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Abstract: Autosomal dominant polycystic kidney disease, also known as ADPKD, is the most common hereditary kidney disease,
affecting different age groups. ADPKD can eventually lead to end-stage renal disease. The etiology of ADPKD is genetic, resulting in the
formation of cysts containing fluids on the kidneys. Patients with ADPKD present a range of symptoms following a decline in kidney
function. Pain, stones, proteinuria and osteoporosis are few of the many symptoms, resulting from decreased kidney function. Tolvaptan,
a selective V2 receptor antagonist, is the etiological treatment used for ADPKD. In this paper, we conducted a systematic review of the
literature between 2011 and 2021 to gather data regarding the tolerability and efficacy of tolvaptan use in ADPKD. A total of 22 trials
were reviewed. Tolvaptan efficacy in the trials was measured using changes in eGFR or changes in total kidney volume. Results showed
that tolvaptan use in ADPKD was associated with a slower decline in kidney function and a decrease in total kidney volume. Side effects
of this drug include polyuria, nocturia and polydipsia along with hepatotoxicity. The two biggest trials, TEMPO and REPRISE, change in
eGFR from pre-treatment baseline to post-treatment was 1.3 mL/min/1.73 for REPRISE and 1 mL/min/1.73 for TEMPO 3:4. A mean
decrease of 49% in total kidney volume from baseline to post-treatment was found in the TEMPO 3:4 study.
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Introduction
Autosomal dominant polycystic kidney disease (ADPKD) is a common hereditary kidney disease. The prevalence of
ADPKD ranges between 1/1000 and 1/250." ADPKD is characterized by several cysts present in the kidneys and has
a variable age of onset, with symptoms typically starting around age 30—40 years. ADPKD is a progressive disorder and
clinical presentation is variable. Kidney cysts, back pain, and headache are the most common presentations noted in
ADPKD. However, in some cases, cysts are also prevalent in other organs like the liver and pancreas. Additionally,
urinary tract infections, hypertension, renal stones, and brain aneurysms have been reported in patients with ADPKD.
Cyst growth can eventually affect all the kidney functions leading to anemia, cardiovascular risk, secondary hyperpar-
athyroidism, and bone disease. ADPKD is the leading cause of end-stage renal disease (ESRD) and the most common
inherited kidney disease in the United States.” According to the US Renal Data System, 32.9 patients per million citizens
in America start dialysis as a result of renal cystic disease. One in 10 patients with ADPKD progress to ESRD.?
Unsatisfactory outcomes for patients with ADPKD have motivated researchers to examine novel tools for diagnosis and
treatment. Traditionally, ultrasound was the main investigation to determine cysts of 10 mm in size or greater. In recent times,
MRI and CT with contrast are used due to their ability to detect 2- or 3-mm cysts. Therefore, using CT and MRI early on in
younger individuals who have atypical kidney presentation can have a drastic impact on future prognosis. Along with the

Drug, Healthcare and Patient Safety 2022:14 147-159 147
Received: 18 January 2022 © 2022 Raina et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https:/www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

Accepted: 22 August 2022
Published: 8 September 2022

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-6037-0650
http://orcid.org/0000-0003-1171-6250
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Raina et al Dove

early detection of cysts, different therapies have emerged to control the complications of ADPKD (hypertension, anemia,
bone disease) including the vasopressin V, receptor antagonist, tolvaptan, and oral vasopressin V2-receptor antagonist. Many
trials report that the use of tolvaptan in patients with ADPKD has a positive impact on the kidneys by slowing the increase in
total kidney volume and reducing the decline of glomerular filtration rate.! Prospective studies suggest that therapy with
tolvaptan in ADPKD prolonged the time to ESKD by 6.5 years, and increased life expectancy by 2.5 years. In this paper, we
briefly describe the current understanding of ADPKD, followed by a description of pharmacological characteristics and
adverse effects of tolvaptan, and review the results of different studies.

ADPKD Genetics

ADPKD is inherited in an autosomal dominant pattern. The most common gene defects are observed in PKDI, which
encodes polycystin-1 on chromosome 16, and PKD2, which encodes polycystin-2 on chromosome 4. Although less
likely, mutations in GANAB, encoding the glucosidase II alpha subunit, ALG9, or DNAJBII gene have also been
reported.* PKD1 is more common than PKD2 and, in fact, is more symptomatic and demonstrates faster progression
as compared to PKD2.*

Manifestations

There are a host of gross pathophysiologic effects of ADPKD that develop. Hypertension is a common outcome in this
group of patients with increased anatomical size bilaterally and decreased kidney function in terms of filtration. The
increased kidney size presents both acute and chronic pain. Acute pain can be a result of both infected kidney cysts and
kidney stones. The decrease in kidney filtration measured by glomerular filtration rate (GFR) can lead to secondary
osteomalacia, secondary osteoporosis, secondary hyperparathyroidism, anemia, cardiovascular disease secondary to
hypertension, and valvular heart disease.'

Hematuria, renal stones (uric acid stones are more common because of lower pH), recurrent urinary tract infections, and
proteinuria are some of the other renal manifestations seen in ADPKD. Over time, with repeated insults to the kidney and renal
cysts increase in size and number, autosomal dominant polycystic kidney disease (ADPKD) progresses to end-stage renal
disease (ESRD). In addition to intrarenal pathology, extrarenal cysts can be seen in the pancreas, liver, spleen, and epididymis.

Pathophysiology
The biggest risk factor for the development of autosomal dominant polycystic kidney disease is mutations in the genes
PKDI1 and PKD2, which encodes polycystin-1 and polycystin-2, respectively.”® For ADPKD to manifest, mutations in
PKD1 and PKD2 alone are not enough. There must be a second hit involving another mutation causing tubular
proliferation and cyst development prior to the symptomatic onset of ADPKD.” The second hit is thought to occur
through somatic mutation on PKD-1 or PKD-2 opposite to the inherited first mutation.®

Polycystin protein’s primary function is to develop vascular and tubular infrastructures in the kidney and other organs
by controlling calcium transport across the membrane.® This process is achieved by a variety of secondary messengers
and growth factors, including cAMP, adenosine, epidermal growth factor and insulin growth factor. Extracellular signal
regulated kinase (ERK) and mammalian target of rapamycin (mTOR) control and regulate the proliferative stage of the
cysts.”!” The epithelial cell proliferation causing increased cyst size and fluid accumulation are both processes mediated
by an increase in cAMP when stimulated by anti-diuretic hormone (ADH).>® Eventually, cysts become so large that they
become an autonomous unit. Drugs acting on V2 ADH receptors and consequently decreasing cAMP levels are the target
treatment mechanism for ADPKD.

Pharmacodynamics and Pharmacokinetics of Tolvaptan

Tolvaptan, a selective V2 receptor antagonist, was developed to reduce cAMP levels and slow down the initiation and

progression of ADPKD. Tolvaptan has twice the affinity for the V2 receptor compared with native arginine ADH and is 29

times more attracted to V2 compared to the V1A receptor. It is the only FDA approved drug for the treatment of ADPKD."!
Once in the body, tolvaptan is rapidly absorbed with 40% oral bioavailability. It was shown that tolvaptan is minimally

affected by food and is dose dependent. Steady state concentration plateaus at 300 mg after absorption. Tolvaptan binds to
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plasma protein and undergoes hepatic metabolism through Cytochrome p450. The half-life of tolvaptan is 12 hours and is
excreted via the fecal route. Pharmacokinetic and pharmacodynamic properties of tolvaptan are not very well studied. Most
studies showed that tolvaptan cannot be used in patients with creatinine values <10 mg/dL. Also, tolvaptan is associated
with drug—drug interactions when other drugs use the Cytochrome p450 (CYP 3A4) system at the same time. The use of
CYP 3A4 inducers or inhibitors are contraindicated when administering tolvaptan due to their effect on tolvaptan hepatic
metabolism.

Once at the level of the kidney, V2 receptor antagonism by tolvaptan in the renal collecting ducts causes a variety of
physiological changes, which impact the pathophysiology of the ADPKD. It causes free water excretion resulting in net
body fluid loss, increases Na” concentration in the serum and decreases urine osmolality.'' Furthermore, V2 antagonism
decreases cAMP which decreases cyst proliferation and helps to slow down the progression of ADPKD.

Trials and Studies

Tolvaptan is currently FDA-approved for use only in adults. Twenty-two studies have been conducted on the efficacy
of tolvaptan between 2011 and 2021. These studies showed that tolvaptan slowed the increase in total kidney volume
and decline in estimated glomerular filtration rate in patients with ADPKD. The safety and efficacy of tolvaptan has
been studied in the two largest clinical trials done on patients with ADPKD: TEMPO3:4 and REPRISE. Both showed
a reduction in the decline of kidney function compared to placebo. In fact, the change in eGFR from pre-treatment
baseline to post-treatment was 1.3 mL/min/1.73 for REPRISE and 1 mL/min/1.73 for TEMPO 3:4. A mean decrease
of 49% in total kidney volume from baseline to post-treatment was found in the TEMPO 3:4 study.

TEMPO 3:4, was a randomized clinical trial targeting patients aged 18 to 50 years-old with ADPKD. Participants
(n = 1445), with total kidney volume of >750 mL and a creatinine clearance >60 mL/min, were randomly assigned to
receive either placebo or tolvaptan for 3-years. Tolvaptan was administered at a dose of 45 mg in the morning and
15 mg in the afternoon, followed by dose escalation. The primary outcome was the percent change in total kidney
volume. The change in total kidney volume was 9.6% and 18.8% with tolvaptan and placebo, respectively. Patients
receiving tolvaptan had fewer episodes of kidney pain as well as a lower rate of worsening of kidney function, as
measured by increase in serum creatinine and change in eGFR. Following tolvaptan therapy, the mean increase in
serum creatinine was 0.16 mg/dl vs 0.23 mg/dl with placebo. The yearly eGFR slope change was —2.72mL/min/
1.73 m? in the tolvaptan group and —3.70 mL/min/1.73 m? in those receiving placebo. Patients receiving tolvaptan
also showed a significant reduction in albuminuria. TEMPO 4:4 studied the long-term effect of tolvaptan by
following 871 patients who completed TEMPO 3:4. The patients received 45, 60, 90 mg doses in the morning and
15 or 30 mg dose 9-hours later, for the next 24 months. The change in the total kidney volume from TEMPO 3:4 to
TEMPO 4:4 after 24 months was 29.9% and 31.6% in patients receiving tolvaptan and placebo, respectively (P = not
significant). The change in eGFR during TEMPO 4:4 was —3.26% per year with early treatment during TEMPO 3:4
and —3.14% per year with delayed treatment, with no significant eGFR changes following long-term tolvaptan
therapy. While therapy with tolvaptan was effective in the short term in slowing the increase in total kidney volume
and correcting renal function, the kidney function was maintained in the long term'? (Figures 1-3).

The REPRISE trial included patients 18 to 55 years old with baseline eGFR 25-65 mL/min/1.73 m” and patients 56 to
65 years-old with eGFR 25-44 mL/min/1.73 m* and eGFR decline of more than 2 mL/min/1.73 m? per year. Participants
received either tolvaptan or placebo for 12 months; tolvaptan doses were 60 or 90 mg in the morning and 30 mg in the
afternoon. At 1-year-follow up, the results showed that the mean change in eGFR was —2.34 mL/min/1.73 m? in the
tolvaptan treated patients, and —3.61 mL/min/1.73 m? in those administered placebo. The changes were observed in all
groups, except in the non-white, more than 55-yr-old or participants with early CKD."? The use of tolvaptan was found to
reduce the decline in kidney function compared to placebo (Figures 1 and 3).

Besides these trials, a number of studies have been conducted on the efficacy and safety of tolvaptan in patients with
ADPKD. Irazabal et al followed the progression of ADPKD in 20 participants, 18—60 years old, who were given
tolvaptan, 45 mg in the morning and 15 mg 8-hr later 7 days. While there was no significant change in eGFR before and
after treatment, total kidney volume and cyst volume were significantly reduced by 3.1% and 1.6%, respectively.'* In
another study by Boertien et al, 27 patients with ADPKD received therapy with tolvaptan for 3-weeks, followed by an
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Figure 2 Change in total kidney volume (TEMPO 3:4).
Note: *Percent change from baseline.

observation period of 3-weeks. While there was a significant decrease in GFR at 3 weeks following treatment (median
—5.4%), this change was not maintained in the 3-weeks following stoppage of medication.'

Horie et al and Muto et al specifically studied the Japanese patients in the TEMPO trial. In the former study, of 92
patients with ADPKD who were administered tolvaptan, 37 responded to the treatment with decrease in total kidney
volume (—8.33%) compared to 55 patients with increasing total kidney volume (13.95%). However, for both groups,
eGFR decline was significantly slowed.'® Muto et al (n = 118 participants) showed that the change in total kidney volume
was 1.3% in patients receiving tolvaptan compared to 5% receiving placebo. The change in was —3.83 mL/min/1.73 m?
in the tolvaptan group vs —5.05 mL/min/1.73 m? in the placebo groups.'’

150 https: Drug, Healthcare and Patient Safety 2022:14

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Raina et al

“ JYNARQUE reduced the rat of eGFR decline: “ The safety profile of JYNARQUE was similar

* REPRISE (1-yr trial; CKD late stage 2 to early stage 4): across clinical trails
treatment effect of 1.3 mL/min/1.73m*/year

“In a 3-year placebo-controlled trail and its

* TEMPO 3:4ﬁ(3‘y’ft”a'? CK/D 1 ;0 3): . open-label extension (in which patients' liver
(B L= R I A AT tests were monitored every 4 months), there
+ In TEMPO 3:4, JYNARQUE is significantly reduced was evidence of serious hepatocellular injury;
the rate of change of TKV by 49% over 3 years risk of injury can be reduced with frequent

* Tolvaptan has little effect on kidney size monitoring of hepatic transaminases and
beyond what accrues during the first year of bilirubin

reatmens < The most reported JYNARQUE related AEs

. " (thirst, polyuria, nocturia, pollakiuria and
< In TEMPO 3:4, the relative rate of ADPKD- L : 5 ’
related events was decreased by 13.5% with polydipsia) are consistent with the mechanism

JYNARQUE treatment of action

Figure 3 Summary of tolvaptan efficacy and safety of the 2 largest trials.

The next set of studies examined the long-term effects of tolvaptan administration in patients with ADPKD.
Administration of tolvaptan had a beneficial long-term outcome by slowing the decrease in eGFR and decreasing total
kidney volume. Bennett et al showed that treatment with tolvaptan delayed progression of ADPKD to ESKD by 5-years
(57 years in tolvaptan group; 52 years in placebo group).'® Edwards et al (2018) followed 97 patients of ADPKD treated
with tolvaptan and followed for an average of 4.6 years (1-11 years). The eGFR decline was lower in patients taking
tolvaptan (—1.97 mL/min/1.73 m?) compared to placebo (—3.5 mL/min/1.73 m?).'® Finally, Higashihara et al followed 51
subjects with ADPKD who were administered tolvaptan for 3 years. The kidney total volume was significantly increased
in the control group (5.8%) compared to the tolvaptan treated patients (1.7%). The annual eGFR decline was also greater
in the placebo group (—2.1 mL/min/1.73 m?) vs tolvaptan (—=0.71 mL/min/1.73 m?)*® (Table 1, Figure 1).

Different methods are available to calculate the disease progression. As the number of cysts increase in ADPKD the
total kidney volume (TKYV) is a reliable data point, which helps monitor the disease progression. Renal Function tests
which include serum creatinine and glomerular filtration rate (GFR) can also be used to see the disease progression. Of
those options, total kidney Volume (TKV) is considered the most reliable (Figure 4). Radiologically measured kidney
volume is a good predictor to measure the disease progression.'> Once the disease is diagnosed with ultrasound more
sophisticated imaging modalities like CT and MRI are used to measure the TKV to follow the progression of ADPKD.

Side Effects

The use of tolvaptan has been shown to cause several adverse side effects. Various reports have documented their
incidence in patients after treatment initiation for autosomal dominant autosomal polycystic kidney disease (ADPKD). In
TEMPO 3:4, the various side effects were compared in the tolvaptan and placebo group.'® Tolvaptan is known to cause
aquaretic side effects such as polyuria, nocturia and polydipsia most frequently. Aquaresis is defined as the excretion of
water which is free of electrolytes. The aquaretic effects of tolvaptan are not known to decline with time.>' Tolvaptan is
a selective vasopressin V2 receptor antagonist. It acts by inhibiting vasopressin from binding to the V2 receptor, thus
causing aquaresis (loss of electrolyte-free water). The binding of vasopressin to the V2 receptor normally decreases the
free water clearance from the body by aquaporin channel translocation in the collecting duct system. Therefore, tolvaptan
usage in patients prevents this process and as result there is loss of free water causing polyuria, nocturia, thirst,
dehydration, fatigue, dizziness most commonly** Supplementary Table.

In the study done by Higashihara in 2011, the side effects of tolvaptan were observed to have a change in incidence
with the changing dose of tolvaptan. Adverse effects like nocturia, dizziness, polyuria, fatigue and pollakiuria showed an
increased incidence with an increase in dose from 15/15 mg/day to 45/15 mg/day. However, some other side effects like
hypertension, renal pain, diarrhea showed a decrease in incidence with the same increase in the dose of tolvaptan®
Supplementary Table.
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Table | Outcomes and Side Effects of Tolvaptan Trials
Last Name Year Sample Size Characteristics Outcomes Side Effects
Torres et al* 2017 68l Patients aged 18-65 with early Compared To placebo Tolvaptan Polyuria (5.3%), nocturia (4.7%),
autosomal dominant polycystic use in patients with ADPKD slowed | thirst (4.0%), polydipsia (1.8%), dry
kidney disease (ADPKD). Baseline the decline in the estimated GFR. mouth (1.9%), diarrhea (6.9%),
eGFR for population was 40.7 The total kidney volume measured fatigue 6.8%), hematuria (5.4%),
+10.9 mL/min/1.73 mA2. in mL was <2000 mL, >2000 mL elevation in ALT levels (10.9%).
and the change in eGFR in mL/min/
1.73 m”"2 was —2.34.
Torres et al 2012 961 Patients aged 18-65 with autosomal Compared to placebo, following Polyuria (38.3%), nocturia (29.1%),
dominant polycystic kidney disease a 3-year period, Tolvaptan was thirst (55.3%), polydipsia (10.4%),
(ADPKD). Baseline eGFR for associated with a slower increase in | dry mouth (16.0%), diarrhea (13.%),
population was 41.4x11.2 mL/min/ TKD. It was also associated with fatigue (13.6%), elevation in ALT
1.73 m"2. a slower decline in kidney function. levels (1.8%).
However, Tolvaptan was associated
with a higher discontinuation rate
due to its side effects. The total
kidney volume in mL was
<2000 mL, >2000 mL, and the
change in eGFR in mL/min/
1.73 m*2 was —3.61.
Torres et al 2018 557 Patients with an average age of 38.9 | TEMPO 4:4 trials showed a disease- Renal pain (17.6%), thirst (46.7%),
years with autosomal dominant modifying effect of tolvaptan on polyuria (41.1%), polydipsia
polycystic kidney disease (ADPKD). eGFR. The total kidney volume (11.0%), nocturia (25.5%), fatigue
Baseline eGFR for population was in mL was 1498 mL. There was no | (6.8%), dry mouth (8.1%), dizziness
82.2 mL/min/1.73 m"2. change in eGFR recorded. (3.2%), headache 10.4%).
Edwards et al 2018 Patients aged 33-53 years with Patients with ADPKD taking -
autosomal dominant polycystic tolvaptan for 11.2 years with
kidney disease (ADPKD). No average of 4.6 years demonstrated
baseline eGFR recorded. a reduction in the rate of eGFR
decline. No total kidney volume
recorded. Change in eGFR
recorded in mL/min/1.73 m”2 was
-2.2.
Torres et al*® 2016 | CKD Stage | =330 Patients aged 32—44 years with Tolvaptan was found to have Thirst (53.6%, 57.2%,53.4%),
CKD Stage 2 = 465 autosomal dominant polycystic benefits on CKD stages | to 3. The polyuria 44.8%, 35.5%, 33.7%),
CKD Stage 3 = 163 kidney disease (ADPKD). Baseline total kidney volume in mL was nocturia (28.5%, 29.5%, 30.1%),
eGFR for population was 77 mL/ 1813 mL. There was no change in pollakiuria (16.1%, 27.5%, 25.2%),
min/1.73 m72. eGFR recorded. ALT elevation (5.2%, 5.6%, 7.4%),
AST elevation (3.9%, 3.7%, 4.9%).
Gansevoort etal | 2016 961 The aim of this study is to High albuminuria is criteria present Thirst (55.3%), polyuria (38.3%),
investigate the effects of tolvaptan in ADPKD. This study found that headache (25%), nocturia (29.1%),
on albuminuria as a continuous the use of Tolvaptan in ADPKD was pollakiuria (23.2%), dry mouth
variable. There was no baseline associated with a decrease in blood | (16.0%), polydipsia (10.2%), fatigue
eGFR recorded. albumin, independent of blood (13.6%), dizziness (11.3%), diarrhea
pressure. (13.3%).
Torres et al 2017 684 Patients with an average age of 47.2 Tolvaptan administration in late Idiosyncratic hepatotoxicity (8.3%)
years with autosomal dominant stage CKD 2 to 4 had no disease
polycystic kidney disease (ADPKD). modifying properties in REPRISE
Baseline eGFR for population was trial. No total kidney volume or
43.1 mL/min/1.73 m”2. change in eGFR recorded.
(Continued)
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Table | (Continued).

effect along with the safety of using

Tolvaptan in patients with ADPKD.

The age range of patients was 39+7

and the baseline eGFR was 79 mL/
min/1.73 mA2.

Last Name Year Sample Size Characteristics Outcomes Side Effects
Gansevoort et al | 2019 This research looked at copeptin Patient with higher baseline -
which is a vasopressin marker. It copeptin witnessed a larger
investigated the efficacy of response to Tolvaptan treatment.
tolvaptan use by looking at pre- These patients showed a slower
treatment copeptin vs after decline in kidney function. Thus
treatment copeptin. Copeptin can be used as
a biomarker for Tolvaptan efficacy.
Devuyst et al 2017 The research studied whether The total kidney volume in mL was -
baseline urine osmolarity can be 1713 mL, and the change in eGFR
used as a biomarker to classify the in mL/min/1.73 mA2 was —2.89,
severity of ADPKD. It also —2.98, —2.69, —1.86. Uosm baseline
investigated if the change in Uosm was a determinant of tolvaptan
can be of Tolvaptan efficacy. efficacy.
Patients had an average age of 38.4
years with a baseline eGFR of
80.9 mL/min/1.73 m"2.
Casteleijn et al 2017 This study aims to test whether the | Tolvaptan reduced renal pain events Polyuria
use of Tolvaptan have a positive associated with ADPKD. The total
impact on renal pain. The patient kidney volume in mL was 1692 mL,
population was aged 39+7 years and the change in eGFR in mL/min/
and baseline eGFR was noted as 1.73 m*2 was —3.1.
81 mL/min/1.73 m"2.
Therwani et al 2017 The aim of this study was to NO inhibition allowed tolvaptan to -
identify the role of Nitric Oxide antagonize both the antidiuretic and
during tolvaptan treatment in the antinatriuretic effect of
ADPKD. The patients were aged 47 | L-NMMA. The reduced GFR during
years old. No baseline eGFR tolvaptan most likely is caused by
recorded. the reduction in extracellular fluid
volume and blood pressure. The
change in eGFR was recorded at
2.72 mL/min/1.73 m"2.
Kramers et al 2019 The aim of this study was to V2RA-induced polyuria is limited by Thirst, polyuria
investigate determinants of urine the stop of osmolar intake. This will
volume in patients with ADPKD lead to a decrease in side effects in
using V2RAs. The patient patients and thus an increased
population was 46+9.8 years and tolerability of the drugs.
the baseline eGFR was 61 mL/min/
1.73 m"2.
Bennett et al 2019 This study investigated the effect of The results showed that early Thirst, polyuria, nocturia
Tolvaptan treatment on ADPKD tolvaptan held great promises on
along with its potential effect on the the long run in patient with
long run. The average age of ADPKD. The total kidney volume
patients was 38.7 years and the was recorded as 1692 mL.
baseline eGFR was noted as
81.61 mL/min/1.73 m"2.
Torres et al 2011 This study examines the long-term The total kidney volume recorded -

was 1460 mL.

(Continued)
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Table | (Continued).

Last Name Year Sample Size Characteristics Outcomes Side Effects
Shoaf et al 2017 This study reports the Results showed that increasing Thirst, polyuria, pollakiuria, dry
pharmacodynamics and Tolvaptan concentrations were not mouth, nocturia, fatigue
pharmacokinetics of tolvaptan. tolerated. 45/15 mg was well
tolerated. Once the dose increases
less patients were able to tolerated.
Only 28 of 46 patients were able to
tolerate the 90/30 mg.
Irazabal et al 2011 The study aimed to test if the effect | It was found that Tolvaptan acts by Polyuria, nocturia, polydipsia, dry
of antagonism in patient with inhibiting V2. The total kidney mouth
ADPKD is dependent on a specific volume recorded was 2316 mL.
kidney activity. The patient age
range was 47.8+8.7.
Higashihara et al 2011 15/15 mg/d = 17 This study aims to confirm that V2- | The conclusion was that Tolvaptan | Thirst (53%, 36%, 67%), pollakiuria
45/15 mg/d = 22 specific vasopressin receptor slowed ADPKD cyst growth. The (12%, 46%, 58%), nocturia (12%,
90/30 mg/d = 24 antagonists delay disease total kidney volume was recorded | 41%, 13%), polyuria (6%, 36%, 25%),
progression in animal models. The as 1635 mL. headache (24%, 14%, 25%), anemia
patients’ age were 42 years and the (6%, 23%, 4%), dizziness (12%, 36%,
baseline eGFR was recorded as 17%), sinusitis (12%, 14%, 25%),
62 mL/min/1.73 m"2. fatigue (6%, 27%, 33%), abdominal
pain (6%, 14%, 29%), diarrhea (12%,
9%, 29%)
Horie et al 2021 This study focused on evaluating Tolvaptan was found to slow the Kidney pain, hematuria
Tolvaptan effects on both TKV and decline of eGFR decline,
kidney function and whether or not irrespective of TKV response, in
these effects are interrelated. The patients with ADPKD in Japan.
age range of patients was 39.7+5.4
years and the baseline eGFR was
71.3 eGFR mL/min/1.73 m”2.
Muto et al 2015 118 This study aimed at assessing the Japanese sub-population had Thirst (89.8%), nasopharyngitis
safety and efficacy of tolvaptan. The a reduction in the annual rate of (63.8%), pollakiuria (53.4%),
age range of the patient population | Total Kidney Volume growth along | polyuria (33.9%), dizziness (14.4%),
was 38.7£6.1 years and the baseline with a decrease in the decline of fatigue (11.0%), headache 31.4%),
eGFR was recorded as 72.74 mL/ kidney function following Tolvaptan | diarrhea (12.7%), upper abdominal
min/1.73 mA2. treatment. The total kidney volume pain (13.6%), hyperuricemia
was 1456 mL. (11.9%), vomiting (10.2%),
abnormal hepatic function (10.2%),
decreased appetite (10.2%), nausea
(13.6%), constipation (16.1%)
McEwan et al 2018 This study looked at creating a tool | The ADPKD-OM was found to be | Kidney pain, urinary tract infection,
to predict the progression of the tool to predict disease hematuria
ADPKD along with the long-term progression and long-term
effects in patients with ADPKD. outcomes in ADPKD patient. The
The age range of patients was 39+7 | total kidney volume recorded was
years. 1705 mL.
Casteleijn et al** | 2017 The study looked at the “effect of The use of Tolvaptan induced Polyuria
tolvaptan-induced polyuria on polyuria. However, this polyuria had
ureter diameter in ADPKD no effect on ureter diameter. The
patients”. The age range of patients | total kidney volume recorded was
was 4219 years and the baseline 2030 mL.
eGFR was 68 mL/min/1.73 m"2.
(Continued)
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Table | (Continued).

tolerability of tolvaptan in 27
patients with ADPKD.

well tolerated with only 2 patients

withdrawing.

Last Name Year Sample Size Characteristics Outcomes Side Effects
Uchiyama et al 2021 This study looked at the impact of It was found that -
adding a thiazide diuretic Trichlormethiazide improved
(trichlormethiazide) in ADPKD Tolvaptan tolerability in patients

patients who are taking Tolvaptan with ADPKD.

with or without antihypertensive

therapy. The study was performed

over |2 weeks.

Boertien et al 2013 This study aimed to test the Study showed that tolvaptan was -

Cornec Le-Gall 2018 The study looked at patients from
the Tolvaptan Phase 3 Efficacy and
Safety Study in Autosomal
Dominant Polycystic Kidney
Disease (TEMPO3/4) trial. The
study aimed to test PROPKD’s

prognostic value.

Study showed that PROPKD score
is very important in order to detect
future population who are at risk of

rapidly progressing ADPKD.

The TEMPO 3:4 trial also throws light on another serious side effect of tolvaptan: hepatotoxicity.>' This hepatotoxi-
city is thought to be idiosyncratic in nature. This is accompanied by elevation in the transaminase levels, which may be
accompanied by elevated bilirubin levels as well.?! In most of the cases where ALT/AST or bilirubin levels were raised,
the levels returned to baseline upon discontinuation of the drug.'® It has been noted that tolvaptan can cause severe liver

damage in some patients and in some cases, patients have been required to undergo liver transplantation due to acute liver

failure'® (Table 1, Figure 5).
g

The TEMPO 3:4 trial also compared the elevated AST, ALT and bilirubin levels in patients taking tolvaptan and those
taking placebo.'® The TEMPO 3:4 trial also compared the elevated AST, ALT and bilirubin levels in patients taking
tolvaptan and those taking placebo. The elevations in AST, ALT and bilirubin were compared in tolvaptan and placebo
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Figure 4 Mechanism and site of tolvaptan action.
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SIDERELEEECTS
OF TOLVAPTAN

Aquaretic Renal side Gastrointestina
side effects 2 offects side effects

Miscellaneous

-Thirst -Polyuria Elevated AST
-Polydipsia -Nocturia Elevated ALT

-Dry mouth -Kidney pain :
' -Hypertension
-Dehydration Sull -Hzﬁemricemia
-Pollakiuria -Gout

Figure 5 Side effects from the two largest trials.

group: 4.4% vs 3.1%, 1.0% vs 0.8% and 0.9% vs 1.9%. (The AST and ALT levels were elevated >3 times the upper limit

of normal; the bilirubin levels were elevated >1.5 times the upper limit of normal)'® (Supplementary Table, Figure 5).

Subjects receiving tolvaptan in the REPRISE trial (double blinded study) were noted to develop hepatic side effects as
well. In the same trial, subjects receiving placebo also developed hepatic side effects, but the incidence was lower as
shown in the table given below.?’ In the tolvaptan group 11% of the patients out of 681 total patients developed hepatic
side effects and 5% of the patients in the placebo group developed hepatic side effects out of a total of 685 patients
(Table 1, Supplementary Table).

According to two largest clinical trials, namely tolvaptan TEMPO 2:4 and tolvaptan TEMPO 3:4, this is the spectrum
of side effects seen most in ADPKD patients who have been put on tolvaptan therapy>® (Figure 5).

Complications of Tolvaptan
Tolvaptan causes aquaretic side effects like polyuria, nocturia and polydipsia along with hepatotoxicity, hyperuricemia,
fatigue, dehydration, pollakiuria, hypertension, etc. TEMPO 3:4 phase three trial is conducted on subjects between the
age of 18-50 years.”® This trial was conducted over a period of three years and was done to show favorable effects of
tolvaptan on the growth and function of the kidney.?® In the 18-24 years age group tolvaptan showed a higher TKV,
however no hepatotoxicity was detected. In the young population, there was also no risk of hepatotoxicity. This trial
prompts the need for further trials and studies in the younger and adolescent population.

Most of the ADPKD patients have a positive family history with PKD1 mutation being more prevalent than the PKD2
mutation variant.’” ADPKD is usually asymptomatic well into adulthood, therefore efforts are being made to conduct

studies to establish whether early initiation of tolvaptan can slow down cyst growth and help contain the renal damage.*®

156 https: Drug, Healthcare and Patient Safety 2022:14

Dove!


https://www.dovepress.com/get_supplementary_file.php?f=338050.xlsx
https://www.dovepress.com/get_supplementary_file.php?f=338050.xlsx
https://www.dovepress.com
https://www.dovepress.com

Dove Raina et al

In children with ADPKD, the most common renal manifestations are polyuria, nocturia, hematuria and back/abdominal
pain.*’ Younger patients frequently develop glomerular hyperfiltration, proteinuria and albuminuria as compared to the
adult population. This also leads them to develop more severe disease than patients who do not have proteinuria.>® This
brings us to the dilemma whether children who are at a risk of developing ADPKD need screening for early detection of
possible disease. Currently, there are no guidelines which recommend any such screening of children who are not
symptomatic.

Hypertension is an important extrarenal manifestation of ADPKD in both children and adults, and it is a strong
predictor for determining the prognosis of the patient.>' Owing to the high incidence of proteinuria and hypertension, the
International Pediatric Nephrology Association (IPNA) and the European Society of Pediatric Nephrology (ESPN) have
put forward the examination of blood pressure and urine in children at risk. The pediatric population at risk of developing
ADPKD with any positive family history or with a confirmed diagnosis of ADPKD must be monitored regularly for
changes in the blood pressure or albuminuria. Along with surveillance for hypertension, these children are recommended
to adhere to a low-salt diet because it is known to keep the blood pressure within normal limits as well. The European
Society of Hypertension (ESH) and the American Academy of Pediatrics (AAP) also propose a strict monitoring of blood

pressure annually for at-risk children, and they extend this recommendation for healthy children as well.*?

Future Perspectives

Reduction in morbidity and mortality associated with the manifestations of ADPKD have been the focus of treatment for
many years. Lowering the rate of disease progression remains the main goal in the management of ADPKD, which is
currently being done by using tolvaptan. Supportive therapies to reduce the rate of progression include optimization of
BP, sufficient fluid intake, low-salt diet, caffeine reduction and avoidance of nephrotoxic agents.

There have been various literature discussions about high fluid intake alone for the treatment of ADPKD but with
inconclusive results. Most clinical trials like PREVENT-ADPKD and DRINK (multi-centre, open-label randomized
controlled trial) are only exploring an increased water intake, both with a target urine osmolality of <270 mOsm/kg.**
Dietary intervention played a key role in patients with ADPKD. Patients with ADPKD who did not follow a diet that
focuses on calories, protein, sodium, and phosphate, saw an exacerbation in CKD clinical and metabolic abnormalities. In
addition, these patients had a reduced drug therapy effectiveness. Thus, referring patients with ADPKD to a dietician
early on can improve the clinical outcomes. No literature yet exists to assess the impact of a specific diet on ADPKD
progression. Since drug therapy is not readily available to every patient with ADPKD, looking into dietary option to
decrease or control ADPKD clinical presentation, can be an important future perspective. The burdens of ADPKD and
CRRT (continuous renal replacement therapy) are serious and should not be disregarded.

Various trials described different medications that could stop the disease progression. Lixivaptan is a new oral V2-
receptor-specific antagonist, previously used for SIADH, heart failure, etc., but is now being tested for treatment of
ADPKD. Tyrosine Kinase plays a crucial role in the EGFR (epidermal growth factor receptor) pathway that constitutes
one of the central stimuli of cystic cell proliferation. Pre-clinical studies have backed the role of tyrosine kinase inhibitors
such as Bosutinib. Tesevatinib is a multi-kinase inhibitor that promotes the inhibition of c-Src (a tyrosine kinase closely
implicated in EGFR cascade). Sphingolipids play an important role in controlling function, proliferation and apoptosis of
cells. An ongoing trial is underway for the drug Venglustat, where the rate of kidney growth and the rate of glomerular
filtration change are being studied. Metformin can stimulate the 5" AMP-activated protein kinase (AMPK), a metabolic
sensor that appears to be inhibited in ADPKD and is currently being studied in multiple ongoing clinical trials. 2-deoxy
glucose (2DG) is a glucose analog that uses the same plasma membrane carrier as glucose to enter the cells. Once inside,
like glucose, 2-deoxy glucose gets phosphorylated. After phosphorylation, the metabolism of 2-deoxy glucose stops here.
This will lead to an accumulation inside the cell and thus stopping the glycolytic pathway. By using 2-deoxy glucose, the
cell energy demands are targeted, and cystic epithelial proliferation cannot occur anymore in ADPKD. 2DG has been
tested in several trials but is not registered as a therapeutic agent.**

Quality of life in patients with ADPKD is affected heavily. Studies on the impact of tolvaptan on the quality of life of
patients with ADPKD are absent.®> Although tolvaptan showed a significant impact on the progression of ADPKD,
studies showing tolvaptan future effects and whether the results are reproducible over the long term are missing.
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Monitoring treatment efficacy is a topic, which needs further research. Determination of htTKV (height adjusted total
kidney volume) using imaging is at this time the best method to predict disease outcomes and monitor treatment efficacy.
In addition, a quantitative image analysis of the kidney can further monitor and predict disease outcomes.

Conclusion

Tolvaptan is an approved treatment for use against ADPKD. The results of various clinical trials showed that tolvaptan is
the drug of choice in slowing the progressive loss of renal function in patients with ADPKD. Many new treatment
approaches are emerging and trying to target different aspects of the disease. Of these emergent approaches, Micheal
J. Caplan discussed the importance of the enzyme adenosine monophosphate protein kinase (AMPK) in cellular
metabolism and its role in ADPKD. AMPK usually acts by increasing the production mechanism of ATP when AMP
levels are high and ATP levels are low. Many processes, which are against cyst formation in kidneys, are normally shut
down by AMPK. The author found that AMPK participated in ADPKD pathogenesis, especially when the mutations in
ADPKD downregulate AMPK functions, thus allowing cyst formations. Thus, the new drug being researched acts on
AMPK either directly (through a chemical compound that mimics AMP) or indirectly (caloric restriction which will
increase the need for high energy levels) activating it to counteract the cyst generating factors in ADPKD. By activating
AMPK, cellular metabolism will shift to increasing energy expenditure and slowing down cyst developments.*® This new
concept is still heavily being tested along with other emergent ones in the future.
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