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Abstract
Tolvaptan [Jynarque® (USA); Jinarc® (EU, Canada); Samsca® (Japan)] is a highly selective vasopressin V2 receptor antago-
nist approved for the treatment of autosomal dominant polycystic kidney disease (ADPKD). In the phase III TEMPO 3:4 
trial, 3 years’ treatment with tolvaptan slowed the increase in total kidney volume (TKV) and the decline in renal function 
relative to placebo. The composite secondary endpoint of time to investigator-assessed clinical progression also favoured 
tolvaptan over placebo. Although tolvaptan did not demonstrate a sustained disease-modifying effect on TKV over the 
longer term in the TEMPO 4:4 extension trial, the effect of tolvaptan in slowing renal function decline was maintained for a 
further 2 years. The phase III REPRISE trial confirmed the efficacy of tolvaptan in patients with later-stage ADPKD. Most 
of the adverse events commonly observed with tolvaptan (e.g. polyuria, nocturia, polydipsia, thirst) are consistent with its 
pharmacological activity. In the TEMPO trials, tolvaptan was also associated with idiosyncratic hepatotoxicity which was 
reversible on discontinuation of the drug. Although the use of tolvaptan requires careful consideration and balancing of 
benefits and risks, it provides a valuable treatment option to slow the progression of ADPKD in patients at risk of or with 
evidence of rapidly progressing disease.

Tolvaptan: clinical considerations in ADPKD 

Highly selective vasopressin V2 receptor antagonist

Slows increase in TKV and decline in renal function

Most common adverse events are aquaretic in nature and 
related to its mechanism of action

Associated with idiosyncratic elevated liver enzymes

1  Introduction

Autosomal dominant polycystic kidney disease (ADPKD) is 
a chronic, progressive disease characterized by the develop-
ment and growth of renal cysts [1]. ADPKD is associated 
with multiple renal and extra-renal manifestations, includ-
ing pain, renal function abnormalities, cardiovascular and 
cerebrovascular complications, and the development of 
cysts in the liver and other organs [1, 2]. Most patients with 
ADPKD eventually develop end-stage renal disease (ESRD) 
and require renal replacement therapy (i.e. kidney transplan-
tation or dialysis) [1]. ADPKD is the most common genetic 
kidney disease [2]. It is caused by a heterozygous mutation 
in one of two genes: PKD1, which accounts for 80–85% of 
cases, and PKD2. The condition is more severe in patients 
with PKD1 mutations than in those with PKD2 mutations 
[2].

Several signalling pathways have been implicated in 
the pathogenesis of ADPKD, including intracellular dys-
regulation of calcium, accumulation of cyclic adenosine 
monophosphate (cAMP), and activation of mitogen-
activated protein and mammalian target of rapamycin 
kinases [3]. The antidiuretic hormone arginine vasopressin 
(AVP) stimulates cAMP production in the distal nephron 
and collecting ducts by binding to V2 receptors [4]. cAMP 
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agonists, including AVP, play an important role in cyst 
growth by promoting cyst cell proliferation and cyst fluid 
secretion [4]. Antagonism of AVP at the V2 receptor results 
in free water excretion (aquaresis), reduced urine osmolal-
ity, suppression of AVP-induced cAMP production and 
decreased kidney cyst cell proliferation [4, 5].

Tolvaptan [Jynarque® (USA); Jinarc® (EU, Canada); 
Samsca® (Japan)] is a highly selective vasopressin V2 

receptor antagonist approved for the treatment of ADPKD. 
The pharmacological properties of tolvaptan have been 
reviewed in detail [6] and are summarized in Table 1. This 
review focuses on the clinical use of tolvaptan in adults at 
risk of or with evidence of rapidly progressing ADPKD 
[7, 8]. Tolvaptan (Samsca®) is also approved in adults for 
the treatment of hyponatraemia secondary to the syndrome 
of inappropriate antidiuretic hormone secretion (SIADH); 

Table 1   Overview of key pharmacological properties of tolvaptan

↓ decreases, ↑ increases/increased, ADPKD autosomal dominant polycystic kidney disease, AUC​ area under the plasma concentration-time 
curve, AVP arginine vasopressin, cAMP cyclic adenosine monophosphate, CKD chronic kidney disease, CLCR creatinine clearance, Cmax maxi-
mum plasma concentration, GFR glomerular filtration rate, MAPK mitogen-activated protein kinase, MCP-1 monocyte chemoattractant pro-
tein-1, M-CSF macrophage colony-stimulating factor, NGAL neutrophil gelatinase-associated lipocalin, pts patients, t½ elimination half-life, TKV 
total kidney volume, TOL tolvaptan, Vd volume of distribution
a Consult local prescribing information for detailed recommendations

Pharmacodynamic properties
Mechanism of action Selective vasopressin V2 receptor antagonist, blocks binding of AVP at V2 receptors of distal portions of nephron, 

1.8 times greater affinity for V2 receptor than native AVP [7, 8]
In vitro Inhibited extracellular signal-related kinase-dependent cell proliferation, chloride-dependent fluid secretion and cyst 

growth in human ADPKD cells stimulated by AVP [4]
In animal models ↓ cAMP levels, ↓ MAPK activity, attenuated ↑ kidney volume, inhibited ↑ urinary albumin excretion, ↓ mortality [49]

↓ Semaphorin 7A expression on regulatory T cells [50]
Activates Nrf2/HO-1 pathway through PERK phosphorylation [51]

In volunteers Split-dose administration of TOL provided better 24-h suppression of urine osmolality than a single dose [44]
↑ Free water clearance, ↑ plasma osmolality, ↓ urine osmolality, ↑ serum sodium [52]

In pts with ADPKD Single daily doses of TOL did not adequately suppress urine osmolality over 24 h [44]
↑ Free water clearance, ↑ serum creatinine, ↓ GFR, ↑ serum uric acid, ↓ serum potassium, ↑ urine flow [53]
↑ Urine volume, ↑ free water clearance; ↓ urine osmolality, ↓ TKV, ↓ kidney injury-marker excretion after 3 weeks of 

treatment [54], ↓ GFR in pts with stage 1–3 CKD but not in pts with stage 4–5 CKD [55]
↑ Heparin-binding epidermal growth factor excretion after 3 weeks of treatment [56]
↑ Fractional excretion of sodium, ↓ blood urea nitrogen, ↓ systolic BP [57]
Antagonised both antidiuretic and antinatriuretic effect of L-NG-monomethyl-arginine, no effect on urinary excretion of 

aquaporin-2 channels, ↓ GFR, ↓ bodyweight [58]
Potential candidates of urinary biomarkers include NGAL, M-CSF and MCP-1 [59]
No effect on renal plasma flow [60]

Pharmacokinetic properties
AUC ↑ dose-proportionally vs. less than dose-proportional ↑ in Cmax (plateau at ≥ 240 mg), Cmax reached after ≈ 2 h 

[52], Cmax ↑ when administered with high-fat meal [7, 8]
Absolute bioavailability is 56%, binds reversibly (98%) to plasma proteins [7, 8], Vd is ≈ 3 mL/kg [8]
Metabolized primarily by CYP3A, eliminated almost entirely by non-renal routes (< 1% of dose excreted unchanged in 

urine), 14 metabolites with little to no pharmacological activity identified in plasma, urine and faeces [7, 8]
Terminal t½ is ≈ 8 h [7], apparent clearance is ≈ 4 mL/min/kg [8]

Special populationsa Age, sex and race do not affect TOL pharmacokinetics [8]
Mild or moderate hepatic impairment has no clinically significant effect on TOL clearance [7], ↓ clearance and ↑ Vd in 

pts with moderate or severe hepatic impairment [8]
AUC ↑ in subjects with CLCR of < 30 and 30–60 mL/min vs. CLCR > 60 mL/min [61]
AUC ↑ in Japanese vs. Caucasian subjects, likely due to ↓ bodyweight [62]

Potential drug 
interactionsa

Weak CYP3A4 substrate, ↑ TOL exposure if used concurrently with moderate or strong CYP3A inhibitors, ↓ TOL 
exposure and efficacy if used concurrently with CYP3A inducers [7, 8]

Substrate and competitive inhibitor of P-glycoprotein, may inhibit BCRP, OAT3, OCT1, OATP1B1 and OAT1B3 [7, 8]
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discussion of this indication is beyond the scope of this 
review.

2 � Therapeutic Efficacy of Tolvaptan 
in ADPKD

The efficacy of oral tolvaptan for the treatment of ADPKD 
was investigated in the randomized, double-blind, placebo-
controlled, multicentre, phase  III TEMPO  3:4 trial [9] 
(Sect. 2.1) and its long-term extension, TEMPO 4:4 [10] 
(Sect. 2.1.2). The efficacy of tolvaptan in patients with later-
stage ADPKD who had more advanced disease than those 
in TEMPO 3:4 was investigated in the randomized, double-
blind, placebo-controlled, multicentre, phase III REPRISE 
trial [11] (Sect. 2.2.1) and in a prospective study in Japanese 
patients [12] (Sect. 2.2.2). In addition, the efficacy of tolvap-
tan in the real-world setting is discussed (Sect. 2.3).

2.1 � TEMPO 3:4

TEMPO  3:4 included patients aged 18–50  years with 
ADPKD, rapidly progressive kidney growth [total kidney 
volume (TKV) ≥ 750 mL] by MRI, and an estimated creati-
nine clearance (CLCR) of ≥ 60 mL/min [9]. After stratifica-
tion by presence or absence of hypertension, CLCR (< 80 
vs. ≥ 80 mL/min), TKV (< 1000 vs. ≥ 1000 mL) and geo-
graphic area, patients were randomized to receive tolvaptan 
or placebo. The initial dosage of tolvaptan was split (45 mg 
in the morning and 15 mg in the afternoon), with weekly 

increases to 60 and 30 mg and then 90 and 30 mg, as toler-
ated. After the titration phase, patients continued to receive 
the highest tolerable dosage of tolvaptan for 36 months. The 
primary endpoint was the annual rate of percentage change 
in TKV [9].

Over 3 years, tolvaptan significantly slowed the increase 
in TKV compared with placebo [9]. The mean percent-
age change in TKV per year was significantly lower with 
tolvaptan than with placebo (Table 2); the ratio of the geo-
metric means of growth rate was 0.97 (95% CI 0.97–0.98; 
p < 0.001). The analysis of the primary endpoint was 
confirmed by a mixed-model repeated-measures analy-
sis in which the least squares mean change in TKV over 
3 years was 9.6% with tolvaptan versus 18.8% with placebo 
(p < 0.001). The between-group difference (– 9.2%) repre-
sented a 49% treatment effect in the intent-to-treat popu-
lation. Of note, the treatment effect was more pronounced 
during the first year of treatment than during the second or 
third years [9].

The beneficial effect of tolvaptan on TKV was seen in 
all prespecified stratification subgroups: sex, age (< 35 
vs. ≥ 35  years), baseline TKV (< 1500 vs. ≥ 1500  mL), 
baseline estimated CLCR (< 80 vs. ≥ 80 mL/min) and pres-
ence or absence of hypertension [9]. In post hoc analyses 
of TEMPO 3:4, tolvaptan significantly (p < 0.01) reduced 
the rate of TKV growth relative to placebo across CKD 
stages 1 to 3 [13], in patients with more severe disease (i.e. 
image class 1C–E) [14] and in all albumin-to-creatinine ratio 
(ACR) subgroups (< 1.5, 1.5–2.99, 3.0–14.99 and ≥ 15.0 mg/
mmol) [15], although the treatment effect was more 

Table 2   Efficacy of oral tolvaptan in patients with ADPKD in the TEMPO 3:4 trial

Endpoints were assessed over a 3-year time frame
ADPKD autosomal dominant polycystic kidney disease, GMs geometric means, HR hazard ratio, PL placebo, TKV total kidney volume, TOL 
tolvaptan
*p ≤ 0.01, **p < 0.001 vs. PL
a The primary efficacy analysis was conducted in observed cases (842 TOL and 465 PL recipients) while secondary endpoints were evaluated in 
the intent-to-treat population
b Primary endpoint
c Composite secondary endpoint, defined as worsening renal function; clinically significant kidney pain requiring medical leave, pharmacological 
treatment or invasive intervention; worsening hypertension; and worsening albuminuria
d As measured by the reciprocal of the serum creatinine level

Endpoint [9] TOL (n = 961)a PL (n = 484)a Measures of effect (95% CI)

Mean change in TKV per year (%)b + 2.8** + 5.5 Ratio of GMs 0.97 (0.97–0.98)
No. of ADPKD events per 100 person-yearsc 44* 50 HR 0.87 (0.78–0.97)
 Worsening renal function 2** 5 HR 0.39 (0.26–0.57)
 Kidney pain 5* 7 HR 0.64 (0.47–0.89)
 Worsening hypertension 31 32
 Worsening albuminuria 8 8

Mean change in slope of renal function [(mg/mL)−1 per 
year]d

– 2.61** – 3.81 Treatment effect 1.20 (0.62–1.78)
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pronounced in patients with higher baseline albuminuria 
(p < 0.05 for interaction) [15].

The composite secondary endpoint of time to inves-
tigator-assessed clinical progression favoured tolvaptan 
over placebo, with significantly fewer ADPKD events per 
100 person-years (PY) of follow-up (Table 2) [9]. This was 
confirmed by the analysis of time to first event [hazard ratio 
(HR) 0.83; 95% CI 0.72–0.94; p = 0.005]. The outcome of 
the composite endpoint was largely driven by lower rates of 
worsening renal function and kidney pain with tolvaptan ver-
sus placebo; no treatment effects were observed for hyper-
tension or albuminuria (Table 2) [9]. A post hoc explora-
tory analysis demonstrated that tolvaptan was associated 
with a significantly (p < 0.001) lower incidence of kidney 
pain events than placebo in all subgroups defined according 
to pain severity and independent of patient characteristics 
predisposing for kidney pain [16]. The effect of tolvaptan on 
kidney pain was partly due to a reduction in the incidence 
of renal complications (e.g. urinary tract infections, kidney 
stones and haematuria) [16].

Over 3 years, tolvaptan was associated with a signifi-
cantly slower loss of renal function than placebo (as assessed 
by the change in the slope of renal function) (Table 2) [9]. 
The increase in mean serum creatinine was 0.16 mg/dL 
with tolvaptan and 0.23 mg/dL with placebo (p < 0.001). 
The annual change in the estimated glomerular filtration rate 
(eGFR) slope was – 2.72 mL/min/1.73 m2 per year in the 
tolvaptan group versus – 3.70 mL/min/1.73 m2 per year in 
the placebo group (p < 0.001) [9].

The beneficial effects of tolvaptan on renal function were 
seen in all prespecified stratification subgroups; however, 
these effects were nominally (p < 0.001) greater in patients 
with hypertension or a TKV of ≥ 1500 mL and in patients 
aged ≥ 35 years [9]. A post hoc analysis of the composite 
secondary endpoint demonstrated a significant (p < 0.05) 
effect in favour of tolvaptan in patients with stage 1 or 3 
CKD, but not in patients with stage 2 CKD [13]. Analyses of 
eGFR decline demonstrated a significant (p < 0.001) tolvap-
tan treatment effect in patients with more advanced disease 
(CKD stage 2–3) [13], in patients with more severe disease 
(image class 1C–E) [14] and in all ACR subgroups [15]. 
In additional post hoc analyses, 3 years of treatment with 
tolvaptan significantly reduced albuminuria (p < 0.001) [15], 
BP (p value not stated) (abstract [17]) and urinary excretion 
of monocyte chemotactic protein-1 (p < 0.0001) [18] relative 
to placebo.

2.1.1 � Patients with ADPKD in Japan

Tolvaptan slowed the increase in TKV relative to placebo in 
a subpopulation of patients with ADPKD in Japan (n = 177) 
from TEMPO 3:4 [19]. The mean percentage change in TKV 
per year was significantly (p < 0.001) smaller with tolvaptan 

than with placebo (+ 1.3 vs. + 5.0%). The between-group 
difference (– 3.7%) was indicative of a 75% treatment effect. 
The ratio of the geometric means of growth rate was 0.96 
(95% CI 0.95–0.98; p < 0.001) [19].

Unlike the total TEMPO 3:4 study population, tolvaptan 
did not reduce the risk of ADPKD events in the subpopula-
tion in Japan [19]. There were 41 events per 100 PY in the 
tolvaptan group and 52 events per 100 PY in the placebo 
group (HR 0.77; 95% CI 0.55–1.08). Although tolvaptan 
was associated with a significantly (p = 0.001) lower rate of 
worsening renal function than placebo (1 vs. 8 events per 
100 PY; HR 0.17; 95% CI 0.06–0.49), no treatment effects 
were observed for kidney pain, hypertension or albuminuria. 
The change in the slope of renal function favoured tolvap-
tan over placebo. The estimated slope was – 4.8 (mg/mL)−1 
per year in the tolvaptan group versus – 6.3 (mg/mL)−1 per 
year in the placebo group (p = 0.012), corresponding to a 
23% improvement in the rate of renal function decline (as 
measured by the reciprocal of serum creatinine level) [19].

2.1.2 � Longer‑Term Efficacy (TEMPO 4:4)

Tolvaptan did not demonstrate a sustained disease-modify-
ing effect on TKV over the longer term, but showed a sus-
tained beneficial effect on eGFR in TEMPO 4:4, a 2-year, 
open-label extension of TEMPO 3:4 [10]. TEMPO 4:4 
enrolled 871  patients who had successfully completed 
TEMPO 3:4 during the previous 6 months. They had an 
eGFR of ≥ 30 mL/min/1.73 m2 within 45 days prior to the 
baseline visit. All patients received tolvaptan as a 45, 60 or 
90 mg dose in the morning and a 15 or 30 mg dose ≈ 9 h 
later [10].

The change in TKV from TEMPO  3:4 baseline to 
TEMPO 4:4 month 24 (primary endpoint) was 29.9% in 
‘early-treated’ patients (i.e. those who received tolvaptan in 
TEMPO 3:4) and 31.6% in ‘delayed-treated’ patients (i.e. 
those who received placebo in TEMPO 3:4); the between-
group difference was not significant [10]. The slope of 
TKV growth during TEMPO 4:4 was 6.16% per year with 
early treatment and 4.96% per year with delayed treatment 
(p = 0.05) and did not meet the criteria for non-inferiority. 
After adjusting for imbalanced baseline characteristics and 
other confounding covariates, the TKV treatment difference 
at the end of TEMPO 4:4 increased from – 1.70 to – 4.15% 
in favour of early treatment (p = 0.04). Post hoc analyses in 
patients with more severe (i.e. image class 1C–E or with 
truncating PKD1 mutations) or more advanced (i.e. CKD 
stage 2–3) disease showed a lower TKV increase with early 
treatment [10].

With regard to the change in eGFR from TEMPO 3:4 
baseline to TEMPO 4:4 month 24 (key secondary end-
point), the nominally significant (p < 0.001) difference 
between early and delayed treatment was maintained at 
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each timepoint, reaching 3.15 mL/min/1.73 m2 at the end of 
TEMPO 4:4 [10]. The slope of eGFR during TEMPO 4:4 
was – 3.26% per year with early treatment and – 3.14% per 
year with delayed treatment (treatment difference – 0.11 mL/
min/1.73 m2; 95% CI –0.75, 0.52); this endpoint met the 
protocol predefined criterion for non-inferiority (upper limit 
of 95% CI less two-thirds of the eGFR slope difference in 
TEMPO 3:4). Post hoc analyses demonstrated that the treat-
ment effect of tolvaptan on eGFR observed at the end of 
TEMPO 3:4 was maintained during TEMPO 4:4 in patients 
with more severe or more advanced disease [10].

2.2 � In Patients with ADPKD With Later‑Stage 
Disease

2.2.1 � REPRISE

Tolvaptan was associated with a slower eGFR decline 
than placebo in patients with later-stage ADPKD, accord-
ing to the results of the REPRISE trial [11]. The trial 
included patients aged 18–55 years with a baseline eGFR 
of 25–65 mL/min/1.73 m2 and patients aged 56–65 years 
with an eGFR of 25–44 mL/min/1.73 m2 plus eGFR decline 
of > 2.0 mL/min/1.73 m2 per year. Following an 8-week 
pre-randomization period that included sequential single-
blind placebo and tolvaptan run-in phases (during which 
each patient’s ability to take tolvaptan without an acceptable 
level of side effects was assessed), patients who were able to 
tolerate tolvaptan 60 or 90 mg in the morning and 30 mg in 
the afternoon were randomized to receive tolvaptan (n = 683) 
or placebo (n = 687) for 12 months. Randomization was 
stratified by age (≤ 55 vs. > 55 years), baseline eGFR (≤ 45 
vs. > 45 mL/min/1.73 m2) and TKV (≤ 2000 vs. > 2000 mL 
vs. unknown). At baseline, most patients had stage 3a (30%), 
3b (45%) or 4 (19%) CKD. The primary endpoint was the 
change in eGFR from baseline to follow-up, with adjustment 
for the exact duration each patient was in the trial (interpo-
lated to 1 year) [11].

At 1 year, the mean change in eGFR was –2.34 mL/
min/1.73  m2 in the tolvaptan group and –3.61  mL/
min/1.73 m2 in the placebo group (difference 1.27 mL/
min/1.73 m2; 95% CI 0.86–1.68; p < 0.001) [11]. The key 
secondary endpoint of the mean slopes of the change in 
eGFR, adjusted for the duration of the trial (interpolated 
to 1 year) and the acute effect of tolvaptan, was – 3.16 mL/
min/1.73  m2 in the tolvaptan group and – 4.17  mL/
min/1.73 m2 in the placebo group (difference 1.01 mL/
min/1.73 m2; 95% CI 0.62–1.40; p < 0.001). For both the 
primary and secondary endpoints, the beneficial effects 
of tolvaptan were seen in prespecified subgroups defined 
according to sex, baseline eGFR, CKD stage (except for 
stage 2) and geographic region (USA vs. other), as well as 
in the subgroups of patients who were aged ≤ 55 years and 

who were White, but not in the smaller subgroups of patients 
who were aged > 55 years, who were non-White or who had 
stage 2 CKD [11].

2.2.2 � Patients with ADPKD in Japan

The efficacy of tolvaptan in Japanese patients with later-
stage ADPKD was not significantly different to that seen in 
Japanese patients with earlier-stage ADPKD, according to 
the results of a prospective cohort study (n = 54) [12]. All 
patients received tolvaptan 45 mg in the morning and 15 mg 
in the evening. The dosage was adjusted as tolerated, up to 
a maximum of 120 mg/day. Patients were categorized as 
earlier CKD stage (eGFR ≥ 45 mL/min/1.73 m2; n = 28) or 
later CKD stage (eGFR < 45 mL/min/1.73 m2; n = 26). The 
primary endpoints were the change in height-adjusted TKV 
(htTKV) and eGFR at 1 year. The median absolute change 
in htTKV was 75 mL/year in later CKD stage and 36 mL/
year in earlier CKD stage (p = 0.054). The corresponding 
relative changes in htTKV were 8.2 and 5.7% per year. The 
median absolute change in eGFR at 1 year was – 2.8 mL/
min/1.73 m2 in later CKD stage and – 3.3 mL/min/1.73 m2 
in earlier CKD stage. The corresponding relative changes 
in eGFR were – 9.7 and – 6.8% per year. Consistent with 
the results of the primary endpoint, baseline eGFR was not 
significantly correlated with absolute or relative change in 
eGFR. However, there was a significant (p = 0.03) negative 
correlation between baseline eGFR and absolute change in 
htTKV [12].

2.3 � Real‑Word Experience

Real-world experience has confirmed the efficacy of tolvap-
tan for the treatment of ADPKD (available as abstracts). In 
several small (n < 100) studies, the efficacy of tolvaptan was 
generally consistent with that seen in pivotal clinical trials 
[20–26]. Among patients treated with tolvaptan in the SUI-
SSE ADPKD cohort (n = 76), the median and mean changes 
from baseline in eGFR after 4 weeks of treatment were – 5.8 
and – 5.6 mL/min/1.73 m2, respectively [21]. eGFR values 
remained stable at the end of follow-up (1 year); the mean 
slope of the linear regression for eGFR was 0.005 mL/
min/1.73 m2 [21]. Patients in the larger AD(H)PKD regis-
try (n < 450) experienced increased urine volume and urine 
osmolality during treatment with tolvaptan [27]. Adherence 
to therapy was ≈ 80% and > 75% of patients reported little 
to no problems with tolvaptan therapy in everyday life [27].

A retrospective study conducted in Japan showed that 
the efficacy of tolvaptan in patients with later-stage dis-
ease was similar to that seen in patients with earlier-stage 
disease [20]. The changes from baseline in eGFR after 6, 
12 and 24 months of treatment with tolvaptan were – 2.9, 
– 4.2 and – 8.7 mL/min/1.73 m2, respectively, in patients 
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with stage 2–3b CKD (n = 14) and – 1.3, – 2.1 and – 4.8 mL/
min/1.73 m2, respectively, in patients with stage 4 CKD 
(n = 6), with no significant differences at any time point. 
The ratio of change in TKV at 12 months was also not sig-
nificantly different between patients with stage 2–3b and 
stage 4 CKD [20].

3 � Tolerability of Tolvaptan

Adverse events (AEs) were common in patients with 
ADPKD in the TEMPO  3:4 trial, occurring in 98% of 
tolvaptan recipients and 97% of placebo recipients [9]. The 
most common (> 30% incidence) AEs with tolvaptan were 
thirst (55 vs. 21% with placebo), polyuria (38 vs. 17%) and 
hypertension (32 vs. 36%). AEs related to aquaresis (e.g. 
polyuria, nocturia, polydipsia and thirst) occurred signifi-
cantly (p < 0.001) more often in the tolvaptan group than 
in the placebo group, while AEs related to ADPKD (e.g. 
kidney pain, urinary tract infection and haematuria) were 
significantly (p < 0.05) more common with placebo [9].

In TEMPO 3:4, the most common serious AEs in the 
tolvaptan group were ALT elevation (0.9 vs. 0.4% with 
placebo), AST elevation (0.9 vs. 0.4%), chest pain (0.8 vs. 
0.4%) and headache (0.5 vs. 0%) [9]. AEs leading to discon-
tinuation occurred in 15% of patients treated with tolvaptan 
and 5% of patients treated with placebo; 8% of tolvaptan 
recipients discontinued treatment as a result of aquaretic 
symptoms and 1% discontinued due to liver function abnor-
malities [9]. Tolvaptan is known to decrease uric acid clear-
ance by the kidney [7]. In TEMPO 3:4, increased serum uric 
acid levels (> 10 mg/dL) were reported in 6% of patients 
receiving tolvaptan and 2% of patients receiving placebo 
[7]. The incidence of gout as an AE was 3% in the tolvaptan 
group and 1% in the placebo group [9]. Uric acid levels 
should be assessed prior to the initiation of tolvaptan and as 
indicated during treatment [7].

AEs were also common in patients with later-stage 
ADPKD in the REPRISE trial [11]. The most common 
(> 20%) AEs during the 5-week single-blind tolvaptan 
period were polyuria (32%), thirst (29%) and nocturia 
(21%). The incidence of AEs during the 1-year double-blind 
period was 85% in the tolvaptan group and 82% in the pla-
cebo group. The incidence of serious AEs was 13% in the 
tolvaptan group and 9% in the placebo group. AEs leading 
to discontinuation occurred in 10% of tolvaptan recipients 
and 2% of placebo recipients; 2% of tolvaptan recipients 
discontinued treatment as a result of aquaretic AEs and 2% 
discontinued due to hepatic enzyme abnormalities [11].

The long-term safety profile of tolvaptan in two open-
label extension trials was generally similar to that observed 
in TEMPO 3:4 [10, 28]. In TEMPO 4:4, 92% of ‘early-
treated’ patients and 97% of ‘delayed-treated’ patients 

experienced at least one treatment-emergent AE (TEAE) 
over 24 months [10]. The incidence of serious TEAEs was 
16% with tolvaptan and 18% with placebo. TEAEs leading 
to discontinuation occurred in 5% of tolvaptan recipients 
and 15% of placebo recipients [10]. The TEMPO Extension 
Japan Trial included 135 Japanese patients who participated 
in TEMPO 3:4 (and were not eligible to enter TEMPO 4:4, 
which was conducted outside of Japan) [28]. Almost all 
(> 99%) patients experienced AEs; however, most were of 
mild severity and were observed during the first 3 months 
of treatment [28].

3.1 � Aquaretic Adverse Events

Aquaresis associated with tolvaptan may cause dehydration, 
hypovolaemia and hypernatraemia [7, 8]. In TEMPO 3:4, 
750 of 961  tolvaptan recipients reported at least one 
aquaretic AE [29]. A post hoc analysis of tolvaptan-related 
discontinuations from TEMPO 3:4 and TEMPO 4:4 dem-
onstrated that patients who discontinued tolvaptan due 
to an aquaretic AE (n = 72) were younger (mean 36.2 vs. 
38.9 years; p = 0.006), had higher baseline renal function 
(eGFR 88.2 vs. 80.9 mL/min/1.73 m2; p = 0.006) and had 
higher fasting urine osmolality (mean 554 vs. 492 mOsm/kg; 
p = 0.045) than those who reported an aquaretic AE but con-
tinued to receive tolvaptan (n = 573). Moreover, patients who 
discontinued tolvaptan due to an aquaretic AE were more 
likely to be male (57 vs. 41%; p < 0.05), were younger (mean 
36.2 vs. 40.0 years; p = 0.007), had higher baseline renal 
function (eGFR 88.2 vs. 78.7 mL/min/1.73 m2; p = 0.005), 
had lower baseline htTKV (mean 915 vs. 1032  mL/m; 
p = 0.03) and were faster to discontinue treatment (median 
96 vs. 372 days; p < 0.0001) than patients who discontinued 
tolvaptan for another (non-aquaretic) reason (n = 105) [29]. 
Potentially clinically important elevation of sodium levels 
(> 150 mmol/L) was seen in 4% of tolvaptan recipients and 
1% of placebo recipients [9]. The incidence of hypernatrae-
mia as an AE was 3% with tolvaptan and 1% with placebo 
[9].

The aquaretic effect of tolvaptan did not appear to dimin-
ish over time [10, 28]. In TEMPO 4:4, aquaretic TEAEs 
associated with long-term tolvaptan therapy included thirst 
(47% with early treatment vs. 50% with delayed treatment), 
polyuria (41 vs. 55%), nocturia (26 vs. 34%) and polydipsia 
(11 vs. 16%) [10]. The most common AEs in the TEMPO 
Extension Japan Trial were aquaretic AEs, namely thirst 
(77%), pollakiuria (57%) and polyuria (38%); almost all of 
these AEs occurred during the first 3 months of tolvaptan 
therapy [28].

To avoid dehydration, patients should be instructed to 
drink sufficient amounts of water at the first signs of thirst [7, 
8]. Tolvaptan is contraindicated in patients who are unable 
to perceive or respond to thirst [7, 8]. Patients should drink 
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1–2 glasses of water before bedtime (regardless of perceived 
thirst), replenishing fluids following each episode of noc-
turia [7]. Abnormal sodium levels should be corrected prior 
to the initiation of tolvaptan [7, 8]. If a patient develops 
abnormal sodium levels during treatment with tolvaptan or 
becomes dehydrated or hypovolaemic (and fluid intake can-
not be increased), the drug should be interrupted until serum 
sodium, hydration status and volume status are within the 
normal ranges [8].

3.2 � Hepatotoxicity

Tolvaptan has been associated with idiosyncratic hepatic 
toxicity, characterized by elevated transaminases and, rarely, 
concomitant elevations in total bilirubin [7]. The drug can 
cause serious and potentially fatal liver injury, including 
acute liver failure requiring liver transplantation [8]. Tolvap-
tan has a special warning for idiosyncratic hepatic toxicity 
in the EU [7] and carries a boxed warning for serious liver 
injury in the USA [8]. In TEMPO 3:4, ALT and AST eleva-
tions > 3 × the upper limit of normal (ULN) were observed 
in 4.4 and 3.1% of tolvaptan recipients and 1.0 and 0.8% of 
placebo recipients [7]. Potentially clinically important biliru-
bin elevations (> 1.5 × ULN) were seen in 0.9% of tolvaptan 
recipients and 1.9% of placebo recipients [9]. Two patients 
in the tolvaptan group had elevated ALT or AST enzymes 
(> 3 × ULN) with concurrent elevations in total bilirubin 
(> 2 × ULN); these abnormalities resolved after discontinu-
ation of tolvaptan [9].

In REPRISE, 74 of 681 patients (11%) patients in the 
tolvaptan group and 36 of 685 patients (5%) in the placebo 
group had hepatic AEs during the double-blind period [11]. 
Serious hepatic AEs occurred in 5% of tolvaptan recipients 
and 1% of placebo recipients. ALT elevations > 3 × ULN 
were observed in 6% of tolvaptan recipients and 1% of pla-
cebo recipients; these levels normalized following the inter-
ruption or discontinuation of tolvaptan [11].

In an interim analysis of the Canadian ADPKD patient 
registry C-MAJOR (n = 250) and hepatic safety monitor-
ing and distribution program (n = 1143), 3% of 941 patients 
receiving tolvaptan had elevated liver function tests 
(> 3 × ULN) during a mean follow-up of 64.1 weeks; how-
ever, there were no cases of drug-induced liver injury [30].

Hepatic AEs did not appear to be progressive over the 
longer term [10, 28]. In TEMPO 4:4, the incidence of ALT 
elevations > 3 × ULN in early-treated patients was similar 
to that observed in delayed-treated patients (3 vs. 4%) [10]. 
One (delayed-treated) patient in TEMPO 4:4 had an increase 
in ALT level of > 3 × ULN and a concomitant increase in 
total bilirubin of > 2 × ULN; these abnormalities resolved 
after discontinuation of tolvaptan [10]. In the TEMPO 
Extension Japan Trial, hepatic events were reported in 14 
(10%) patients, eight of whom experienced ALT or AST 

elevations > 3 × ULN [28]. These abnormalities resolved 
with (n = 6) or without (n = 2) interruption of tolvaptan [28].

In the EU, tolvaptan is contraindicated in patients with 
elevated liver enzymes and/or signs or symptoms of liver 
injury prior to initiation of treatment that meet the require-
ments for permanent discontinuation [7]. In the USA, tolvap-
tan is contraindicated in patients with a history, signs or 
symptoms of significant liver impairment or injury [8]. To 
reduce the risk of significant and/or irreversible liver injury, 
monitoring of liver transaminases and bilirubin is required 
prior to the initiation of tolvaptan and at prespecified inter-
vals during treatment [7, 8]. Administration of tolvaptan 
should be interrupted at the onset of signs or symptoms of 
hepatic injury or if abnormal liver enzymes are detected. 
The drug may be restarted upon stabilization or resolution of 
symptoms and/or laboratory abnormalities [7, 8]. In the EU, 
dosage adjustments are not required in patients with mild or 
moderate hepatic impairment (Child-Pugh classes A and B) 
[7]. However, the benefits and risks of tolvaptan should be 
evaluated carefully in patients with severe hepatic impair-
ment, and liver enzymes should be monitored regularly [7].

4 � Dosage and Administration of Tolvaptan

Tolvaptan is approved for the treatment of ADPKD in sev-
eral countries, including the USA, Canada, Japan and those 
of the EU. In the EU, tolvaptan is indicated to slow the 
progression of cyst development and renal insufficiency of 
ADPKD in adults with stage 1–4 CKD at initiation of treat-
ment with evidence of rapidly progressing disease [7]. In the 
USA, tolvaptan is indicated to slow renal function decline 
in adults at risk of rapidly progressing ADPKD [8]. The 
initial dosage of tolvaptan is 60 mg/day, administered as a 
split-dose regimen of 45 mg upon waking (≥ 30 min before 
the morning meal [7]) and 15 mg 8 h later (with or without 
food [7]) [7, 8]. The dosage is then titrated to 90 mg/day 
(60 plus 30 mg) and then to 120 mg/day (90 plus 30 mg), 
with intervals of ≥ 1 week between titrations [7, 8]. The EU 
SPC states that patients should be maintained on the highest 
tolerable dosage [7].

The efficacy and tolerability of tolvaptan in paediatric 
patients has not been established [7, 8]. In the EU, con-
traindications to tolvaptan include anuria, volume deple-
tion, hypernatraemia, pregnancy and breastfeeding [7]. In 
the USA, tolvaptan is contraindicated in patients taking 
strong CYP3A inhibitors, and in patients with uncorrected 
abnormal blood sodium levels, hypovolaemia, anuria or 
uncorrected urinary outflow obstruction [8]. Consult local 
prescribing information for detailed information regard-
ing dosage adjustments, contraindications, warnings and 
precautions, drug interactions and use in specific patient 
populations.
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5 � Place of Tolvaptan in the Management 
of ADPKD

For many years, the focus of treatment in patients with 
ADPKD has been on reducing morbidity and mortality 
associated with the manifestations of the disease [31]. 
Supportive therapies recommended to slow the rate of 
disease progression include optimization of BP, sufficient 
fluid intake, salt-reduced diets, caffeine restriction, smok-
ing cessation and the avoidance of nephrotoxic agents (e.g. 
NSAIDs) [31]. The highly selective vasopressin V2 recep-
tor antagonist tolvaptan is currently the only pharmacolog-
ical agent approved for the treatment of ADPKD. Recently 
updated Canadian guidelines recommend tolvaptan for the 
treatment of patients with ADPKD who fulfil the enrol-
ment criteria of the TEMPO 3:4 or REPRISE trials [32]. 
Experts in the USA [33] and Europe [34] have also pro-
vided evidence-based recommendations and guidance for 
the use of tolvaptan in ADPKD. The UK National Insti-
tute for Health and Care Excellence (NICE) recommends 
tolvaptan as a treatment option for adults with ADPKD 
only if they have stage 2 or 3 CKD at the initiation of treat-
ment with evidence of rapidly progressing disease [35].

Tolvaptan was initially approved in the EU to slow the 
progression of cyst development and renal insufficiency of 
ADPKD in adults with stage 1–3 CKD at the initiation of 
treatment with evidence of rapid disease progression [7]. 
This approval was based on the results of the TEMPO 3:4 
trial, in which the drug significantly slowed the increase in 
TKV over a 3-year period relative to placebo (Sect. 2.1). 
Although the change in TKV was most prominent dur-
ing the first year of treatment, possibly due to an acute 
reduction in cyst fluid secretion, the benefit of tolvaptan 
observed during years 2 and 3 was consistent with the 
inhibition of cyst-cell proliferation [9]. The composite 
secondary endpoint of time to clinical progression also 
favoured tolvaptan over placebo, an effect largely driven 
by lower rates of kidney pain and worsening renal func-
tion (Sect. 2.1).

Tolvaptan is also approved in the USA to slow renal 
function decline in adults at risk of rapidly progressing 
ADPKD [8]. The US approval was supported by data 
from TEMPO 3:4 (Sect. 2.1), as well as new data from 
the REPRISE trial (Sect. 2.2.1). REPRISE was designed 
to confirm the efficacy and tolerability of tolvaptan in 
patients with later-stage ADPKD and to address US FDA 
concerns regarding potential hepatotoxicity and missing 
data due to the high withdrawal rate in the TEMPO 3:4 
tolvaptan group [36]. REPRISE confirmed the efficacy of 
tolvaptan in slowing renal function decline (Sect. 2.2.1), 
a key secondary endpoint of TEMPO 3:4, and extended 
the results of TEMPO 3:4 to patients with more advanced 

CKD [37]. The results of the REPRISE trial also led to an 
extension of the existing EU label for tolvaptan, to include 
treatment of ADPKD in patients with stage 4 CKD [7]. In 
REPRISE, a randomized withdrawal design was used to 
enrich the trial population for patients who were able to 
tolerate tolvaptan. While this design reduced the number 
of early withdrawals (as evidenced by a 96% study com-
pletion rate in both treatment groups [11]) and permitted 
robust assessment [36], it may have limited the wide-rang-
ing applicability of the results [11].

Tolvaptan demonstrated efficacy across a broad range of 
patient subgroups, including Japanese patients (Sect. 2). Of 
note, there was a 1.5% difference in the annual rate of TKV 
growth between the overall TEMPO 3:4 trial population and 
the Japanese subpopulation (Sect. 2.1.1). While there is no 
definitive explanation for this difference, the authors suggest 
that it may be due to differences in height and bodyweight 
between the two populations [19]. Even in Japanese patients, 
the treatment effect of tolvaptan in slowing renal function 
decline in patients with later-stage ADPKD was similar to 
that in patients with earlier-stage disease (Sect. 2.2.2), as 
observed in the REPRISE trial [12].

Patients in the TEMPO 3:4 and REPRISE trials were 
advised to maintain good hydration [9, 11]. There has been 
some discussion in the literature regarding the efficacy of 
high fluid intake alone for the treatment of ADPKD, with 
preclinical and clinical trials demonstrating inconclusive 
results [38]. Additional trials are ongoing, including PRE-
VENT-ADPKD, which will investigate the long-term effi-
cacy and safety of prescribed fluid intake (to reduce urine 
osmolality to ≤ 270 mOsmol/kg) for the prevention of kidney 
failure in 180 patients with stage 1–3 CKD due to ADPKD 
[39]. However, head-to-head studies directly comparing 
tolvaptan and fluid intake alone in patients with ADPKD 
are needed. The 2-year WATSAPP trial plans to directly 
compare the efficacy of increased water intake (3–4 L/day) 
versus tolvaptan (30–90 mg as tolerated) in 1500 patients 
with ADPKD [40].

Data from real-world studies of tolvaptan in patients with 
ADPKD were generally consistent with those seen in clinical 
trials (Sect. 2.3). However, it should be noted that patient 
numbers in these studies were small. Larger-scale, long-term 
observational studies in the real-world setting would be of 
great interest.

The long-term efficacy of tolvaptan was demonstrated 
in the TEMPO 4:4 extension trial (Sect. 2.1.2). The ben-
eficial effects of tolvaptan on eGFR seen in TEMPO 3:4 
were maintained for a further 2 years. However, tolvaptan 
was not associated with sustained slowing of TKV growth 
over the longer term (Sect. 2.1.2). The absence of an overall 
effect of tolvaptan on TKV may have been due to unfore-
seen trial design limitations (e.g. loss of randomization from 
TEMPO 3:4 due to unequal distribution of withdrawals) or 
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to the larger effect of tolvaptan during the first year of treat-
ment [10]. Another contributing factor may have been the 
gender imbalance between the early- and delayed-treated 
groups at TEMPO 4:4 baseline (which further increased at 
month 24). It has been shown that males have faster TKV 
growth rates than women over time [10]. Indeed, after 
adjustment for baseline imbalances, there was a significant 
difference in favour of early treatment (Sect. 2.1.2). Nev-
ertheless, questions have been raised regarding the effect 
of tolvaptan on TKV and whether it might become neg-
ligible over many years of treatment [41]. The impact of 
tolvaptan on long-term disease progression requires further 
investigation.

Although 75% of patients receiving tolvaptan in 
TEMPO 3:4 reported that they could tolerate their current 
dose for the rest of their life [29], the potential benefits of 
tolvaptan are not without risks. AEs were common in the 
TEMPO 3:4 and REPRISE trials (Sect. 3.1). Consistent with 
its mechanism of action, tolvaptan was associated with high 
rates of aquaretic AEs. Of note, patients in earlier stages 
of disease progression appear to be more sensitive to these 
AEs. Tolvaptan also carries a special warning regarding the 
risk of hepatotoxicity (Sect. 3.2). To mitigate this risk, all 
patients receiving tolvaptan are required to undergo regu-
lar liver function testing. Two patients from TEMPO 3:4 
and one patient from TEMPO 4:4 had idiosyncratic eleva-
tions of liver enzymes which were reversible with discon-
tinuation of tolvaptan (Sect. 3.2). All three patients met 
the criteria for Hy’s law, defined as ALT > 3 × ULN and 
total bilirubin > 2 × ULN [42]. The identification of Hy’s 
law cases indicates the potential for a drug to cause liver 
injury capable of progressing to liver failure [42]. In these 
three instances where patients met Hy’s law criteria, the 
independent hepatic adjudication committee deemed the 
drug-induced liver injury was probably due to tolvaptan. 
No patients in REPRISE met the criteria for Hy’s law; this 
may have been due to more frequent monitoring and early 
interruption of therapy [11]. Potential mechanisms of tolvap-
tan-induced liver injury and biomarkers of patient suscep-
tibility are being investigated, which may help to identify 
ADPKD patients at risk of hepatotoxicity [43]. The risk 
of hepatotoxicity associated with the use of tolvaptan in a 
real-world setting is currently being evaluated in a 6-year, 
prospective, post authorization safety study [44]. Another 
post-marketing surveillance study will assess liver function 
over an 8-year period in the real-world clinical setting in 
Japan (NCT02847624) [45].

The long-term safety profile of tolvaptan in the 
extension trials was generally similar to that observed 
in TEMPO 3:4 (Sect. 3). While the aquaretic effect of 
tolvaptan did not seem to diminish over time (Sect. 3.1), 
hepatic AEs did not appear to be progressive over the 
longer term (Sect. 3.2). The long-term safety of tolvaptan 

in patients with ADPKD who participated in TEMPO 4:4 
or other tolvaptan trials is currently being investigated in 
a large (n ≈ 2500), open-label, multicentre, phase IIIb trial 
(NCT02251275) [45].

Evidence suggests that early treatment to slow ADPKD 
progression may reduce disease burden, healthcare utiliza-
tion and costs [46, 47]. In a Spanish setting, the ADPKD 
Outcomes Model (using TEMPO 3:4 baseline character-
istics) estimated that treatment with tolvaptan would pre-
vent 4% of ESRD cases, delay the mean time to ESRD by 
4.5 years and extend life expectancy by 3.7 years per patient 
[47]. Treatment with tolvaptan was also estimated to avoid 
5% of kidney transplants and reduce the mean dialysis time 
by 5 months per patient [47]. In a cost-consequence analy-
sis of 1000 ADPKD patients, tolvaptan was associated with 
lower on-treatment kidney pain-related costs [48]. Two 
weeks after tolvaptan withdrawal, monthly CKD-related 
costs were lower with tolvaptan than with placebo, indicat-
ing slower CKD progression. However, it should be noted 
that this analysis did not account for the cost of tolvaptan 
[48]. Studies investigating the cost effectiveness of tolvap-
tan in patients with ADPKD are limited. According to the 
UK NICE committee, the incremental cost-effectiveness 
ratio per quality-adjusted life-year gained under tolvaptan 
in ADPKD adults with stage 2–3 CKD was approximately 
₤23,500 [35]. The committee concluded that tolvaptan repre-
sented a cost-effective use of health system resources in this 
patient population [35]. Further robust pharmacoeconomic 
data are needed.

In conclusion, although the use of tolvaptan requires 
careful consideration and balancing of benefits and risks, 
tolvaptan provides a valuable treatment option to slow the 
progression of ADPKD in patients at risk of or with evi-
dence of rapidly progressing disease.

Data Selection Tolvaptan: 309 records identified 

Duplicates removed 91

Excluded during initial screening (e.g. press releases; 
news reports; not relevant drug/indication; preclinical 

study; reviews; case reports; not randomized trial)

121

Excluded during writing (e.g. reviews; duplicate data; 
small patient number; nonrandomized/phase I/II trials)

35

Cited efficacy/tolerability articles 23

Cited articles not efficacy/tolerability 39

Search Strategy: EMBASE, MEDLINE and PubMed from Sep-
tember 2015 to present. Previous Adis Drug Evaluation published 
in 2015 was hand-searched for relevant data. Clinical trial regis-
tries/databases and websites were also searched for relevant data. 
Key words were autosomal dominant polycystic kidney disease, 
tolvaptan, Jinarc, Jynarque, Samsca. Records were limited to 
those in English language. Searches last updated 14 January 2019
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