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Abstract: Autosomal dominant polycystic kidney disease (ADPKD) causes pathological cystic 

changes to the kidney and is characterized by numerous renal and systemic manifestations. 

ADPKD is the fourth most common renal disease requiring renal replacement therapy. In this 

report, we present a detailed review of ADPKD, with a particular focus on its major economic, 

psychological, and social burden in affected patients. Treatment of this disease has been based 

on prophylactic and supportive measures. However, in recent years, new drugs have emerged as 

promising agents that may retard the progression of ADPKD, such as tolvaptan. In this report, 

we provide an in-depth discussion of tolvaptan, which has shown an effect in decreasing annual 

total kidney volume growth and renal function decline, thus slowing disease progression. The 

mechanism of action, side effects, and available data on cost-effectiveness are discussed together 

with the results of the first clinical trials and the most recent trials with regard to its efficacy 

and safety. Tolvaptan has recently received approval and been granted marketing authorization 

in Japan, Canada, Korea, Switzerland, and Europe. A demand for widely accepted guidelines 

for its use has emerged since its approval. The currently available series of recommendations 

and guidelines as to when to start treatment with tolvaptan, as well as which patients should be 

treated, are also reviewed in this report. We lastly offer some considerations for future trials, 

and raise unanswered questions.

Keywords: autosomal dominant polycystic kidney disease, quality of life, economic burden, 

tolvaptan, tolvaptan cost-effectiveness, tolvaptan use recommendations

Introduction
Polycystic kidney disease (PKD) causes pathological cystic changes to the kidney1 

and is part of a heterogeneous group of disorders characterized by the development of 

numerous renal cysts as well as renal and systemic manifestations2 (Figures 1 and 2), 

as opposed to single or multiple simple benign renal cysts that are commonly encoun-

tered incidentally during imaging of the kidneys and adrenals. Such simple cysts tend 

to be asymptomatic because they do not enlarge the kidneys, distort normal kidney 

structure, or cause reduced renal function, unlike in PKD.1,3,4

There are two types of PKD: autosomal dominant PKD (ADPKD) and autosomal 

recessive PKD (ARPKD). ARPKD is most commonly encountered in infants and 

children and is far less common than ADPKD, which is the most common inherited 

cause of kidney disease and is our primary focus here. ADPKD affects all races and 

has no gender or age predilection. In the United States, it is estimated that ADPKD 

affects 1 in every 400 to 1,000 live births, with 5,000–6,000 new cases diagnosed each 
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year and approximately 600,000 Americans affected by the 

disease. More than 2,000 patients start renal replacement 

therapy (RRT) due to cystic kidney disease annually. ADPKD 

is, however, less prevalent in other countries, such as France 

(1 per 1,111), Wales (1 per 2,459), and Japan (1 per 4,033).2,5–7

ADPKD is a systemic disease with multiple renal and 

extra-renal manifestations. Patients with ADPKD may 

develop end-stage renal disease (ESRD) at some point in 

their lives, and ADPKD is considered the fourth most com-

mon renal disease requiring RRT.8 The mean age of onset 

of ESRD for the PKD1 variant is 54.3 years, whereas that 

for the PKD2 variant is 74 years.2 Renal manifestations are 

produced by the progressive and continuous enlargement and 

proliferation of fluid-filled cysts, leading to enlargement of 

the kidney up to five times the normal volume in the years 

prior to the development of kidney failure. Thus, total kidney 

volume is the most important predictor for the development 

of renal insufficiency and progression of ADPKD.9 It is 

important to note that, although the glomerular filtration 

rate (GFR) declines as the total kidney volume increases, 

the creatinine level only rises in advanced stages of the 

disease after the non-cystic parenchyma of the kidney has 

been irreversibly damaged. Therefore, the measurement of 

GFR does not aid in the detection of kidney damage early on 

in the disease course.10 Other renal manifestations include 

hypertension, urinary tract infection, an inability to con-

centrate urine, hematuria, renal stones, and acute or chronic 

flank and abdominal pain, either due to kidney enlargement 

or kidney stones.2,9,11–13 Moreover, kidney enlargement can 

reach a stage in which the kidney obstructs the iliac vein or 

inferior vena cava, with possible thrombus formation and 

pulmonary embolism.13

The most common extra-renal manifestation is polycystic 

liver disease (PLD).10,14 It is more common in women than in 

men. In addition, it appears earlier in women and they tend 

to have larger and more numerous cysts. Although liver cysts 

are usually asymptomatic, they may – if they grow substan-

tially – produce pressure effects and manifest as abdominal 

pain or discomfort, dyspnea, early satiety, gastroesophageal 

reflux, mechanical lower back pain, hepatic venous outflow 

obstruction, or bile duct compression presenting as obstruc-

tive jaundice. Other serious complications include cyst hem-

orrhage, infection, and torsion or rupture. Moreover, liver 

cysts are estrogen-dependent; therefore, they can be more 

problematic in women. Cysts can, furthermore, grow in the 

pancreas, seminal vesicle, arachnoid membrane, and spinal 

meninges. Other extra-renal manifestations include cere-

bral and coronary artery aneurysms, cardiac valve disease, 

colonic diverticula, abdominal wall and inguinal hernias, and 

bronchiectasis.2,10,11,14–16

The burden of this disease is considerable, which neces-

sitates conducting more research and studies to find meth-

ods to slow its progression. In the next sections, a detailed 

review of ADPKD is presented, focusing on its economic, 

psychological, and social burden on the patient. We will, in 

addition, discuss in depth the newly developed medication 

tolvaptan for the treatment of ADPKD.

Pathogenesis
Mutation spectrum
Genetic mutation plays a major role in the pathogenesis of 

most cases of ADPKD. A mutation involving the PKD1 gene 

(~85% of cases) and the PKD2 gene (~15% of cases) leads to 

cyst formation and its progressive growth.5 The PKD1 gene is 

a complex gene that is composed of 46 exons and is located 

Figure 1 Gross pathology of a polycystic kidney from an autopsy specimen of 
bilateral ADPKD. Image courtesy of CDC/Dr. edwin P. ewing, Jr. Retrieved from 
the case, courtesy of Prof. Frank Gaillard, Radiopaedia.org, rID: 9719.
Abbreviations: ADPKD, autosomal dominant polycystic kidney disease; CDC, 
Centers for Disease Control and Prevention.

Figure 2. CT of the abdomen (coronal reformats) showing enlarged kidneys with 
innumerable cysts ranging in size. There are also cysts in the liver. Retrieved from 
the case courtesy of Prof. Frank Gaillard, Radiopaedia.org, rID: 5203.
Abbreviation:  CT, computed tomography.
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on chromosome 16p13.17 The PKD2 gene is composed of 15 

exons and is located on chromosome 4q21. PKD1 as well 

as PKD2 display marked allelic heterogeneity, with approxi-

mately 200 different PKD1 and more than 50 different PKD2 

mutations described. Most of these mutations are private and 

unique to a single-family pedigree.17–19 The vast majority of 

these mutations truncate the protein, due to frame-shifting 

deletion or insertion, nonsense mutations, or splicing defects, 

but in-frame and missense (non-truncating) mutations have 

also been described.17,18 PKD1 mutations are mostly found 

in the 3’ region of the gene; however, mutations can occur 

throughout both genes.18 Recent genotype/phenotype correla-

tions for PKD1 propose that not all mutations lead to a similar 

phenotypic outcome. A study that was done in Mayo Clinic 

included 434 patients with ADPKD, of whom 221 patients 

(50.9%) had truncating PKD1, 141 patients (32.5%) had 

non-truncating PKD1, and 72 patients (16.6%) had a PKD2 

mutation. Patients with truncating PKD1 developed ESRD at 

a younger age (median age 56.5) when compared to patients 

with non-truncating PKD1 and PKD2 (median age 68.4 and 

79.4 years, respectively; all p < 0.001).20 Further, studies 

have shown that 7%–10% of ADPKD-affected families are 

genetically unresolved (GUR). Families are defined as GUR 

when no mutations of PKD1 and PKD2 can be detected from 

Sanger sequencing or multiplex ligation-dependent probe 

amplification. Approximately, 3% of GUR ADPKD-affected 

familial disease is caused by mutation in the GANAB gene 

that encodes the Glucosidase II Alpha Subunit (GIIa). This 

mutation is most likely caused by a defect in polycystin-1 

maturation.21

There has been some recent evidence suggesting that 

a threshold/dosage model best explains how cysts develop 

in ADPKD.22,23 Cytogenesis arises when the function 

of  polycystin-1 or -2 falls below a certain critical level 

( cystogenic threshold; explained in the next section). This 

may occur following a somatic mutation affecting the other 

allele (two-hit hypothesis)24,25 or other factors such as envi-

ronmental effects and renal damage.22

Mechanism of cyst formation
Mutations in PKD1 and PKD2 genes lead to loss of the nor-

mal function of the two transmembrane proteins polycystin-1 

(encoded by the PKD1 gene) and polycystin-2 (encoded by 

the PKD2 gene). Calcium-containing urinary flow in renal 

tubules stimulates polycystin-1, which in turn interacts with 

polycystin-2 and forms a complex that regulates the intracel-

lular levels of calcium and cyclic adenosine monophosphate 

(cAMP). A defect in the function of aforementioned proteins 

leads to disruption of intracellular calcium homeostasis, and 

subsequently increases the level of cAMP, which promotes 

cellular proliferation and fluid secretion in ADPKD. Addi-

tionally, polycystin-1 binds and activates G-protein–coupled 

membrane receptors that, when activated, affect the activity 

of adenylyl cyclase, which leads to an increase in intracel-

lular cAMP levels. Another route by which cell proliferation 

is induced is through the mammalian target of rapamycin 

(mTOR) pathway. Polycystin-1 indirectly upregulates the 

kinase activity of the mTOR pathway, which promotes cell 

hypertrophy, cell division, and cell survival. Understand-

ing this pathogenesis is essential to comprehending how 

pathogenesis-based therapeutics actually modulate ADPKD 

progression.7,11–13,15,23,25,26 Figure 3 illustrates key mechanisms 

by which cysts can develop in ADPKD as well as targets of 

potential treatments.

Burden of ADPKD
economic burden
It is well documented that the majority of patients with 

ADPKD will eventually develop ESRD and require RRT.27,28 

The healthcare costs and the economic burden of ESRD are 

enormous for affected individuals and for governments or pri-

vate enterprises, even in developed countries.29–32 Moreover, 

the serious health consequences of ESRD have a huge impact 

on patients emotionally, physically, and psychosocially as 

well as on their quality of life (QOL).33–35 Herein, we intend 

to elucidate the burden of ADPKD specifically on the finances 

and QOL of patients.

The incidence of ESRD caused by ADPKD differs among 

countries, varying from 4.8 (in Japan) to 7.9 (in the United 

States) and from 3.9 to 15.3 (in Europe) cases per million 

individuals per year.36 These figures may not seem striking, 

but several studies have shown that ADPKD has a high 

cost for patients and constitutes an economic burden to the 

healthcare system relative to the general population.36–39 In 

a retrospective study in a large dialysis organization in the 

United States that included 1,274 patients with ADPKD 

and aimed to quantify healthcare expenditures and costs for 

ADPKD patients with ESRD, the total healthcare costs for 

those patients were considerable – at US$4,254 per patient 

per month or US$51,048 per patient-year.37 However, the 

same study showed that the total costs for ESRD patients 

other than those with ADPKD were higher. Another study 

in the United States that reviewed the administrative records 

of a private health insurer and included 1,913 patients with 

ADPKD demonstrated that higher charges are associated 

with advanced kidney disease, as the annual medical charges 
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(unadjusted) increased from US$24,497 in patients with an 

estimated glomerular filtration rate (eGFR) greater than 90 

mL/min to US$134,784 in those with an eGFR of greater than 

15 mL/min (p < 0.0001). This suggests that strategies that 

prevent decline of renal function in patients with ADPKD 

may cause reduction in medical charges.39 In Europe, the 

European Renal Association and European Dialysis and 

Transplant Association (ERA-EDTA) estimated that, in 2010, 

approximately 50,000 patients with ADPKD were on RRT in 

the 27 EU countries, representing a high cost of €1.5 billion 

per year. This estimation did not include costs of medical care 

for outpatients or hospital admissions for complications and 

comorbidities.36

Impact on patient quality of life
The impact of the disease does not end at the financial burden 

to patients; in addition, it greatly affects QOL of patients, 

even for those who do not reach ESRD.40–44 In Sao Paulo, 

Brazil, in a study that attempted to evaluate the frequency of 

anxiety and depression, and QOL in patients with ADPKD, 

38 patients with ADPKD completed the questionnaires of 

the State Trait Anxiety Inventory (STAI), Beck Depression 

Inventory (BDI), and QOL-Short-Form SF-36, and were 

also assigned for interviews. The results demonstrated that 

60% of those patients had depression, a mild level of state 

anxiety and a moderate level of trait anxiety, and they also 

had low scores for functional capacity, pain, and physical 

Figure 3 Schematic illustration of the key mechanisms of ADPKD pathogenesis and targets of potential treatments. Polycystin-1 and -2 expressed in different subcellular locations 
and regulate (1) proliferation, (2) fluid secretion, (3) ciliary function, (4) cell–cell adhesion, and (5) cell–matrix interaction of renal epithelial cells. Dysfunction of polycystin-1 or 
-2 results in aberrant signaling pathways including: (A) activation of cAMP, (B) decreased intracellular calcium concentrations, and (C) activation of mTOR. These changes lead 
to transformation of normal cells to a “cystic phenotype” and promote cyst formation. The targets of candidate drugs are depicted as blue boxes. Reproduced with permission 
from Chang MY, Ong AC. New treatments for autosomal dominant polycystic kidney disease. Br J Clin Pharmacol. 2013;76(4):524–535. © 2013 The Authors. British Journal of 
Clinical Pharmacology © 2013 The British Pharmacological Society.26

Abbreviations: ADPKD, autosomal dominant polycystic kidney disease; cAMP, cyclic adenosine monophosphate; CFTR, cystic fibrosis transmembrane regulator; ER, 
endoplasmic reticulum; eRK, extracellular-signal regulated kinase; GlcCer, glucosylceramide; HDAC, histone deacetylase; IL-6R, interleukin-6 receptor; MeK, mitogen-
activated protein kinase; mTOR, the mammalian target of rapamycin; PC, polycystin; PDe, phosphodiesterase; PKA, protein kinase A; SR, somatostatin receptor; TSC, 
tuberous sclerosis; v2R, vasopressin v2 receptor. 
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and mental health. Although the impact of ADPKD and its 

comorbidities seems severe in those patients, it is important 

to note that some patients had low levels of schooling and 

low economic status, which was associated with higher 

scores of trait anxiety. Therefore, these factors may have had 

an impact on their QOL. Furthermore, the sample size was 

relatively small, which may limit the broad adoption of their 

results.40 However, another study of 1,043 patients specified 

that patients with a low eGFR of 20–44 mL/min/1.73 m2 

were significantly more likely to report pain that impacts their 

daily lives, and they had lower SF-36 scores than patients 

with an eGFR of more than 45 mL/min/1.73 m2.35 This find-

ing is also supported by a thematic synthesis of 21 studies 

from six countries (Australia, Canada, Germany, Sweden, 

United Kingdom, and United States) which reported that the 

unpredictable onset of pain impacts daily lives of patients 

with ADPKD and prevents them from establishing long-term 

life goals. Moreover, patients carried the burden of guilt 

and shame of having the disease and transferring it to their 

children, isolated themselves, and were in a state of constant 

worry as they were more conscious of their mortality. Several 

patients decided to seize opportunities because the future was 

uncertain for them. For other patients, ADPKD meant facing 

probable discrimination with employers or in obtaining health 

insurance even before they developed symptoms.41

It is notable that previous studies used the non–ADPKD-

specific SF-36 QOL questionnaire exclusively or in addition 

to other questionnaires that are not specific for ADPKD; thus, 

results may not have reflected an accurate picture of the bur-

den of the disease. Therefore, certain studies have designed 

specific questionnaires to capture a wider spectrum of QOL 

issues.42,44 In one study that included 158 patients registered 

at the Sheffield Kidney Institute in the United Kingdom who 

had chronic kidney disease (CKD) but were not on RRT, 

the authors used both validated and novel instruments: a 

kidney disease quality-of-life short form (KDQOL SF1.3), 

a nine-item patient health questionnaire (PHQ9), a multidi-

mensional scale of perceived social support (MSPSS), and a 

novel genetic psychosocial risk instrument (GPRI-ADPKD) 

designed to address the specific psychosocial effects of liv-

ing with ADPKD. The results revealed that patients with a 

lower eGFR (< 30 mL/min) or larger kidneys (mean length 

on ultrasound ≥ 17 cm) displayed reduced QOL and increased 

psychosocial risks. In addition, 62% of patients felt guilty 

about transferring ADPKD to their children, and clinically 

significant depression was reported in 22% of patients. 

Patients with lower eGFR and large kidneys were significantly 

more likely to score lower in physical functioning, general 

health, sexual function, and vitality (energy/fatigue).42 

Another prospective study in Japan used both the SF-36 and 

a novel 12-item questionnaire. This study involved a total of 

219 patients, of whom 108 were on dialysis, and reported a 

similar trend. The physical component summary score (PCS), 

mental component summary score (MCS), and role/social 

component summary score (RCS) of the SF-36 questionnaire 

of all patients were markedly lower than mean scores for the 

Japanese population. Furthermore, hemoglobin level, serum 

albumin level, ascites, and cerebrovascular disease all had a 

notable impact on the PCS; mental disease had a significant 

influence on the MCS; and serum albumin, which reflects 

liver function and renal function and, therefore, patients’ 

lifestyle, significantly influenced the RCS. Overall, ADPKD 

symptoms and complications (pain, sleep disturbances, heart-

burn, fever, gross hematuria, and anorexia) were all found 

to affect QOL.44 This finding should prompt us to address 

the disease with more than just attempts to develop new 

medications. Furthermore, awareness campaigns, support 

groups, and educational programs should play a role in the 

management of patients with ADPKD.

Tolvaptan as a new treatment for ADPKD
Conventionally, treatment measures for ADPKD have been 

nonspecific, such as controlling pain and hypertension, bed 

rest, and supportive therapy. In other words, treatment is 

based on prophylactic and supportive measures.2,27,45 As dis-

cussed earlier, the burdens of ADPKD and RRT are serious 

and should not be disregarded. For this reason, there have 

been attempts to develop medications to slow the progres-

sion of the disease and to reduce the requirement for RRT. 

Recently, several trials have described several medications 

that could possibly halt or slow the progression of the disease. 

These medications include mTOR inhibitors and somatostatin 

analogs, which have conflicting evidence and limited safety 

and efficacy data.2,13,26,27,45 Tolvaptan, which is our main focus, 

has been introduced by several studies as a promising agent. 

This drug is discussed in detail in the following sections. In 

addition, there are a number of proposed agents that are still 

in the preclinical study phase.2,26 It should be borne in mind 

that even with the introduction of new treatments, ADPKD 

remains incurable and patients should be treated holisti-

cally considering their other issues, such as psychosocial 

complications.

Mechanism of action of tolvaptan
Tolvaptan acts as a selective arginine vasopressin V

2
 recep-

tor antagonist. Arginine vasopressin (antidiuretic hormone) 

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of Nephrology and Renovascular Disease 2018:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

58

Barnawi et al

is a neuropeptide hormone produced by the hypothalamus 

and secreted into systemic circulation by the posterior 

pituitary gland. There are three primary types of vasopres-

sin receptors – V
1A

, V
1B

, and V
2
 – which are responsible 

for vasoconstriction, platelet aggregation, glycogenolysis, 

adrenocorticotropic hormone release by the anterior pituitary 

gland, osmoregulation, and body fluid regulation. Here, 

we are concerned with V
2
 receptors, which are located in 

the renal collecting ducts and, when bound and stimulated 

by vasopressin – which is continuously present in the sys-

temic circulation, likely at a higher level in patients with 

ADPKD46 – increase cAMP and subsequently lead to the 

upregulation of aquaporin-2 channels and increased water 

reabsorption. The affinity of V
2 
receptors for tolvaptan is 1.8 

times the affinity for native vasopressin. Thus, when tolvaptan 

is administered, it antagonizes the action of vasopressin in the 

collecting ducts and leads to aquaresis, fluid loss, increased 

osmolality of the urine, and increased serum sodium levels. 

Moreover, tolvaptan leads to a decrease in cAMP, resulting in 

a reduced rate of kidney cyst cell proliferation and increased/

enhanced fluid secretion, as discussed previously.7

Tolvaptan is protein bound (99%), orally active (with 40% 

oral bioavailability), and is minimally affected by food. It is 

metabolized by cytochrome P450 isoenzyme 3A4 (CYP3A4) 

and excreted from the body along with fecal matter, with an 

elimination half-life of 12 hours. As tolvaptan is a sensitive 

substrate for CYP3A4, and both a substrate and a competi-

tive inhibitor of P glycoprotein (P-gp), there are significant 

drug–drug interactions related to its use. Therefore, it is 

contraindicated in patients using strong CYP3A4 inhibi-

tors, recommended not to be used with moderate CYP3A4 

inhibitors, and should be used cautiously with P-gp inhibitors. 

Further, tolvaptan is not recommended for use if the creati-

nine clearance is less than 10 mL/minute or if the patient is 

not responsive to the medication and is anuric.7

Clinical trials on the safety and efficacy of 
tolvaptan
There have been many phase II clinical trials but only one 

phase III trial investigating the efficacy of tolvaptan in 

ADPKD.7 Table 1 summarizes the findings of the clinical 

studies of tolvaptan for ADPKD.

The Tolvaptan Efficacy and Safety in Management of 

Autosomal Dominant Polycystic Kidney Disease and Its 

Outcomes (TEMPO) 2:4 phase II clinical trial47 used data 

from earlier studies that described safety, tolerability, and 

dosing strategies and applied them to a large population.7 

This study was a 3-year, multicenter, open-label study that 

included 63 (46 North American and 17 Japanese) subjects 

with ADPKD, randomly matched 1:2 to historical controls 

from the Consortium of Radiologic Imaging Study of PKD 

and the Modification of Diet in Renal Disease studies. The 

primary objective was to assess the long-term safety and 

tolerability of tolvaptan, and the secondary objective was to 

acquire pilot efficacy data. The study prespecified primary 

endpoint was the rate of change in total kidney volume (TKV) 

over 3 years in subjects and controls, and the secondary end-

point was the rate of change in eGFR. In total, 81% of the 

subjects (51 patients) completed the 3 years of tolvaptan treat-

ment, and 19% (12 patients) withdrew from the study; 50% 

of those who withdrew (six patients) did so due to adverse 

events, which included thirst, polyuria, hyperuricemia, and 

increased creatinine concentration (acute kidney injury). The 

results of TEMPO 2:4 showed that the annual TKV growth in 

tolvaptan-treated subjects was 1.7%, whereas the annual TKV 

growth in controls was 5.8% (p < 0.001). This represents a 

70% slower growth rate per year in tolvaptan-treated patients. 

Moreover, tolvaptan decreased the rate of decline in eGFR 

compared with controls (−0.71 vs −2.1 mL/min/1.73 m2 per 

year, p = 0.01). This study was limited by the small number 

of patients and unmatched ethnicities between subjects and 

controls.47

The phase III clinical trial TEMPO 3:4 was a multicenter, 

double-blinded, placebo-controlled, 3-year trial that aimed to 

evaluate the safety and efficacy of tolvaptan in slowing the pro-

gression of ADPKD. In the study, 1,445 patients with ADPKD 

were assigned in a 2:1 ratio at 129 sites worldwide to receive 

a split (morning and night) daily dose (ranging from 90 to 

120 mg) of tolvaptan. Patient ages ranged from 18 to 50 years, 

TKV was 750 mL or more, and estimated creatinine clearance 

was 60 mL/min or more. The study primary endpoint was the 

annual rate of change in TKV, and the secondary endpoint was 

composite and included time to clinical progression (defined 

as worsening kidney function, kidney pain, hypertension, and 

albuminuria) and rate of decline in kidney function. Overall, 

1,157 patients (80.1%) completed the trial (77% of tolvaptan-

treated patients and 86.2% of the placebo group). Findings of 

this study at 3 years correlated with the results of the phase II 

study and showed that tolvaptan-treated patients had a lower 

annual increase in TKV (2.8% per year) in comparison with 

the placebo group (5.5% per year), and they also had a slower 

annual decline in kidney function (assessed by means of the 

reciprocal of the serum creatinine level) with a slope of −2.61 

(mg/mL)-1/year in comparison with −3.81 (mg/mL)-1/year in 

controls. Moreover, the composite endpoint favored tolvaptan 

over placebo as it showed fewer ADPKD-related events per 

100 person-years of follow-up (44 vs 50 events). The discon-

tinuation rate was higher in the tolvaptan group (23%) than in 
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Table 1 Summary of clinical trials of tolvaptan for autosomal dominant polycystic kidney disease.

Population Endpoint(s) Study 
duration

Major findings

TeMPO 2:4 study
Sample size (n): 46 
North American and 17 
Japanese patients with 
ADPKD.

TKv and eGFR changing.
Long-term safety and 
tolerability. 

3 years For hematologic, urinalysis, or electrocardiogram assessment, no safety 
concerns were detected.
The annual TKv growth in tolvaptan-treated subjects was 1.7%, 
whereas the annual TKv growth in controls was 5.8% (p < 0.001).
Tolvaptan also decreased the rate of decline in eGFR compared with 
controls (-0.71 vs -2.1 mL/min/1.73 m2 per year, p = 0.01).

TeMPO 3:4 study
Sample size (n): 1,445 
patients with ADPKD in 
early stage with risk of 
rapid progression.*

The rate of TKv change 
annually.
Clinical progression of 
ADPKD over time.

3 years Increase in TKv was 2.8% per year in the tolvaptan group, compared 
with 5.5% per year in the placebo group.
Patients on tolvaptan experienced less ADPKD-related symptoms 
(renal function and kidney pain measures) in comparison with the 
placebo group (44 vs 50 events per 100 person-years).
Tolvaptan decreased renal function deterioration by -1.20 mg/mL 
per year.

Sample size (n): 27 
patients with ADPKD 
with eGFR between 
18–148 mL/min/1.73 m2.

Tolvaptan short-term 
safety, efficacy, and renal 
hemodynamic effects.

3 weeks Urine osmolality was low and not associated with eGFR, but patients 
with lower eGFR have experienced less changes in 24-hour urine 
volume and osmolality (p = 0.001 and p < 0.001, respectively). 
Fractional free-water clearance was elevated in patients with lower 
eGFR (p < 0.001).

Post hoc analysis of data 
from the TeMPO 3:4
Sample size (n): 1,445 
patients with ADPKD.

The efficacy of tolvaptan in 
decreasing the rate of TKv 
growth in patients with 
ADPKD with baseline CKD 
stages 1, 2, and 3.

3 years The annual TKv growth was decreased by 1.99% for CKD1, 3.12% for 
CKD2, and 2.61% for CKD3 in patient taking tolvaptan (all p < 0.001).
eGFR decline was decreased in patients taking tolvaptan by 0.40 in 
CKD1 (p = 0.23), 1.13 in CKD2 (p < 0.001) and 1.66 mL/min/1.73 m2 
per year in CKD3 (p < 0.001).

Post hoc analysis of data 
from TeMPO 3:4 of
Sample size (n):
1,375 patients with 
ADPKD with baseline 
albuminuria information.

The effectiveness of 
tolvaptan on albuminuria.

3 years ACR was decreased in the tolvaptan group during the 3-year trial 
whereas it increased in the placebo group (-0.40 mg/mmol vs +0.23 
mg/mmol). The difference reached a maximum of 24% at the end of 
the third year (p < 0.001) and, after withdrawal of tolvaptan, this effect 
remained. This suggests that tolvaptan provided structural benefits to 
the kidney. In higher baseline ACR patients, TKv growth and eGFR 
deterioration were more readily detected. 

TeMPO 4:4
Sample size (n):
871 patients with 
ADPKD of those who 
completed TeMPO 3:4.

Change in TKv and eGFR 
from TeMPO 3:4 baseline 
to TeMPO 4:4 Month 24 
in early- vs delayed-treated 
subjects.

2 years TKv increased by 29.9% in early- vs 31.6% in delayed-treated subjects 
(p = 0.38). This shows that there was no sustained beneficial difference 
in early- vs delayed-treated subjects similar to that observed at the end 
of TeMPO 3:4.
effect of tolvaptan in slowing eGFR decline was maintained for 2 more 
years in TeMPO 4:4 (3.15 mL/min/1.73 m2, p < 0.001).
eGFR slopes of early-treated subjects were non-inferior to those of 
delayed-treated subjects, but TKv slopes failed to show such non-
inferiority.

Tolvaptan in later stage 
ADPKD phase IIIb trial
Sample size (n):
1,370 patients with 
ADPKD and advanced-
stage CKD (late CKD2 
to early CKD4)

Change in eGFR from 
baseline (before tolvaptan or 
placebo administration) to 
1 year.
The slope of the change in 
the eGFR at 1 year.

1 year Tolvaptan slowed the progressive renal function loss at advanced CKD 
stages. The change in eGFR from baseline in tolvaptan group was -2.34 
mL/minute/1.73 m2 (95% CI, -2.81 to -1.87), compared to -3.61 mL/
min/1.73 m2 (95% CI, -4.08 to -3.14) in the placebo group (difference, 
1.27 mL/min/ 1.73 m2; 95% CI, 0.86 to 1.68; p < 0.001). 
At 1 year, the mean slopes of the change in eGFR were -3.16±0.14 
mL/minute/1.73 m2 (95% CI, -3.43 to -2.89) in the tolvaptan group,  
compared to -4.17±0.14 mL/minute/1.73 m2 (95% CI, -4.45 to -3.89) 
in the placebo group (difference, 1.01 mL/minute/1.73 m2; 95% CI, 0.62 
to 1.40; p < 0.001).

Note: *(CrCl > 60 mL/min and TKv ≥ 750 mL).
Abbreviations: ACR, albumin–creatinine ratio; ADPKD, autosomal dominant polycystic kidney disease; CKD: chronic kidney disease; CI, confidence interval; CrCl, 
creatinine clearance; eGFR, estimated glomerular filtration rate; TEMPO, Tolvaptan Efficacy and safety in Management of autosomal dominant Polycystic kidney disease and 
its Outcomes; TKv, total kidney volume.

the placebo group (13.8%), and more discontinuations were 

attributed to adverse events in the tolvaptan group (15.4%) 

than in the placebo group (5%). Although both groups had 

similar rates of adverse events, patients treated with tolvaptan 

had more adverse events related to aquaresis (thirst, polyuria, 

nocturia, and polydipsia), whereas patients who received pla-

cebo had more ADPKD-related adverse events (kidney pain, 

hematuria, urinary tract infection, and back pain). Moreover, it 
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is important to mention that the tolvaptan group had a greater 

frequency of elevation of liver-enzyme levels, which caused 

12 patients to permanently discontinue the medication. There-

fore, liver enzymes levels require monitoring in recipients of 

tolvaptan, along with uric acid and sodium levels. One impor-

tant limitation of this study was that all patients were asked 

to increase hydration and avoid dehydration. This instruction 

may have led to underestimation of the beneficial effect of 

tolvaptan due to the suppression of vasopressin levels in the 

placebo group, resulting in lower rates of kidney growth.48

In light of the previous trials, Boertien et al49 attempted, 

in a clinical trial, to study the short-term effects of tolvaptan 

at varying levels of kidney function in patients with ADPKD 

as well as whether the pharmacodynamic efficacy is depen-

dent on baseline GFR. The authors recruited 29 patients with 

ADPKD aged between 18 and 70 years and with measured 

GFRs (mGFR) between 18 and 148 mL/min and gave them 

increasing dosages of tolvaptan over 3 weeks (60, 90, and 

120 mg/day in weeks 1, 2, and 3, respectively). At 3 weeks, 

27 patients completed the study, and tolvaptan, as has been 

described in previous studies, led to an increase in urinary 

volume and free-water clearance and a decrease in urine osmo-

lality, TKV, and kidney injury marker levels. However, patients 

with lower baseline mGFR showed decreased responses to 

tolvaptan for TKV, urinary volume, and osmolality but more 

distinct responses for fractional free-water clearance, sug-

gesting that they responded more to tolvaptan per functioning 

nephron. The authors suggested that the lower responses for 

TKV, urinary volume, and urinary osmolality in those patients 

were not due to decreased sensitivity to tolvaptan but, rather, 

due to less functioning kidney mass or structural abnormalities 

in the kidney. In conclusion, this study reported that ADPKD 

patients with decreased kidney function may benefit from 

long-term treatment with tolvaptan, as has been observed 

for patients with relatively preserved GFRs. Nevertheless, 

the study was limited by its small sample size and a lack of 

controls; therefore, the results should be supported by long-

term, large-scale, randomized controlled trials.49

Fortunately, 2 years after the Boertien et al study was 

published, a post hoc analysis of the data from the TEMPO 

3:4 study also reported that tolvaptan was equally effective in 

reducing the rate of TKV growth in patients with ADPKD who 

had CKD stages 1, 2, and 3 at baseline. Tolvaptan reduced the 

annual TKV growth by 1.99% for CKD1, 3.12% for CKD2, 

and 2.61% for CKD3 (all p < 0.001) and reduced eGFR 

decline by 0.40 in CKD1 (p = 0.23), 1.13 in CKD2 (p < 0.001), 

and 1.66 mL/min/1.73 m2/year in CKD3 (p < 0.001) patients. 

This change was not accompanied by an increase in the 

frequency of adverse events in advanced stages, except for 

an increased frequency of hypernatremia in CKD3.50 These 

results are promising for patients with ADPKD.

Recently, the phase IIIb, multicenter, randomized-with-

drawal, placebo-controlled, double-blinded, parallel-group 

trial to specifically determine the efficacy and safety of 

tolvaptan in patients with ADPKD and advanced-stage CKD 

(late CKD2 to early CKD4) has been published. In this study, 

1,370 patients with ADPKD who were either 18 to 55 years 

old with eGFR of 25 to 65 ml/minute/1.73 m2 or 56 to 65 years 

old with eGFR of 25 to 44 ml/minute/1.73 m2 were randomly 

assigned in a 1:1 ratio to receive tolvaptan (683 patients) or 

placebo (687 patients) for 12 months. The primary end point 

was the change in eGFR from baseline (before administration 

of tolvaptan or placebo) to 1 year, which is the trial comple-

tion period, and the secondary end point was the slope of the 

change in the eGFR at 1 year. Hepatic safety of the drug was 

also monitored during the study. Supporting the evidence of 

positive effect of tolvaptan from the Boertien et al study,49 

results showed that at advanced CKD stages, tolvaptan slowed 

the progressive renal function loss. The change in eGFR from 

baseline in tolvaptan group was −2.34 mL/minute/1.73 m2 

(95% confidence interval [CI], −2.81 to −1.87), compared to 

−3.61 mL/min/1.73 m2 (95% CI, −4.08 to −3.14) in the pla-

cebo group (difference, 1.27 mL/min/ 1.73 m2; 95% CI, 0.86 

to 1.68; P<0.001). At 1 year, the mean slopes of the change in 

eGFR were −3.16±0.14 mL/minute/1.73 m2 (95% CI, −3.43 to 

−2.89) in the tolvaptan group, compared to −4.17±0.14 mL/

minute/1.73 m2 (95% CI, −4.45 to −3.89) in the placebo group 

(difference, 1.01 mL/minute/1.73 m2; 95% CI, 0.62 to 1.40; 

P<0.001). Safety profile in this trial did not differ from that 

observed in TEMPO 3:4. Elevations in hepatic transaminase 

3 times upper the normal limit occurred in 5.6% of tolvaptan 

group compared to 1.2% of placebo group, however, enzyme 

levels reversed to normal after discontinuing the treatment. 

Also, no elevations in bilirubin levels to twice the upper limit 

of the normal range was noted. Adverse events caused 9.5% of 

tolvaptan group to discontinue the trial, compared to 2.2% of 

placebo group. This includes aquaresis-related adverse events 

which led 2.1% of tolvaptan group to discontinue versus .1% 

in placebo group and hepatic enzymes-related adverse events 

which led 1.6% of tolvaptan group to discontinue versus 

0.1% of placebo group.51 One limitation of this trial is that it 

did not study whether the effect of tolvaptan on eGFR was 

accompanied by a parallel effect on TKV. Also, the effect of 

treatment at 1-year remains elusive on the long term. Never-

theless, this information can be obtained from Torres et al 

post hoc analysis.50
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Another post hoc analysis of data from TEMPO 3:4 of 

patients with ADPKD who had baseline information on 

albuminuria (n = 1375) also delivered promising findings 

with regard to the efficacy of tolvaptan. The results of the 

analysis showed that patients with higher baseline albumin-

uria – expressed as albumin–creatinine ratio (ACR) – had 

higher blood pressure and TKV and lower eGFR and, during 

follow-up, those with higher baseline ACR had a more rapid 

eGFR decline but no association with the rate of TKV growth. 

Tolvaptan treatment significantly decreased the ACR during 

the 3-year trial, whereas it increased in the placebo group 

(−0.40 mg/mmol vs +0.23 mg/mmol). The difference reached 

a maximum of 24% at the end of the third year (p < 0.001), 

and this effect remained after the withdrawal of tolvaptan. This 

finding suggests that tolvaptan provided structural benefits to 

the kidney. The beneficial effect of tolvaptan on TKV growth 

and eGFR loss was more readily detected in patients with 

higher baseline ACR. These findings are contrary to what the 

original TEMPO 3:4 trial reported – that tolvaptan had no effect 

compared with placebo on albuminuria – likely because albu-

minuria was classified categorically as “albuminuria events” 

instead of on a continuous scale, which may have resulted in 

a loss of sensitivity to detect treatment-induced changes.52

The series of clinical trials has not ended, as tolvaptan 

has offered hope for patients with ADPKD for delaying dis-

ease progression. Patience is required, however, as ADPKD 

is a slowly progressive disease, and long-term efficacy and 

safety will take some time to prove. To this end, a multicenter, 

open-label, extension study to TEMPO 3:4 (TEMPO 4:4) was 

recently published. This study was designed to provide an 

additional 2 years of data on the long-term efficacy and safety 

of oral tolvaptan tablet regimens in subjects with ADPKD 

who completed the TEMPO 3:4 trial; 871 (60.3%) of the 

1,445 TEMPO 3:4 subjects enrolled in this study, of whom 

557 (58.0%) were previously on tolvaptan (early-treatment 

group) and 314 (64.9%) were previously on prior placebo 

(delayed-treatment group). Subjects were given daily split-

dose regimens of 45/15, 60/30, or 90/30 mg on waking and 9 

hours later. The primary endpoint was the change in TKV from 

TEMPO 3:4 baseline to TEMPO 4:4 at Month 24 in early- vs 

delayed-treated subjects, and secondary endpoints included 

changes in eGFR from TEMPO 3:4 baseline to TEMPO 4:4 

Month 24 and TKV and eGFR slopes during TEMPO 4:4 in 

early- and delayed-treatment subjects. Overall, 763 subjects 

completed the 24-month period of tolvaptan treatment (507 

early-treated subjects and 256 delayed-treatment subjects). 

Results showed that the primary endpoint was not achieved. 

TEMPO 4:4 did not show preservation of TKV beneficial 

difference between early vs delayed groups observed at the 

end of TEMPO 3:4, as TKV increased by 29.9% in early 

vs 31.6% in delayed-treatment subjects (p = .38). On the 

contrary, results showed that the key secondary endpoint 

– that is, change in eGFR from baseline to TEMPO 4:4 

Month 24 – was achieved. The effect of tolvaptan in slowing 

eGFR decline was maintained for 2 more years in TEMPO 

4:4 (3.15 mL/min/1.73 m2, p < 0.001). Moreover, eGFR 

slopes of early-treated subjects were non-inferior to those 

of delayed-treatment subjects, but TKV growth slopes failed 

to show such non-inferiority. Generally, the safety profile of 

tolvaptan in TEMPO 4:4 was similar to that of tolvaptan in 

TEMPO 3:4; 108 subjects withdrew from the study mostly 

due to adverse events (n=51; 16 early-treated subjects and 35 

delayed-treated subjects). Aquaretic adverse events were the 

most common and occurred more frequently in the delayed-

treatment group. Elevations in transaminase three times upper 

the normal limit occurred in 3.8% of delayed-treated vs 2.5% 

of early-treated subjects. This is similar to the rates observed 

in TEMPO 3:4, where such elevations occurred in 4.2% of 

tolvaptan-treated vs 1.6% of placebo-treated subjects. While 

the TKV endpoint did not reach its prespecified threshold 

for proof of disease-modifying effect, unlike the eGFR 

endpoint, this may be attributed to unforeseen limitations 

when the trial was designed, such as loss of randomization 

and baseline imbalances after TEMPO 3:4. It is important 

to mention that a post hoc analysis of data from TEMPO 4:4 

showed that there is a possible relationship between genotype 

and response to tolvaptan. Subjects with truncating PKD1 

mutation preserved tolvaptan treatment effect on both eGFR 

and TKV, contrary to a small number of subjects with non-

truncating PKD1 mutation or PKD2 mutation who showed 

no significant effect on TKV at the end of TEMPO 3:4 and 

TEMPO 4:4. Similarly, subjects with CKD2–3 maintained 

the tolvaptan effect of eGFR and TKV in TEMPO 4:4, but 

those with CKD1 did not.53

Side effects
One of the reasons that tolvaptan has not yet been approved 

by some authorities as a treatment for ADPKD is its side 

effects. Serious adverse events were reported in the TEMPO 

trial, including a rise in serum alanine transaminase levels to 

2.5 times the upper limit of the normal range, which occurred 

more frequently in those who received tolvaptan than in those 

who received placebo (4.9% vs 1.2%, respectively). Two of 

the patients who received tolvaptan had significant concur-

rent increases in the alanine aminotransferase or aspartate 

aminotransferase levels (greater than three times the upper 
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limit of the normal range) and the bilirubin level (greater than 

two times the upper limit of the normal range), indicating 

that tolvaptan could lead to serious liver damage. However, 

for those two patients and for all the others, all abnormalities 

resolved spontaneously and returned to the baseline after the 

cessation of tolvaptan.48,54 Although hepatocellular damage 

following tolvaptan treatment was infrequent and reversible, 

the risk of potentially irreversible injury remains. For that 

reason, the US Food and Drug Administration (FDA) issued 

a statement55 warning about that risk and recommending that 

healthcare providers conduct liver tests promptly in tolvaptan-

receiving patients who complain of symptoms indicating liver 

injury, and tolvaptan should promptly be discontinued. Other 

side effects included chest pain (0.8% in tolvaptan group vs 

0.4% in placebo) and headache (0.5% in tolvaptan vs none in 

placebo), and the aquaretic side effects. In addition, certain 

electrolyte imbalances were documented in the trial, such as 

an increase in mean serum sodium levels to clinically signifi-

cant levels (defined as a level greater than 150 mmol/L) in 

4% of tolvaptan-treated subjects vs 1.4% in placebo, and an 

increase in uric acid levels and in frequency of gout of 2.9% 

in tolvaptan-treated subjects vs 1.4% in placebo.

Cost effectiveness
Data on the cost effectiveness of tolvaptan are very limited. 

Erickson et al,56 however, developed a decision–analytic 

model to study the cost effectiveness of tolvaptan for slowing 

the progression of ADPKD. They compared a case in which 

patients with ADPKD receive tolvaptan for life – assuming its 

clinical benefit persists for life – until their death, the devel-

opment of ESRD or liver complications, to a case in which 

these patients received standard care. Measured outcomes 

included median age at onset of ESRD, life expectancy, and 

discounted quality-adjusted life years (QALYs). Results 

showed that tolvaptan therapy in 40-year-old men and women 

with ADPKD with an eGFR of 80 mL/min/1.73 m2 would 

prolong the median age of ESRD onset by 6.3 years in women 

and 6.8 years in men, increase life expectancy by 2.8 years 

in women and 2.3 years in men, and yield an increase of 1.2 

discounted QALYs in women and 1.1 discounted QALYs 

in men. This finding suggests a remarkable health benefit if 

tolvaptan effectiveness can actually be sustained, as it would 

delay RRT and its huge cost, loss of QOL, and death associ-

ated with ESRD. The benefits, however, would come at a very 

high cost, US$5,760 per month and US$744,100 per QALY 

gained, compared to standard care, which is seven times 

the standard willingness-to-pay “WTP” threshold, which 

ranges from US$50,000–US$100,000 per QALY gained.57 

These costs include medication, laboratory, and clinical 

follow-up. These results clearly showed that tolvaptan was 

not cost effective.

The cost, furthermore, depended on the eGFR at the time 

of initiation of tolvaptan and the rate of eGFR decline. The 

cost in 40-year-olds with an eGFR of 75 mL/min/1.73 m2 

would be 16% lower (US$626,938 per QALY) than in 

40-year-olds with an eGFR of 80 mL/min/1.73 m2. However, 

if tolvaptan was given to patients with slower rates of eGFR 

decline, it would cost US$1,215,200 per QALY gained – 

meaning that it would be less cost effective. Therefore, for 

tolvaptan to be cost effective and to meet a US$100,000 WTP 

threshold per QALY gained, cost would have to be reduced 

94% to US$1,155 per month. Moreover, tolvaptan should be 

used exclusively in patients with ADPKD at a greater risk for 

a rapid decline in kidney function. Limitations of this study 

include the assumption of the sustainability of tolvaptan 

effectiveness observed in the TEMPO trial for life, and not 

modeling the costs of possible liver injury from tolvaptan or 

the indirect costs, such as those of caregivers.56,57

Approval of tolvaptan and use in current 
practice
Based on the results of the TEMPO trials, the regulatory 

authorities in Japan, Canada, Korea, Switzerland, and the 

European Medicines Agency (EMA) in Europe approved the 

use of tolvaptan for the treatment of ADPKD and have granted 

it marketing authorization. However, in the United States, the 

FDA has not approved the medication until recently and has 

requested more efficacy and safety data in a confirmatory trial 

(REPRISE).49 The approval of tolvaptan calls for the develop-

ment of widely accepted treatment guidelines for using it in 

patients with ADPKD, and there are currently none.27,58

In Japan, the current recommendation for starting therapy 

with tolvaptan is a TKV of more than 750 mL and an annual 

TKV growth of more than 5% per year.59 In the EU, on behalf 

of the ERA-EDTA Working Groups of Inherited Kidney 

Disorders (WGIKD) and European Renal Best Practice 

(ERBP), Gansevoort et al58 provided guidance for making 

the decision as to when to start tolvaptan and which patients 

should be treated with tolvaptan. Tolvaptan – according to the 

EMA label – is indicated for slowing the progression of cyst 

growth and renal impairment in adult patients with ADPKD 

and CKD 1–3 at the time of initiation of treatment and with 

evidence of rapidly progressing disease. This guideline calls 

for clarifying the CKD stage and age at which tolvaptan 

can be started as well as the definition of rapidly progres-

sive disease. Therefore, the statement provided a series of 
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recommendations (Table 2), which resulted in a hierarchical 

decision algorithm (Figure 4) involving a sequence of the best 

validated markers for disease progression in descending order 

of reliability to identify patients with ADPKD with actual or 

likely rapid disease progression who are eligible for treatment 

with tolvaptan. Furthermore, this algorithm helps to screen 

out ineligible patients and identify those who have “possible” 

rapid disease progression, who should not be treated with 

tolvaptan, and should be revaluated for indications of treat-

ment after 3–5 years. Gansevoort et al also emphasized the 

consideration of factors other than eligibility before the initia-

tion of therapy, such as contraindications (Table 3), adverse 

events, patient motivation and lifestyle factors, and patient’s 

global risk profile and recommended remaining prudent 

and allowing some flexibility. This proposed algorithm, we 

believe, improves the benefit-to-risk ratio and cost effective-

ness of this treatment, given its side effects and high costs.

Considerations for future trials
There are a number of questions that can be raised concern-

ing the benefit of tolvaptan that have not been answered yet. 

Does tolvaptan have different efficacy in different races? 

This question can be raised after reviewing the report of 

a subgroup analysis of the Japanese patient subset from 

the TEMPO 3:4 trial.60 Although tolvaptan exhibited the 

same efficacy in the Japanese population as in the total 

population in the TEMPO 3:4 trial in reducing the rate of 

ADPKD progression, there is no explanation for the dif-

ference of 1.5% in the annual rate of TKV growth between 

the total population and this subpopulation. The annual rate 

of TKV growth in tolvaptan-treated subjects was 2.8% in 

the total TEMPO 3:4 trial population, whereas it was 1.3% 

in the Japanese subpopulation. It is notable that Japanese 

patients had a lower baseline than that of the total patient 

population, and they also had a smaller body build (thinner 

Table 2 Recommendations for the use of tolvaptan in ADPKD as retrieved from the Gansevoort et al statement58

Recommendation 1.1 “we suggest that tolvaptan can be prescribed to adult ADPKD patients aged < 50 years with CKD stages 1–3a (eGFR 
> 45 mL/min/1.73 m2) who have demonstrated or who are likely to have rapidly progressing disease, but CKD stage 
must be interpreted in conjunction with age.”

Recommendation 1.2 “we recommend not starting tolvaptan in patients aged 30–40 years with CKD stage 1 (eGFR > 90 mL/min/1.73 m2).”
Recommendation 1.3 “we recommend not starting tolvaptan in patients aged 40–50 years with CKD stages 1 or 2 (eGFR > 60 mL/min/1.73 m2).”
Recommendation 2 “A confirmed annual eGFR decline ≥ 5 mL/min/1.73 m2 in 1 year, and/or ≥ 2.5 mL/min/1.73 m2 per year over a period 

of 5 years, defines rapid progression.”
Recommendation 3 “A TKv increase of > 5% per year by repeated measurements (preferably three or more, each at least 6 months apart 

and by MRI), defines rapid progression.”
Recommendation 4.1 “We recommend the use of the Mayo classification of ADPKD that makes a distinction between ‘typical’ and ‘atypical’ 

morphology and adjusts TKV in patients with ‘typical’ morphology for age and height to define five classes of patients 
according to prognosis (1A–1e).”

Recommendation 4.2 “we suggest that in ADPKD patients with Mayo classes 1C–1e disease (corresponding to a predicted eGFR decrease ≥ 
2.5 mL/min/1.73 m2 per year), rapid disease progression is likely.”

Recommendation 4.3 “We suggest that in patients with atypical morphology of ADPKD, as described in the Mayo classification, rapid disease 
progression is unlikely.”

Recommendation 4.4 “we suggest that in a patient aged < 45 years with a kidney length > 16.5 cm, as assessed by ultrasound, rapid disease 
progression is likely.”

Recommendation 5 “we suggest that in patients with a truncating PKD1 mutation in conjunction with early onset of clinical symptoms, 
consistent with a PRO-PKD score of > 6, rapid disease progression is likely.”

Recommendation 6 “we suggest patients with a family history of eSRD before age 58 be reassessed for rapid disease progression on a 
3–5-year basis.”

Recommendation 7 “we suggest using a hierarchical decision algorithm to assess whether ADPKD patients are rapid progressors or likely 
to be rapid progressors and accordingly may qualify for treatment.”

Recommendation 8.1 “we recommend discussing adverse effects and impact on lifestyle with patients when considering starting tolvaptan.”
Recommendation 8.2 “we recommend taking into account contraindications and adverse effects such as hepatic toxicity and other 

precautions as listed in Table 2 (refer to the main statement) when considering starting tolvaptan.”
Recommendation 8.3 “we recommend that prescription and documentation of safety monitoring of tolvaptan is performed under 

supervision of physicians with expertise in managing ADPKD.”
Recommendation 9.1 “we suggest tolvaptan treatment be started with a dose of 45 mg in the morning and 15 mg in the evening.”
Recommendation 9.2 “we suggest up-titrating the dose of tolvaptan to 60/30 and 90/30 mg when tolerated.”
Recommendation 9.3 “we suggest tolvaptan treatment to be discontinued when patients approach eSRD.”

Note: Reproduced with permission from Gansevoort RT, Arici M, Benzing T, et al. Recommendations for the use of tolvaptan in autosomal dominant polycystic kidney disease: 
a position statement on behalf of the eRA-eDTA working groups on inherited kidney disorders and european renal best practice. Nephrol Dial Transplant. 2016;31(3):337–348. 
©2016 Oxford University Press.58

Abbreviations: ADPKD, autosomal dominant polycystic kidney disease; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal 
disease;  PKD, polycystic kidney disease; MRI, magnetic resonance imaging; TKv, total kidney volume.
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and shorter) but received the same dose of tolvaptan as the 

total population in TEMPO 3:4; therefore, they might have 

been exposed to higher concentrations of the medication. 

In addition, the results may have been influenced by the 

sample size of the Japanese subpopulation, which was too 

small to approach statistical significance. The possibility 

of racial differences in the efficacy of tolvaptan should be 

considered in future trials to acquire more data concern-

ing this matter.

As discussed earlier, ADPKD and ESRD have substan-

tial impacts on patient QOL. Information about the actual 

magnitude of the benefits of tolvaptan (in terms of kidney 

pain) and information about the impact of adverse events 

on patient QOL is lacking. Therefore, future studies should 

include information about the effect of tolvaptan therapy on 

QOL in patients with ADPKD.

Additional studies should also be directed toward investigat-

ing the cost effectiveness of tolvaptan via modeling the cost that 

Figure 4 Algorithm to assess indications for initiation of treatment in ADPKD. 
Notes: aIn our opinion, the indication ‘CKD stages 1–3 at initiation of treatment’ is not sufficiently specific as eGFR should be indexed for age. ADPKD patients with a high 
eGFR for age are unlikely to show rapid disease progression. There is currently no published evidence for the effect of tolvaptan in patients below the age of 18 or above 
the age of 50 years. beGFR may vary over time in individual patients, especially when close to the normal range. To confidently define ‘rapid disease pro- gression’, the rate 
of eGFR decline should be supported by multiple measurements that reliably indicate a rate of decline in eGFR. For this reason, this criterion should also be defined more 
strictly when historical data are available for only a short period compared with when available for a longer period. cWhen ‘evidence of rapid disease progression’ is based 
on historical eGFR data, the decline in renal function should be due to ADPKD and not related to other diseases, medications or factors that may contribute (reversibly 
or irreversibly) to a decline in renal function (e.g. diabetes mellitus, NSAIDs, calcineurin inhibitors, dehydration or contrast agents). dThe criterion decline in eGFR ≥5 mL/
min/1.73 m2 in 1 year is adopted from the KDIGO CKD Guideline. eThe criterion decline in eGFR ≥2.5 mL/min/1.73 m2 per year over a period of 5 years is comparable to 
class 1C patients in the Mayo classification of ADPKD. fIn young ADPKD patients with CKD stage 1, the observation of ‘no change in eGFR’ in general is not considered 
a sensitive marker of slow disease progression, as eGFR often remains fairly stable during a prolonged period of time, whereas TKv increases steadily, suggesting disease 
progression. In such patients, changes in TKv and/or prediction models should be applied to assess historical or predicted disease progression. gThe criterion of increase 
in TKv ≥5% per year is likely to be conservative. It is based on the threshold defining the Mayo class 1C patients. This criterion has also been advocated by the Japanese 
regulatory authorities. The average rate of TKv growth in placebo-treated patients in the TeMPO 3:4 trial was 5.5% per year. hThe ellipsoid equation estimates TKv reliably 
when compared with classical volumetry. iThe Mayo classification of ADPKD is based on height-adjusted TKV indexed for age. It predicts that patients with class 1C, 1D 
and 1e have more rapid disease progression. A kidney length ≥16.5 cm, as assessed by ultrasound (or MRI), can be used in patients younger than 45 years to indicate a high 
likelihood of rapid disease progression. jThe PRO-PKD score suggests that patients with a truncating PKD1 mutation and early onset of clinical signs (i.e. hypertension, 
macroscopic hematuria, cyst infection or flank pain before the age of 35 years) have rapid disease progression with start of RRT at a relatively young age. kAlthough there is 
significant variability in the age of reaching ESRD within families that share the same mutation, clinical experience as well as observational studies have shown that a detailed 
family history can provide important information for risk prediction. Reproduced with permission from Gansevoort RT, Arici M, Benzing T, et al. Recommendations for 
the use of tolvaptan in autosomal dominant polycystic kidney disease: a position statement on behalf of the eRA-eDTA working groups on inherited kidney disorders and 
european renal best practice. Nephrol Dial Transplant. 2016;31(3):337–348. ©2016 Oxford University Press.58

Abbreviations: ADPKD, autosomal dominant polycystic kidney disease; CKD, chronic kidney disease; CT, computed tomography; eGFR, estimated glomerular filtration rate; 
eSRD, end-stage renal disease;  PKD, polycystic kidney disease; MRI, magnetic resonance imaging; TKv, total kidney volume; (ht)TKv, height-adjusted total kidney volume.
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would meet the WTP threshold based on the estimated outcome 

benefit in large clinical intervention trials such as TEMPO.57

Other points that remain elusive and necessitate additional 

research include drug–drug interactions, the ideal dosing 

regimen that achieves maximal efficacy and minimal adverse 

events, whether the effect of tolvaptan differs between the 

two genotypes, and the possible synergistic effect when 

tolvaptan is co-administered with other medications such as 

mTOR inhibitors.

Conclusion
ADPKD is a slowly progressive structural cystic kidney 

disease that often leads to ESRD requiring RRT. The progres-

siveness of this disease and its complications cause debili-

tating effects on health of patients and impose a significant 

burden, both economically and on the QOL, of patients. Thus, 

patients should be treated holistically, paying particular atten-

tion to their psychosocial status. Recently, tolvaptan, which 

is a vasopressin V
2
 receptor antagonist, has been suggested 

by several studies as a promising agent. Patients who were 

treated with tolvaptan had a lower annual increase in total 

kidney volume, a slower rate of decline of kidney function, 

and prolonged life expectancy. However, there have been 

several side effects associated with the administration of 

tolvaptan, including elevated liver enzymes, headache, chest 

pain, and electrolyte imbalances. Data concerning the cost 

effectiveness of tolvaptan are limited, but one study regarding 

this matter concluded that it was not cost effective. There-

fore, cost effectiveness, along with other points that remain 

elusive such as drug–drug interactions, the ideal dosing 

regimen, and the possible variation in efficacy among races, 

should be studied in large clinical trials such as TEMPO. 

As tolvaptan has currently been approved for use in several 

countries, there are different recommendations as to when 

to start treatment with tolvaptan. Therefore, widely accepted 

universal guidelines are needed.
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