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Abstract: Background: Autosomal dominant polycystic kidney disease (ADPKD) is a genetic disorder in which patients
progress to end stage chronic kidney disease. Tolvaptan, vasopressin V2 receptor antagonist, has been postulated as an
effective treatment to slow this progression. METHOD: All patients with ADPKD in whom treatment with tolvaptan was
initiated were selected, with follow-up until 30 June 2019. The initial dose was 45/15 mg/day, with monthly titration at 60/30
mg and 90/30 mg. Monthly anthropometric, analytical and adverse effects were collected. RESULT: We present results from of
12 patients (mean age 39.8 +/- 7.3 years; 4 men and 8 women). 100% of the patients were selected to start tolvaptan because
they had evidence of rapidly progressing disease, with a confirmed annual estimated filtration rate (eGFR) decline >5
mL/min/1.73m2 in 1 year, and/or >2.5 mL/min/1.73m2 per year over a period of 5 years. All patients had symptoms derived
from aquaresis from the beginning of treatment. A decline in eGFR was observed in all patients after starting tolvaptan,
dropping 38,8% from its baseline in one patient. In two patients the drug was temporarily discontinued due to hepatotoxicity,
with subsequent recovery. Conclusion: Symptoms derived from aquaresis are very common and it is not known if they can
limit the tolerability of the drug. An initial decline of the eGFR is observed during the follow-up. Close monitoring of liver
function is important because of the potential hepatotoxicity of tolvaptan. More follow-up time is needed to asses the long-term
efficacy and safety of tolvaptan.
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. the 1990s, the genes responsible for ADPKD, PKDI1 and
1. Introduction PKD2, were identified [6-9]. Up to 78% of patients have a
mutation on chromosome 16 (PKDI locus), and in 14% the
mutation is on chromosome 4 (PKD2 locus). The PKD2
mutation produces a less severe phenotype. It is estimated

inhabitants [1-2]. Tt is a disease with a significant social ~ that no mutation is detected in approximately 8% of
impact and is the fourth most frequent cause of chronic end- ~ Patients, while the GANAB7 gene [10], which produces a
stage renal disease (ESRD). ADPKD is associated with ~ milder disease phenotype, is identified in a smaller
other clinical manifestations, such as arterial hypertension ~ Pereentage of patients. The proteins encoded by these genes
(AHT), polycystic liver disease, valvular abnormalities, and alter 1ntrace.11ular. calcium homegstas1s, leading eventually
intracranial aneurysms [3-4]. In recent years, understanding ~ © cell proliferation and generation of cysts [11-12]. The

of the pathophysiology of the disease has advanced [5]. In disease is diagnosed primarily by ultrasound, and a genetic
study is unnecessary if the diagnostic imaging and clinical

Autosomal dominant polycystic kidney disease (ADPKD)
is the most common monogenic kidney disease, with a
prevalence estimated at approximately 1 in every 400-1000
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picture are clear [13-16]. The treatment of ADPKD is based
on the control of cardiovascular risk factors, mainly AHT
[17]. Since we know that activation of vasopressin V2
receptors promotes the generation of cyclic adenosine
monophosphate (cAMP) (and, therefore, cystogenesis),
tolvaptan, a vasopressin V2 receptor antagonist, has been
proposed as a promising treatment in in adult patients with
chronic kidney disease stages 1-4 with evidence of rapidly
progressing disease [18]. The effectiveness of this drug in
delaying disease progression was demonstrated in the
TEMPO 3:4 and TEMPO 4:4 studies [19-21]. Tolvaptan
was approved in Spain in 2017 and is indicated in patients
defined as rapid progressors. These are patients with a
confirmed annual glomerular filtration rate (GFR) reduction
greater than or equal to 5 ml/min/1.73m2 in a year and/or
greater than or equal to 2.5 ml/min/1.73m2 per year for a
period of 5 years, or an increase in total kidney volume
(TKV) of more than 5% per year, as measured by renal
MRI [22-23]. Other criteria of rapid progression to take into
account are kidney length > 16.5 cm measured by
ultrasound in patients younger than 45 years, a truncating
PKDI1 mutation, and early onset of clinical symptoms,
according to a PRO-PKD predictive model score > 6 [24].
Patients who do not meet criteria for rapid progression at
the time of the assessment should be reassessed in 3-5 years
if they have family members who have needed renal
replacement therapy (RRT) before the age of 58 years. As
tolvaptan was approved recently in Spain, -clinical
experience is still limited. The aim of this study was to
investigate the clinical experience of tolvaptan treatment in
rapid progressors.

2. Materials and Methods

All patients with polycystic kidney disease who started
treatment with tolvaptan in the autonomous community of
Cantabria were selected. According to the recommendations
for use of tolvaptan in ADPKD, patients younger than 18
years and older than 50 years were excluded [18]. Moreover,
patients with chronic kidney disease stage 5 were not
candidates to start treatment with tolvaptan. All patients
selected to initiate tolvaptan treatment presented signs of
rapid progression, with a decline in GFR greater than or
equal to 5 ml/min/1.73m2 in 1 year or an annual fall in GFR
greater than or equal to 2.5 ml/min/1.73m2 during 5 years.
No patients were selected to start tolvaptan due to an annual
increase in TKV as measured by MRI, as retrospective renal
MRIs were not available, nor for any other criterion of rapid
progression. All study candidates were evaluated before
starting treatment, and the criteria for contraindication of the
drug were reviewed: increase of transaminases more than §
times the normal value, hypersensitivity, hypovolemia,
hypernatremia, inability to perceive thirst, pregnancy or
breast-feeding. Scenarios in which the drug can be
administered with caution were also reviewed, including:
cirrhosis, dehydration, urinary obstruction in the case of male
patients  (benign prostatic  hypertrophy), electrolyte

imbalance, diabetes mellitus, hyperuricemia, and use of other
drugs that interact with tolvaptan (CYP3A inhibitors). All
patients were monitored on a monthly basis, and after the
18th month of follow-up they were monitored every 3
months. Data were collected until 30 June 2019. The initial
dose was 45 mg + 15 mg per day, with monthly titration to 60
mg + 30 mg and 90 mg + 30 mg. Anthropometric, clinical
laboratory, and blood pressure (BP) data were collected. The
analytical data included, but were not limited to, liver
function tests, serum sodium, and osmolarity in blood and
urine. Any adverse side effects associated with tolvaptan
were recorded. Means and standard deviation (SD) were
calculated using IBM SPSS Statistics 22 software.

3. Results

We report the results of 12 patients (mean age 39.8 +/- 7.3
years; 4 men and 8 women). Mean time of follow-up was
11.3 months (range 1-24). Demographic characteristics of the
study patients are shown in Table 1. The selected patients had
no significant comorbidities, while AHT was diagnosed in all
of them. One of the patients selected to start tolvaptan was
diagnosed with diabetes mellitus type 2. None of the patients
was receiving CYP3A inhibitors, and none presented
cirrhosis or any of the other situations described above in
which caution should be exercised with the use of this drug.
The first patient began treatment on June 2, 2017. Four
patients discontinued tolvaptan, as they were unable to
tolerate aquaretic-related symptoms. One of them
discontinued treatment before completing the ninth month,
another one discontinued before completing the fifth month,
other patient discontinued treatment at the second month, and
another one discontinued it before completing the first month
of follow-up. All patients underwent monthly tolvaptan dose
titration, and all reached the maximum dose of tolvaptan (120
mg split into two doses: 90 mg + 30 mg) by the second
month of follow-up. The second daily dose of tolvaptan was
administered 8 hours after the first dose in all patients, as
indicated by the prescribing information of the drug. Mean
baseline GFR (CKD-EPI) of patients before treatment was
64.3 +/- 17.7 ml/min/1.73m2. Mean clinical laboratory and
anthropometric data are listed in Table 2. All patients
presented a decline in GFR after starting tolvaptan. Renal
function variables during follow-up are shown in Figure 1.
The maximum reduction in GFR was 38.8% compared to
baseline (decline of 21.0 ml/min/1.73m2), observed in 1
patient. The 10 remaining patients had a maximum decline in
GFR from baseline of 17.0, 17.0, 12.0, 11.0, 9.5, 5.0, 4.2, 4.0,
0.0 and 0.0 ml/min/1.73m2 respectively. Patients who were
followed up for longer periods showed a greater recovery of
renal function after the initial decline.

Clinical laboratory monitoring revealed a reduction in
urine osmolality during the months of follow-up. All patients
presented aquaretic-related symptoms (thirst, polyuria,
nocturia, polydipsia) after starting treatment. None of the
patients reported an increase in symptoms after increasing the
dose of the drug. One patient had clinical improvement after
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starting treatment with tolvaptan, with resolution of pain in
the renal fossa caused by the presence of a large cyst. This
same patient showed raised transaminases [aspartate
aminotransferase (AST) and alanine aminotransferase (ALT)]
at month 6 of treatment when receiving doses of tolvaptan of
90 mg + 30 mg, with values up to 8 times the limit of normal
in the case of AST (ALT 179 U/L [2-40], AST 483 U/L [1-
35]). The patient was asymptomatic at all times, with no
jaundice, no right hypochondrial pain, and no other clinical
symptoms. In view of the elevated transaminases, the drug
was discontinued, and a clinical laboratory test performed 72
hours later showed normalization of AST and ALT values.
Following the discontinuation of tolvaptan, the patient began
to report the same symptoms that she presented before
starting treatment, with pain in the left renal fossa. As her
transaminase values had normalized and following the
indications of the prescribing information for the drug,
treatment was restarted, but at lower doses (60 mg + 30 mg).
Weekly clinical laboratory tests were performed, including

monitoring of liver function tests; raised AST and ALT
values were observed 1 week after restarting tolvaptan, but
levels did not exceed 8 times the limit of normal. Since her
transaminases began to rise again, the dose was reduced to 45
mg + 15 mg; the patient was continuing to receive this dose
at the time of submission of this paper. The course of this
patient’s liver function tests is shown in Figure 2. Another
patient showed raised transaminases at month 11 of treatment
with tolvaptan, receiving doses of 90 mg + 30 mg, with
values up to less than 2 times the limit of normal (AST 37
U/L, ALT 56 U/L). The patient was asymptomatic, and the
drug was discontinued. A laboratory test was performed 72
hours later, and the values of AST and ALT had normalized.
Then, tolvaptan was restarted at lower doses (60 mg + 30
mg), and the patient has maintained this dose until the time of
submission of this paper. Elevated AST and ALT were not
observed again in this patient nor in any of the other patients
receiving tolvaptan.

Table 1. Demographic data of the patients who started treatment with tolvaptan. Age (vears): mean and standard deviation (SD). Gender: male (M) / female
(F). Baseline GFR measured by CKD-EPI: mean and SD. Other variables are expressed in absolute number and percentage (%).

N=12

Age (years) 39.847.3
Gender (M/F) 4/8
Baseline GFR (ml/min/m2) 64.3+£17.7
AHT 12 (100%)
Treatment with ACE inhibitors/ ARAII 12 (100%)
Other antihypertensive drugs 6 (50%)
Diabetes mellitus type 2 1(8.3%)
Dyslipidemia 4 (33.3%)
Family history of ADPKD 10 (83.3%)
Intracranial aneurysm 3 (25.0%)
Valvular abnormalities 0 (0.0%)
Liver cysts 10 (83.3%)
Nephritic colic 2 (16.6%)
Kidney cyst infection 2 (16.6%)
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Figure 1. Evolution of renal function during follow-up. Mean plasma creatinine (Cr; mg/dl) and glomerular filtration rate (GFR measured by CKD-EPI;

ml/min /1.73m2) during quarterly follow-up.



38 Covadonga Lopez del Moral Cuesta et al.: Two Year Experience with Tolvaptan in Patients with Rapidly
Progressing Polycystic Kidney Disease

Table 2. Mean analytical and anthropometric valueststandard deviation (SD) during the quarterly follow-up. Na=serum sodium. BOsm=blod osmolarity.
UOsm=urine osmolarity. AST=aspartate aminotransferase. ALT=alanine aminotransferase. SBP=systolic blood pressure. DBP=diastolic blood pressure.

MEAN VALUES Pre-tolvapt An (n=12) month 3 (n=10) MONTH 6 (n=8) MONTH 9 (N=6)
Na mEq/L 140.5+£1.6 141.2+1.9 141.2+1.2 141.1£1.8
BOsm mOsm/kg 302.2+7.3 301.545.5 303.8+4.3 303.0+4.3
UOsm mOsm/kg 540.0+246.6 179.84+62.0 235.2+153.1 255.5+93.6
AST U/L 19.1£5.6 19.545.7 79.6+163.1 21.0£5.0
ALT U/L 17.3+£7.3 15.745.3 40.5£56.5 18.3+£8.9
weight Kg 85.2423.1 81.4+21.3 80.6+£21.8 84.2+20.6
SBP mmHg 130.5£21.3 133.5+8.6 126.8+11.7 128.0+8.0
dbp mmhg 83.6+19.2 85.1+£8.3 82.7+9.8 83.8+7.7
Table 2. Continued.
MEAN VALUES MONTH 12 (N=4) MONTH 15 (N=4) MONTH 18 (N=4) MONTH 21 (N=3) MONTH 24 (N=2)
Na mEq/L 140.2+1.7 141.0£2.9 142.5+0.5 142.0+1.0 144.5+0.7
BOsm mOsm/kg 300.0+4.3 299.04+3.6 299.7+3.9 303.3+4.0 306.0+4.2
UOsm mOsm/kg 234.0+58.1 221.7£52.0 238.7£36.5 246.0+34.7 199.0+8.4
AST U/L 24.7+5.7 20.244.5 19.0+5.4 18.6+3.0 19.5+0.7
ALT U/L 17.0+4.1 15.0£2.4 15.0+4.6 14.0£2.0 21.5£14.8
weight Kg 72.1+£8.3 71.4+8.1 72.8+9.1 72.7£12.0 80.2+6.0
SBP mmHg 126.7+14.8 125.5+13.2 127.246.2 129.3£16.8 129.0+1.4
dbp mmhg 74.7£11.1 78.5+£5.7 72.2+8.4 77.0£11.1 78.5£12.0
COURSE OF LIVER FUNCTION IN A PATIENT WITH
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Figure 2. Course of liver function in a patient with hepatotoxicity secondary to tolvaptan [Aspartate aminotransferase (AST) and alanine aminotransferase

(ALT)]. Normal laboratory values: AST: 1-35 U/L; ALT 2-40 U/L.

4. Discussion

ADPKD is the most common hereditary kidney disease,
and patients progress to ESRD, with 10% receiving RRT
(dialysis or kidney transplant) [2]. Disease management was
previously based solely on the control of cardiovascular risk
factors and the prevention and treatment of associated
complications. In recent years, knowledge of the disease has
advanced, and the genes involved (PKD1 and PKD2) in its
pathophysiology have been identified [6]. The TEMPO 3:4
study [20] and subsequently the TEMPO 4:4 extension study
[21] support the use of tolvaptan, a vasopressin V2
antagonist, as a treatment to delay disease progression and

loss of renal function. The TEMPO 3:4 study included 1157
patients aged between 18 and 50 years in a 3-year follow-up;
participants had GFR greater than or equal to 60 ml/min and
TKYV greater than or equal to 750 ml. The annual increase in
TKYV was lower in patients in the tolvaptan group than in the
placebo group (an annual increase of 2.8% in TKV in
patients who received tolvaptan, compared to an annual
increase of 5.5% in patients who received placebo). The
annual decline in renal function was slower in patients who
received tolvaptan (decline of -2.61 mg/ml creatinine per
year, compared to an annual decline of -3.81 mg/ml
creatinine in patients receiving placebo). In this study, the
rate of adverse events was similar in both groups, while
patients receiving tolvaptan presented aquaretic-related
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symptoms [20]. Patients who had completed 3 years in the
TEMPO 3:4 study continued to be followed up in the
TEMPO 4:4 study. The efficacy and safety of treatment was
evaluated for another 2 years: patients who had initially
received tolvaptan continued with this treatment until they
completed 5 years of treatment ("early treatment"), and
patients who had received placebo were switched to receive
tolvaptan for 2 years ("late treatment"). No statistically
significant differences were observed in the change in TKV
between the two patient groups. In contrast, differences were
observed in the secondary variable of change in GFR,
demonstrating the beneficial effect of tolvaptan on disease
progression [21].

Polycystin mutations, encoded by the genes mentioned
above, disturb intracellular calcium regulation and increase
cAMP signaling. Activation of these V2 receptors increases
cAMP and, consequently, cell proliferation and cyst
generation. For this reason, inhibiting these receptors with
the use of tolvaptan seems to slow down cystogenesis and the
progression of ADPKD.

Patients who are candidates for this treatment are defined
as rapid progressors [18]. There are different criteria for
selecting patients who are at a higher risk of progression: in
our setting, the criterion used to select patients was a decline
in annual GFR. Given the unavailability of renal MRIs, we
could not include patients with rapid progression according
to the TKV criterion. In the future, now that more MRI test
results are available, we will probably be able to include a
greater number of patients with the criterion of progression
corresponding to an annual increase in TKV measured by
MRI [15-22-23].

All patients who started treatment in our setting were
followed up on a monthly basis until month 18, and after that
patients were monitored every 3 months. They all showed a
decline in GFR in the first few months, including 1 patient
who had a 38.8% maximum decrease from baseline GFR. In
the TEMPO 3:4 study, an initial decline in GFR was
observed at 1 year of follow-up in patients treated with
tolvaptan, similar to that seen at 1 year of follow-up in
patients who received placebo. However, patients who
received the drug showed a subsequent improvement in GFR.
In this study, an annual decline of GFR of 2.72 ml/min was
observed in patients receiving tolvaptan, compared to an
annual decline of 3.70 ml/min in patients receiving placebo
[20]. This beneficial effect on disease progression was
confirmed in the TEMPO 4:4 study [21]. The patients who
were followed up for the longest periods in our study showed
a greater recovery of renal function. Four of our patients
recovered their baseline GFR during their last month of
follow-up. Despite this, more time would be needed to
confirm the delay in the loss of renal function described in
previous studies.

The administration of tolvaptan was associated with
aquaretic-related symptoms in all patients, but no increase in
the intensity of these symptoms was reported during dosing
titration. Because of these symptoms, it is essential that the
patient has access to water to ensure proper hydration.

Aquaretic-related symptoms can limit drug tolerability, and
in our study led to treatment discontinuation in 4 patients.
This is consistent with published studies, since in the
TEMPO 3:4 study, a greater incidence of these symptoms
was reported in patients treated with tolvaptan, with a
treatment discontinuation rate of 8.3% due to associated
clinical symptoms [20]. All patients in our series underwent
clinical laboratory tests, including osmolarity in blood and
urine: 100% of patients demonstrated a reduction in urine
osmolality (UOsm). The decline in UOsm occurs in patients
treated with tolvaptan, and previous studies have reported
that a greater suppression of UOsm is associated with a
greater benefit in renal function [25].

Hepatotoxicity is a potential side effect that appeared in
two of our patients. One patient showed raised
transaminases with values up to less than 2 times the limit
of normal, and with temporary discontinuation of the drug
the values of AST and ALT normalized. Another patient
showed a more important rise in ALT and AST levels,
above 8 times the limit of normal. In this patient, tolvaptan
was discontinued according to the indications of the
prescribing information, but it was later reintroduced when
transaminases values normalized. In the TEMPO 3:4 study,
tolvaptan was discontinued due to liver function changes in
1.2% of patients [20]. Due to this potential liver toxicity, it
is of vital importance that complete monthly clinical
laboratory monitoring, including liver function tests, are
performed every month during the first 18 months of
treatment.

5. Conclusion

Treatment with tolvaptan therefore seems to be a
promising option that can slow the progression of ADPKD.
Patients will have to be followed up for a longer period to
assess the true efficacy of the drug in delaying loss of renal
function, and perhaps then we can consider the inclusion of
patients over the age of 50 years with rapid disease
progression, in whom the benefit of the administration of the
drug is clear. The longer follow-up of patients treated with
tolvaptan may also provide more data on the tolerability of
this drug and its long-term safety.
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