421) at the Dresden University Hospital. Only patients belonging to the verum
group of TEMPO 3:4 were considered for the present work. Subsequently, all 12 patients received tolvaptan during the open-label evaluation period of
TEMPO 4:4 and continued to receive the study drug until the market launch of tolvaptan in Germany in May 2015. The time period of the TEMPO
studies is hereinafter referred to as the TEMPO period. After a short tolvaptan-free interval, all patients went on to receive tolvaptan as Jinarc®
(Otsuka Pharma GmbH, Frankfurt am Main, Germany) at the same dosage as in the TEMPO studies in the nephrological outpatient clinic of the
University Hospital Dresden. Enrollment into the current study took place after detailed information and written informed consent from the study
participants. The time period between the start of Jinarc® and the time of the current study is hereinafter referred to as the Jinarc® period. During the
Jinarc® period, regular nephrological check-ups took place every three months in the nephrological outpatient clinic of the University Hospital
Dresden. Body weight, blood pressure, medical history and clinical status were recorded. According to the approval regulations of Jinarc®, the liver
function tests were checked in addition to control of creatinine levels at every visit. The demand of a su�cient drinking habit as well as a low salt
consumption was indicated during each consultation and if necessary, the antihypertensive medication was adjusted. All patients received an MRI for
height-adjusted total kidney volume (HtTKV) determination using the Mayo algorithm [20].

Measurements
Patient self-assessment of adherence and satisfaction with information about tolvaptan was carried out using the MARS-D and SIMS-D
questionnaires. Both questionnaires were kindly provided by Professor Rob Horne (© Rob Horne, School of Pharmacy, University College London,
Great Britain) and the Department of General Practice and Health Services Research and Department of Internal Medicine IV, Clinical Pharmacology
and Pharmacoepidemiology, University Hospital Heidelberg, Heidelberg, Germany, and were �lled out by the patients subsequently after enrollment
into the study. The MARS-D [18] is the German version of the MARS (Medication Adherence Report Scale) [21] questionnaire and consists of �ve items
describing non-adherent behavior. Patients were asked to score their own behavior regarding the frequency of the different aspects on the following
response scales: ‘always’, ‘often’, ‘sometimes’, ‘rarely’ and ‘never’. Each item is scored with one (‘always’) to �ve points (‘never’), leading to a sum score
ranging between 5 and 25, a higher score indicating higher adherence to the prescribed tolvaptan therapy. The SIMS-D [19] is the German version of
the SIMS (Satisfaction with Information about Medicines Scale) [22] questionnaire and consists of 17 items. These specify the type of information
that patients need for safe and accurate self-management of medication. Patients were asked to rate the drug information they had received on a 5-
point scale: “too much,” “about right,” “too little,” “none received,” and “none needed.” Responses of the items of the SIMS-D: “too much,” “too little,”
and “none received” are counted zero, “about right” and “none needed” are counted one. The evaluation of items 1 to 9 identi�es satisfaction with
information about “action and usage of medication” (AU subscale, range of possible score: 0–9), evaluation of items 10 to 17 identi�es satisfaction
with information about “potential problems of medication” (PP subscale, range of possible score: 0–8), a higher score indicating higher satisfaction
with the information received about tolvaptan. The kidney function was estimated by the CKD-EPI eGFR formula (CKD-EPI eGFR) expressed as
ml/min/1.73 m2 [23]. During TEMPO 3:4 and TEMPO 4:4, the respective creatinine levels were measured at the Covance Central Laboratory Services-
Geneva, Switzerland. The results of the creatinine measurements were taken from the TEMPO study �les with the permission of Otsuka
Pharmaceutical. The change in eGFR during the TEMPO period was calculated between the end of the tolvaptan dose-escalation period at week 3 of
TEMPO 3:4 and the point of the last creatinine determination in TEMPO 4:4. During the Jinarc® period, the creatinine levels were measured at the
Institute for Clinical Chemistry and Laboratory Medicine at the University Hospital Dresden, Germany. The change in eGFR during the Jinarc® period
was calculated between the time three months after the �rst prescription of Jinarc® and the time of the current study. The change in eGFR over the
entire period of treatment with tolvaptan was calculated between the end of the tolvaptan dose-escalation period at week 3 of TEMPO 3:4 and the
time of the current study. The annual slope of eGFR was calculated for the TEMPO and the Jinarc® period. The difference between the annual slope
of eGFR in the TEMPO and the Jinarc® period was calculated by subtracting the annual slope of eGFR during the TEMPO period from that of the
Jinarc® period. Further clinical data on age, sex, prescribed drugs, arterial blood pressure values and complications related to renal cysts were taken
from the documentation of the nephrological outpatient clinic and the TEMPO study �les with the approval of Otsuka Pharmaceutical. The mean
arterial blood pressure was estimated by doubling the diastolic blood pressure, adding the systolic blood pressure and dividing this composite sum by
three. We were also interested whether blood pressure and number of antihypertensive drugs would change during the TEMPO and Jinarc® period.
Accordingly, the change in mean arterial blood pressure, systolic blood pressure, diastolic blood pressure and the change in the number of
antihypertensive drugs during the TEMPO period was calculated between the end of the tolvaptan dose-escalation period at week 3 of TEMPO 3:4 and
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the point of the last creatinine determination in TEMPO 4:4. The change in mean arterial blood pressure, systolic blood pressure, diastolic blood
pressure and the change in the number of antihypertensive drugs during the Jinarc® period was calculated between the time three months after the
�rst prescription of Jinarc® and the time of the current study.

Statistical analysis
Statistical signi�cance was de�ned as P < 0.05. Descriptive statistics on categorical data are presented with median, maximum, minimum and range
(difference between the largest and smallest value). The sum scores of MARS-D, SIMS-D AU and SIMS-D PP are displayed in frequency diagrams.
Metric data are presented as mean with standard deviation. The change in eGFR during the TEMPO period, the change in eGFR over the entire period
of treatment with tolvaptan, and the change in the annual slope of eGFR between the TEMPO period and the Jinarc® period were analysed using the
paired t-test after checking for normal distribution with the Kolmogorov-Smirnov test. The change in eGFR during the Jinarc® period was analysed
using the Wilcoxon signed-rank test after checking for normal distribution with the Kolmogorov-Smirnov test. The correlations of the difference in the
annual slope of eGFR between the TEMPO and the Jinarc® period with the change in mean arterial, systolic and diastolic blood pressure during the
Jinarc® period were calculated by using the Pearson correlation.

Results
General characteristics of the 12 patients are represented in Table 1. The mean duration of tolvaptan treatment amounted to 10.2 ± 0.3 years. The
mean tolvaptan daily dosage was 90 ± 28.6 mg. The mean change in kidney function over the entire period of treatment with tolvaptan amounted to
-30.5 ± 10.4 ml/min/1.73 m2 (P < 0.0001). During the entire observation period, none of the patients showed aberrant liver function tests potentially
related to tolvaptan. In patient number 9, the blood pressure could not be adjusted appropriately due to multiple drug intolerance and the therapy with
Jinarc® was stopped at the time of the current study due to CKD stage 5. Detailed characteristics of the 12 patients are represented in Table 3.

Adherence to tolvaptan
The MARS-D questionnaire showed a high degree of adherence to tolvaptan with a median count of 23.5 points (range: 5 points). 3 of the 12 patients
(25 %) answered that they never forget the intake of tolvaptan and 9 patients (75 %) that they rarely forget the intake of tolvaptan. 6 patients (50 %)
never suspended the intake of tolvaptan and 6 patients (50 %) rarely suspended the intake of tolvaptan. 8 patients (67 %) never skipped a single dose
of tolvaptan on purpose, 3 patients (25 %) rarely skipped a single dose of tolvaptan on purpose and 1 patient (8 %) sometimes skipped a single dose
of tolvaptan on purpose. 11 patients (92 %) never changed the dosage of tolvaptan and never took less tolvaptan than prescribed whereas 1 patient (8
%) rarely changed the dosage of tolvaptan and rarely took less tolvaptan than prescribed. The descriptive values of the MARS-D are shown in Table 2.
The MARS-D sum score for each patient is shown in Table 3. The distribution of the MARS-D sum score is displayed in Fig. 1a.

Satisfaction with information received about tolvaptan
The evaluation of SIMS-D AU showed a high level of satisfaction with information received about the action and usage of tolvaptan (median sum
score: 9, range: 1). 9 patients (75 %) were completely satis�ed with the information received about the action and usage of tolvaptan (9 points each)
and 3 patients (25 %) had a sum score of 8 points (Fig. 1b). 11 of the 12 patients (92 %) rated the information received on what tolvaptan is called,
what tolvaptan is for, what tolvaptan does, how tolvaptan works, how long tolvaptan will take to act, how to use tolvaptan and how to get a further
supply of tolvaptan as “about right” and 1 patient (8 %) as “none needed”. 8 patients (67 %) rated the information received on how to tell if tolvaptan
works as “about right”, 2 patients (17 %) as “none needed”, 1 patient (8 %) as “too little”, and 1 patient (8 %) as “none received”. 10 patients (83 %)
rated the information received on how long they will need tolvaptan as “about right”, 1 patient (8 %) as “to little”, and 1 patient (8 %) as “none needed”.

The analysis of the SIMS-D PP revealed some dissatisfaction regarding the information received about potential problems with tolvaptan (median
sum score: 8 points, range: 6 points). 7 patients (58 %) were completely satis�ed with the information received about potential problems of tolvaptan
(8 points each) but 5 patients (42 %) had a respective sum score of only 2, 3, 4, 4 and 6 points (Fig. 1c). 10 patients (83 %) rated the information
received on whether tolvaptan has any unwanted side effects and what they should do if they experience unwanted side effects as “about right”, 1
patient (8 %) as “none needed”, and 1 patient (8 %) as “to little”. 10 patients (83 %) rated the information received on what they should do if they forget
to take a dose of tolvaptan as “about right”, 1 patient (8 %) as “none needed”, and 1 patient (8 %) as “to little”. 9 patients (75 %) rated the information
received on whether they can drink alcohol whilst taking tolvaptan as “about right”, 1 patient (8 %) as “none needed”, 1 patient (8 %) as “too little”, and
1 patient (8 %) as “none received”. Only 7 patients (58 %) rated the information received about the risk of getting tolvaptan-related side effects as
“about right”, 1 patient (8 %) as “none needed”, 3 patients (25 %) as “too little”, and 1 patient (8 %) as “none received”. Again, only 7 patients (58 %)
rated the information received on whether tolvaptan interferes with other medicines as “about right”, 1 patient (8 %) as “none needed”, and 4 patients
(33 %) as “too little”. Also, only 7 patients (58 %) rated the information received on whether tolvaptan will make them feel drowsy as “about right”, 1
patient (8 %) as “none needed”, 3 patients (25 %) as “too little”, and 1 patient (8 %) as “none received”. Likewise, only 7 patients (58 %) rated the
information received on whether tolvaptan will affect their sex life as “about right”, 1 patient (8 %) as “none needed”, 2 patients (17 %) as “too little”,
and 2 patients (17 %) as “none received”. The descriptive values of the SIMS-D AU and SIMS-D PP sum scores are shown in Table 2. The SIMS-D AU
and SIMS-D PP sum score for each patient is shown in Table 3.

Change in kidney function during tolvaptan long-term treatment
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Patient number 12 underwent surgical cyst deroo�ng of the liver after the end of TEMPO 4:4 in 2015 and had to spend two weeks in the intensive care
unit due to complications and acute renal failure. This patient (marked as # 12 in Fig. 2) had a 15.5 ml/min/1.73 m2 reduced eGFR after this event
and was therefore excluded from the calculation of the change in eGFR. During the entire treatment with tolvaptan, the mean eGFR of the remaining
11 patients decreased from 78.8 ± 15.9 ml/min/1.73 m2 after the dose-escalation period at week 3 in TEMPO 3:4 to 48.3 ± 19.4 ml/min/1.73 m2 at the
time of the current study (P < 0.0001). There was also a signi�cant decrease of the mean eGFR from week 3 in TEMPO 3:4 to 62.7 ± 17.8 ml/min/1.73
m2 at the end of TEMPO 4:4 (TEMPO peroid, P < 0.0001; Fig. 2a). Three months after the �rst prescription of Jinarc®, the mean eGFR amounted to
61.74 ± 19.3 ml/min/1.73 m2 and decreased also signi�cantly to the time of the current study (Jinarc® period, Fig. 2a, P = 0.001). Patients number 9
and 10 had the worst kidney function at the end of the TEMPO and the Jinarc® period and therefore, were probably in the most progressive stage of
ADPKD (marked with # 9 and # 10 in Fig. 2). Patient number 12 was prescribed Jinarc® in 2016 at a stable general condition and was therefore re-
included for the calculation of the annual slope of eGFR. The mean annual slope of eGFR was − 2.7 ± 1.3 ml/min/1.73 m2 per year during the TEMPO
period and − 4.5 ± 2.6 ml/min/1.73 m2 per year during the Jinarc® period (P = 0.08; Fig. 2b) where patients number 1 to 4 (marked with # 1, # 2, # 3
and # 4 in Fig. 2) experienced a pronounced decrease. In fact, there was a correlation of the difference in the annual slope of eGFR between the
TEMPO and the Jinarc® period with the change in mean arterial (r = 0.60; P = 0.04), systolic (r = 0.72; P = 0.01; Fig. 2c) but not diastolic blood pressure
during the Jinarc® period (r = 0.23; P = 0.47). The respective arterial blood pressure values and total number of anti-hypertensive drugs of each patient
are listed in Table 3.

Urological events during treatment with tolvaptan
7 patients (58 %) reported urological complications since the beginning of TEMPO 3:4. 1 patient (8 %) described a single occasion of �ank pain. 1
patient (8 %) suffered �ank pain during a renal cyst infection. 1 patient (8 %) described three events of �ank pain. 1 patient (8 %) reported two events
of �ank pain and a single episode of macrohematuria. 1 patient (8 %) had �ank pain twice a year and 1 patient (8 %) had �ank pain four times a year.
1 patient (8 %) suffered from weekly �ank pain. The urological events of each patient are shown in Table 3.

Discussion
Although tolvaptan has speci�c side effects and is not primarily essential for survival, a high degree of adherence to tolvaptan therapy became
apparent in the pivotal TEMPO 3:4 and TEMPO 4:4 trials in patients with ADPKD [14, 16]. Therefore, we wanted to examine the adherence and the
satisfaction with information received about tolvaptan in our ADPKD patients with 10 years of tolvaptan treatment. To the best of our knowledge, our
group of 12 ADPKD patients, with a mean tolvaptan treatment duration of 10.2 years, is the largest reported cohort up to now in this regard. The mean
daily dosage of 90 mg tolvaptan corresponded to the average dosage of 95 mg per day in the verum group of TEMPO 3:4 [14] and a median Irazabal-
classi�cation of 1D was indicative for the presence of rapidly progressive ADPKD [20]. People with ADPKD are often highly motivated patients
because they know the scenario of end-stage renal failure from their relatives. Nevertheless, non-adherence in patients usually increases over time of
medication intake with a considerable side effect pro�le and may hereby challenge the long-term treatment effects of tolvaptan. Nevertheless, the
MARS-D sum score of the patients amounted to 23.5 points (maximum possible score: 25 points), thus demonstrating the consistently high degree of
tolvaptan adherence even after 10.2 years of treatment. This result is in line with Edwards et al. who reported on a group of ADPKD patients in whom
only 1 in 39 patients with more than �ve years of tolvaptan treatment (group average tolvaptan treatment period: 7.6 years) discontinued tolvaptan
due to an adverse event [17]. Interestingly, 50 % of the patients stated that they rarely suspend the intake of tolvaptan and one third of the patients
stated that they rarely or sometimes skip a single dose of tolvaptan on purpose. Maybe, this can be partly explained by occasional changes in
patients’ condition such as diarrhea, fever or lack of access to water. Moreover, due to the permanent polyuria and polydipsia, it is understandable to
skip a single dose of tolvaptan on purpose in everyday issues such as important personal or business appointments, shift changes, �ights or long-
distance freeway journeys. Since patients deal with diseases differently, they also need different information about prescribed medications on an
individual basis [22, 24]. Therefore, examination of satisfaction with the information received about tolvaptan could open up the possibility of
adapting this information to the individual needs of ADPKD patients. The evaluation of the SIMS-D AU resulted in an average of 9 points (maximum
possible score: 9 points) with a range of only 1 point, and thus indicated a high level of satisfaction with the information received about the action
and usage of tolvaptan. However, there was a single patient who, even after taking tolvaptan for 10 years, stated that he had not received any
information about how to recognize the effects of tolvaptan. As mentioned above, the provision of information by doctors should aim to meet the
preferences of the individual patient, but of course every patient should receive a certain minimum amount of basic information. In contrast to the
SIMS-D AU, the evaluation of the SIMS-D PP revealed a clearly measureable level of dissatisfaction regarding the information received about potential
problems with tolvaptan in 42 % of the patients. Although the overall score of the SIMS-PP amounted to the maximum possible score of 8 points,
there was a rather big range of 6 points. In fact, one third of the patients were dissatis�ed with the information received about the risk of tolvaptan-
related side effects such as drowsiness, sex life impairment, or potential drug interactions. This result suggests that concerns about tolvaptan-related
side effects are common in ADPKD patients, even after 10 years of tolvaptan treatment. Notwithstanding, a lack of information about side effects is
certainly a missed opportunity to reassure patients, while patients who are concerned anyway may become even more dissatis�ed with their situation.
Recently, Joly et al. reported on baseline results from the ACQUIRE study (ClinicalTrials.gov Identi�er NCT02848521) that collects ADPKD-speci�c
health-related quality of life and treatment satisfaction data in 385 ADPKD patients (45 % of them with tolvaptan treatment) [25]. In ACQUIRE, the
mean “global treatment satisfaction” was scored 58, 68, and 67 for CKD stage 1, 2, and 3 with the abbreviated Treatment Satisfaction Questionnaire
for Medication (TSQM-9, score range: 0 to 100) [26]. However, the TSQM-9 neither examines satisfaction with the medical information received nor
in�uence of drug side effects on treatment satisfaction like the original TSQM [27]. Nevertheless, and in accordance with our results from the SIMS-D
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PP subscale, a “two-thirds rating” of "global treatment satisfaction" indicates the need for improvement in the care of patients with ADPKD. Of course,
the required monthly check intervals after starting tolvaptan for a total of 18 months are very favorable in order to detect possible side effects such as
hypohydration or an increase in hepatic enzymes. But during this period, not only the titration of the maximum tolerated dosage of tolvaptan, but also
a standardized survey of the patients about their satisfaction with tolvaptan and the information received about it should be performed at least once.
As the SIMS takes into account individual differences by eliciting the patients’ own views about the medication information received, it could be used
as a measurement tool in clinical practice to evaluate the individual information needs to facilitate optimal patient satisfaction with tolvaptan [22].
Unexpectedly, the mean annual slope of eGFR accelerated from − 2.7 ± 1.3 ml/min/1.73 m2 per year during the TEMPO period to -4.5 ± 2.6
ml/min/1.73 m2 per year during the Jinarc® period. Recently, Yu et al. have shown that the long-term decline of eGFR in ADPKD patients accelerated
in later life and was associated with the baseline Irazabal-subclass [28]. However, this association was not absolutely constant in our small cohort of
tolvaptan-treated ADPKD patients, and a detailed examination revealed that an acceleration in the annual slope of eGFR could be observed especially
in individuals whose drug therapy for arterial hypertension had to be intensi�ed during the Jinarc® period. For this purpose, the inhibition of the renin-
angiotensin-aldosterone system (RAAS) was primarily maximized, to which these patients probably reacted particularly sensitively and therefore
possibly showed a decrease in eGFR, as has already been reported by Schrier et al. in this context [29]. Accordingly, there was also a signi�cant
correlation of the difference in the annual slope of eGFR between the TEMPO and the Jinarc® period with the change in mean arterial and systolic
blood pressure during the Jinarc® period. In view of the small size of our study population, this effect, which probably only occurred in a few patients,
may nevertheless have led to a bias in the annual slope of eGFR. Considering the mean annual slope of eGFR of -2.72 ml/min/1.73 m2 per year in
TEMPO 3:4 [14] and − 3.14 to -3.26 ml/min/1.73 m2 per year in TEMPO 4:4 [15], the reasons for the poorer course in the mean annual slope of eGFR
during the Jinarc® period were therefore probably the progression of ADPKD and a bias due to the intensi�cation of blood pressure therapy in
individual patients. The small number of patients, the monocentricity, only one examination during the trial and the fact that adherence was self-
reported, are noteworthy limitations of our study. As a self-reported study, there may be differences between the actual behavior of patients and what
they reported in the MARS-D and future adherence-studies in this population may need to combine a self-reported measure with other techniques like
pill counting.

Conclusions
Although the patients reported strong adherence to tolvaptan, even after 10.2 years of treatment, there was clearly measurable dissatisfaction with the
information received about tolvaptan’s side effect pro�le in 42 % of the patients. We therefore conclude that at least one standardized patient survey
on satisfaction with the information received about potential side effects of tolvaptan should be conducted during any tolvaptan treatment in order to
improve patient education regarding the use of tolvaptan in slowing ADPKD. This outcome should encourage further trials to de�ne the role of the
SIMS questionnaire in this context.
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Table 1
General characteristics of the patients

n (race) 12 (caucasian)

Female (%) 5 (41.7)

Mean age in years (SD) 49.8 (6.6)

Mean HtTKV in mL/m (SD) 1023.0 (303.9)

  Mean age at Kidney-MRI in years (SD) 44.4 (6.5)

Median of Irazabal-subclasses * 1D

Prevalence of arterial hypertension in % 100

  Mean age at �rst diagnosis of arterial hypertension in years (SD) 32.6 (9.1)

Mean number of antihypertensive drugs (SD) 2.6 (1.2)

Angiotensin-converting-enzyme inhibitor or -receptor blocker in % 100

Mean tolvaptan daily dosage in mg/d (SD) 90.0 (28.6)

Mean duration of [years (SD)]

  Cumulative tolvaptan therapy 10.2 (0.3)

Tolvaptan therapy in TEMPO 3:4 3.0 (0.0)

Tolvaptan therapy in TEMPO 4:4 3.8 (0.3)

Jinarc® therapy 3.4 (0.2)

Tolvaptan interruption between end of TEMPO 4:4 and �rst prescription of Jinarc® 0.6 (0.2)

HtTKV (height-adjusted total kidney volume), MRI (Magnetic Resonance Imaging), SD (standard deviation), * Irazabal et al. [20].

 

Table 2
Descriptive values of MARS-D and SIMS-D sum scores

Questionnaire (score range) Median Minimum Maximum Range

MARS-D (5–25) 23.5 20 25 5

SIMS-D AU (0–9) 9 8 9 1

PP (0–8) 8 2 8 6

MARS-D: Medication Adherence Report Scale - German version, SIMS-D: Satisfaction with Information about Medicines Scale - German version / AU:
Action and Usage subscale / PP: Potential Problems subscale.
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Table 3
Detailed characteristics of the patients

Patient number 1 2 3 4 5 6 7 8 9 10 11 12

Sex (age at
study in years)

m

(49)

m

(45)

m

(47)

m

(41)

m

(53)

m

(56)

m

(50)

f

(37)

f

(60)

f

(53)

f

(54)

f

(52)

HtTKV in mL/m
at age (years)
with Irazabal-
subclass *

1155
(45)

1D

778
(41)

1C

1155
(43)

1D

1095

(35)

1D

712

(47)

1C

1207

(51)

1C

1309

(45)

1D

1461
(31)

1E

599

(55)

1B

1132

(45)

1D

483

(49)

1B

1192

(46)

1D

Tolvaptan daily
split dosage
(mg/mg)

60/30 90/30 90/30 90/30 45/15 60/30 90/30 45/15 45/15 90/30 45/15 45/15

Duration of (months)

Cumulative
tolvaptan
therapy

119 117 119 129 123 122 126 119 124 121 125 119

TEMPO period 78 79 79 84 81 83 84 80 87 78 84 78

Jinarc® period 41 38 40 45 42 39 42 39 37 43 41 41

Gap between
TEMPO and
Jinarc® period

8 11 10 5 7 7 7 7 8 5 7 9

CKD-EPI eGFR (ml/min/1.73 m2)

Week 3 in
TEMPO 3:4

91.1 76.2 73.2 94.0 79.2 83.5 105.7 84.1 58.2 49.6 72.5 68.6

End of TEMPO
4:4

70.2 66.8 67.2 84.7 68.0 63.8 79.9 71.6 29.0 30.7 57.8 46.0

Month 3 with
Jinarc®

69.0 65.4 67.0 87.7 63.3 59.7 78.8 75.1 26.2 27.0 59.9 30.5

Time of study
with Jinarc®

39.9 46.3 50.3 66.1 57.8 53.4 75.3 60.0 9.9 ‡ 18.7 53.9 21.0

Difference
between week 3
in TEMPO 3:4
and time of
study with
Jinarc®

-51.2 -29.9 -22.9 -27.9 -21.4 -30.1 -30.4 -24.1 -48.3 -30.9 -18.6 -47.6

Annual slope of CKD-EPI eGFR (ml/min/1.73 m2 per year)

TEMPO period -3.5 -1.8 -0.9 -1.3 -1.7 -2.9 -5.1 -1.9 -4.2 -3.0 -2.2 -4.1

Jinarc® period -10.0 -7.2 -5.6 -6.2 -2.0 -2.4 -1.3 -5.3 -5.8 -2.8 -2.0 -3.3

Difference
between TEMPO
period and
Jinarc® period

-6.5 -5.4 -4.7 -4.9 -0.3 0.5 3.8 -3.4 -1.6 0.2 0.2 0.8

Systolic/diastolic arterial blood pressure (mmHg), mean arterial blood pressure (mmHg) and [total number of anti-hypertensive drugs]

Week 3 in
TEMPO 3:4

124/82

96

[2]

126/87

100

[2]

122/86

98

[0]

130/87

101

[1]

145/86

106

[1]

117/76

90

[3]

128/84

99

[1]

123/85

98

[1]

164/87

113

[3]

125/80

95

[2]

122/76

91

[2]

120/70

87

[1]

End of TEMPO
4:4

149/83

105

[3]

142/97

112

[2]

143/90

108

[0]

131/83

99

[1]

138/77

97

[1]

128/78

95

[4]

133/79

97

[1]

122/86

98

[1]

166/78

107

[3]

124/90

101

[2]

122/72

89

[2]

123/77

92

[4]

HtTKV (height-adjusted total kidney volume); * Irazabal et al. [20]; ‡ end of tolvaptan. 
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Patient number 1 2 3 4 5 6 7 8 9 10 11 12

Month 3 with
Jinarc®

154/88

110

[3]

161/93

116

[2]

154/91

112

[0]

148/95

113

[1]

137/78

98

[1]

144/85

105

[4]

131/87

102

[1]

129/91

104

[1]

161/88

112

[3]

125/84

98

[3]

132/80

97

[3]

135/85

102

[3]

Time of study
with Jinarc®

121/79

93

[4]

125/82

96

[3]

134/91

105

[1]

138/94

109

[2]

131/83

99

[2]

137/85

102

[5]

130/80

97

[1]

129/89

102

[1]

167/81

110

[3]

118/84

95

[3]

135/83

100

[3]

134/77

96

[3]

Difference
between week 3
in TEMPO 3:4
and end of
TEMPO 4:4

25/1

9

[1]

16/10

12

[0]

21/4

10

[0]

1/-4

-2

[0]

-7/-9

-9

[0]

11/2

5

[1]

5/-5

-2

[0]

-1/1

0

[0]

2/-9

-6

[0]

-1/10

6

[0]

0/-4

-2

[0]

3/7

5

[3]

Difference
between month
3 with Jinarc®
and time of
study with
Jinarc®

-33/-9

-17

[1]

-36/-11

-20

[1]

-20/0

-7

[1]

-10/-1

-4

[1]

-6/5

1

[1]

-7/0

-3

[1]

-1/-7

-5

[0]

0/-2

-2

[0]

6/-7

-2

[0]

-7/0

-3

[0]

3/3

3

[0]

-1/-8

-6

[0]

Urological events during treatment with tolvaptan

Flank pain 3 0 1 2 0 weekly 0 0 1 0 2 /
year

4 /
year

Macrohematuria 0 0 0 1 0 0 0 0 0 0 0 0

Renal cyst
infection

0 0 0 0 0 0 0 0 1 0 0 0

Sum score of questionnaires (score range)

MARS-D (5–25) 23 24 24 25 20 21 23 24 24 24 22 23

SIMS-D AU (0–
9)

9 9 9 8 9 8 9 9 9 9 9 8

SIMS-D PP (0–
8)

8 8 6 2 8 4 8 8 8 3    

HtTKV (height-adjusted total kidney volume); * Irazabal et al. [20]; ‡ end of tolvaptan. 
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Figure 1

Distribution of the sum scores of the questionnaires. The abscissa scale corresponds to the respective score range. a: MARS-D (Medication Adherence
Report Scale - German version). b: SIMS-D AU (Satisfaction with Information about Medicines Scale, Action and Usage subscale - German version). c:
SIMS-D PP (Satisfaction with Information about Medicines Scale, Potential Problems subscale - German version).



Page 13/13

Figure 2

Change in kidney function during tolvaptan long-term treatment. The numbers correspond to the individual patients. a: Change of eGFR in the TEMPO
period between week 3 after dose-escalation of tolvaptan in TEMPO 3:4 and the end of TEMPO 4:4 (****: P < 0.0001) and in the Jinarc® period
between month 3 with Jinarc® and the time of the current study (***: P = 0.001). b: Annualized eGFR-slope during the TEMPO period and the Jinarc®
period (P = 0.08, NS). c: Pearson correlation of the difference in the annual slope of eGFR between the Tempo and the Jinarc® period with the change
in mean systolic blood pressure (SBP) during the Jinarc® period (r = 0.72; P < 0.01).


