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Introduction

Autosomal Dominant Polycystic Kidney Disease (ADPKD) is the most common hereditary 
kidney disease. Patients with ADPKD develop kidney function impairment and most 
often kidney failure. Recent findings in the pathophysiology of ADPKD intensified 
scientific research targeting therapeutic interventions. The present Caput Selectum 
discusses the clinical symptoms of ADPKD, summarizes the recent developments and 
puts them into context.

Epidemiology

ADPKD has an estimated prevalence of 1:1000 when only clinically diagnosed patients 
are taken into account. However, a large variability in phenotype results in a prevalence 
up to 1:400 when asymptomatic subjects diagnosed from autopsy studies are included 
as well. Therefore, ADPKD is the second most prevalent hereditary disease in the 
Netherlands after familial hypercholesterolemia. In the Netherlands, approximately 
15.000 people have ADPKD, of whom 1.500 are dependent on renal replacement therapy. 
Seventy percent of the ADPKD population becomes dependent on renal replacement 
therapy during their lifespan, usually between the ages of 40 and 70 years. Around 10% 
of ADPKD patients report a negative family history suggesting a de novo mutation or a 
mild phenotype which has not been diagnosed in the family so far. 

Pathophysiology

ADPKD has an autosomal dominant inheritance pattern and therefore a penetrance of 
100%. ADPKD patients have a mutation of the PKD1 gene (localized on chromosome 
16, 85% of the patients with a traced mutation) or PKD-2 gene (chromosome 4, 15% 
of patients with a traced mutation) in every cell of the body.1 In 10% of patients, no 
pathogenic mutation can be found during genetic screening. Because of this mutation 
in the PKD1 or PKD2 gene, an impairment or dysfunction in the formation of the 
polycystin-1 (PC1) or polycystin-2 (PC2) protein, respectively, occurs. These PC1 and PC2 
proteins are situated at different locations in the cell and form, amongst other things, a 
polycystin complex that functions as a mechanosensor at the primary cilia. Responding 
to fluctuations in velocity of fluids in the tubules of the kidney, they regulate calcium 
influx in the cell. Figure 1 depicts a systematic overview of the different mechanisms in 
the cell that are responsible for the pathophysiology. In reality, many players, known 
and unknown, influence the pathophysiology of ADPKD.
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The pathways, shown in Figure 1, all eventually lead to the development of cysts. 
Cells originating from epithelial cysts are characterized by a strong proliferative, not 
yet completely differentiated nature. Proliferation of tubular epithelial cells lead to 
expansion of the tubular wall, generating a pocket. When the cyst reaches a diameter of 
2 mm, the cyst detaches itself from the tubular wall and becomes an isolated cyst that 
will keep growing in size due to continuous cell proliferation and fluid accumulation 
(Figure 2).2 Kidneys of ADPKD patients can therefore reach a size up to eight liters 
(Figure 3).
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Figure 1: Systemic overview of the pathophysiology of an ADPKD collecting duct cell and its possible 
treatment targets. Mutation of the PC1- or PC2-protein leads to changes in the mechanotransduction 
and cell polarization of the cilia. In turn, a profound decrease in calcium influx occurs that stimulates 
activation of adenylate cyclase (AC) which converts adenosine triphosphate (ATP) into cyclic 
adenosinemonophosphate (cAMP). cAMP is an important player in several pathways that could possibly 
lead to cyst expansion, for instance, via activation of the Ras/B-Raf/MEK/ERK-pathway.57 Furthermore, 
cAMP activates apical positioned chloride channels (CFTR-channels) leading to fluid secretion into 
the cyst lumen.58 cAMP also upregulates the mTOR-pathway. The mTOR-pathway is further stimulated 
because the activity of the TSC1/TSC2-complex is decreased due to less binding capacity of TSC2 to 
PC1.58,59 mTOR-activation leads to enhanced protein translation which in turn stimulates cell growth and 
cell proliferation, subsequently leading to cyst formation and cyst expansion.7,43,60
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Figure 2: Schematic representation of the development of a cyst from the tubule of the kidney.55

Figure 3: MRI image (left) and picture (right) of cystic kidneys. Total kidney volume displayed is 
 approximately 8 liter, which is greatly increased in comparison to normal kidneys that have a total 
volume of around 330 ml.56
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Clinical symptoms

ADPKD is a systemic disease in which renal manifestations are most profound.

Renal symptoms
Progressive cyst growth in the kidneys is by far the most noticeable characteristic of 
ADPKD. Because of the formation of these cysts, patients develop kidney function 
impairment during their lifetime and eventually kidney failure. However, one of the 
first symptoms is hypertension caused by a decline in blood flow, along with an incline 
in vascular resistance in the kidney, activation of the RAAS-system accompanied with 
an increase in sympathethic nerve activation and a distorted pressure-natriuresis 
response.3,4 Early detection and treatment of hypertension is important, as the most 
prevalent cause of death among ADPKD patients has a cardiovascular origin.5 Another 
common symptom seen in ADPKD is kidney pain.6 Pain can develop due to bleeding or 
infection of a cyst, kidney stones or because the enlarged kidney pressures surrounding 
organs, especially the pancreas. Twenty percent of ADPKD patients experience an 
episode of kidney stones. Kidney stones in ADPKD are primarily composed of uric acid 
and/or calcium oxalate. Urinary stasis caused by the devious anatomy of the kidney and 
metabolic factors like a decrease in ammonia excretion, a low urinary pH, and low uric 
acid concentration can all play a role in stone formation.7 When kidneys grow in size, 
gastrointestinal complaints like a bloating sensation, low appetite, weight loss, and 
obstipation become more prevalent. Already in an early stage of the disease, before 
renal function impairment, ADPKD patients have an impaired urine concentrating 
capacity leading to higher 24 hour urine volumes (healthy controls: 1.8 liters; ADPKD 
patients with normal kidney function: 2.4 liters).8,9 Furthermore, ADPKD patients often 
have moderate levels of albuminuria. When albuminuria exceeds the level of about 
1 gram, possibly another underlying disease is causing protein leakage. 

Extra-renal symptoms
Extra-renal symptoms are less profound in comparison to renal symptoms and are less 
likely to cause problems in the clinic. The most prevalent extrarenal symptom is the 
development of cysts in the liver. Although most often these cysts are asymptomatic, 
sometimes patients experience mechanical discomfort due to liver enlargement, which 
is described as a nagging pain in the upper abdominal region and a bloated feeling 
during eating. Cysts in the liver do usually not lead to liver failure, but cysts can get 
infected. Furthermore, cysts can arise in other organs like the pancreas and vesiculae 
seminales, which can lead to infertility in men. Other clinical manifestations, not 
involving cysts, are vascular and cardiac abnormalities. In approximately 10% of ADPKD 
patients, intracranial aneurysms develop during their life time, although prevalence 
rates differ substantially.10 Intracranial aneurysms occur more often in patients with a 
positive family history (25% of patients). Cardiac abnormalities consist of arrhythmias 
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(26%), valve abnormalities (14%), and aneurysms of aorta and coronaries.11 Abdominal 
symptoms like abdominal hernias and diverticulitis are seen more often as well, due to 
the elevated intra-abdominal pressure.12,13  

Prognostic factors

Patients with a mutation in the PKD1-gene or PKD-2 gene are characterized by the 
development of cysts in the kidney. The differences between these two gene-mutations 
mostly affects the growth rate of the cysts, a mutation in the PKD1-gene is correlated 
with a more severe phenotype. Patients with a mutation in the PKD1-gene develop 
hypertension 10 years earlier and reach end stage renal failure (ESRD) 20 years earlier 
in comparison to the patients with a PKD2-gene mutation.14 Not only are differences 
seen between patients with a PKD1- or PKD2-gene, within the group of patients with 
a PKD1 mutation large differences can be seen as well, including the age of reaching 
ESRD. These differences can be explained by various types of mutations that can lead to 
ADPKD. Mutations without truncations, like in frame mutations and missense mutations, 
are correlated with a less severe phenotype in comparison to truncated mutations like 
frameshifts, non-sense mutations, and splice mutations.15 Because the mutation plays 
an important role in the prognosis, the family history of the patient is of importance. 
Prognostic value can be found in the family member’s age at which they reached ESRD. 
Sometimes within families with the same mutation, a great variety of phenotypes are 
seen as well. This suggests that disease modifying genes or environmental factors 
influence disease progression as well. Possible factors are, for instance, premature birth, 
hormonal influences (in men cysts grow faster), consuming coffee, smoking, and a salt 
and protein rich diet.16-18 Other prognostically unfavorable factors are hypertension, 
macroscopic hematuria, and a severe albuminuria.19-22

Diagnostic criteria    

The clinical diagnosis of ADPKD is made upon ultrasound imaging and is based on 
the Ravine criteria that were drafted in 1994 and modified later.23,24 It is important to 
differentiate between patients with a known genotype (PKD1 or PKD2) and those with 
unknown genotype (Table 1). In order to diagnose ADPKD in patients with a negative 
family history, more than 10 cysts in both kidneys are obligatory and other diseases that 
involve cysts in the kidney must be excluded (Table 1). Nowadays, CT or MRI scans are 
often used instead of ultrasound imaging. Because more cysts can be detected on CT 
or MRI, only cysts larger than 10 mm are counted. Table 1 shows a specificity of 100% 
when these criteria are used. However, the sensitivity is not as high in every category 
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which makes missing a diagnosis of ADPKD more likely. This holds true in particular for 
patients between 15 and 30 years with a PKD2 mutation. Therefore, it is recommended 
that patients under 30 years with the possibility of a PKD2 mutation receive a yearly 
checkup. Nonetheless, the necessity of these checkups is debatable as patients with 
such a mild phenotype have in general an excellent prognosis, including well-preserved 
kidney function. It is important to realize in the case of a normal ultrasound in a patient 
between 30 and 39 years, or an ultrasound with just one cyst in a patient of 40 years and 
older, the possibility of this patient to have ADPKD is 0% and this diagnosis can therefore 
be excluded. Until recently, diagnostic procedures were started with caution, for good 
reason. No treatment could be offered to ADPKD patients whereas a diagnosis can 
have negative consequences, for instance, when taking out insurance. Recent findings 
in the pathophysiology of ADPKD intensified scientific research targeting therapeutic 
interventions. Most likely this will lead to a first treatment option available in the near 
future and thereby change the opinion on diagnostic intervention in ADPKD.  

Differential diagnosis

The differential diagnosis for cysts in the kidney is extensive and can be subdivided 
into acquired and hereditary abnormalities. Acquired benign cysts are quite common, 
with an increase in prevalence in older patients and in patients with low renal function. 
Such benign cysts can be found in 2% of 30 year old patients up to 20% of 70 year old 
patients. In adult patients and children (≥10 years of age) with a negative family history, 
benign cysts are a likely diagnosis. These benign cysts can be differentiated from ADPKD 
because kidneys of patients with benign cysts are predominately smaller and consist 
of fewer cysts that are often not localized bilaterally, as can be seen in ADPKD. Several 
hereditary diseases can be related to cysts in the kidney. In general, these diseases have a 
very specific clinical presentation which makes differentiation with ADPKD easy (Table 2). 

Current treatment options

Currently, none of the usual renoprotective treatments (strict blood pressure regulation, 
RAAS-inhibition, protein restriction) have shown any delay in cyst growth or renal 
function deterioration. At this point the most important treatment goal consists of 
decreasing risk of cardiovascular morbidity and mortality by blood pressure regulation 
and lifestyle intervention.

autosomal dominant polycystic kidney disease
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Hypertension
ADPKD patients develop hypertension around the third decade of life, before renal 
function deteriorates.25 First choice of antihypertensive drugs are ACE-inhibiters as the 
renin-angiotensin-aldosterone system is possibly up-regulated in ADPKD patients, and 
it is suggested that this influences cyst growth.26 Moreover, ACE-inhibitors may have a 
beneficial effect on left ventricle hypertrophy in comparison to other antihypertensive 
drugs in ADPKD patients. When patients do not tolerate ACE-inhibitors, angiotensin 
receptor blockers can be prescribed. The second choice of antihypertensive drugs 
are calcium antagonist and beta blockers. Because diuretics may increase the plasma 
vasopressin concentration, and since vasopressin plays a role in the pathophysiology 
of ADPKD, these drugs seems less suitable. The treatment goal is to achieve blood 
pressure values below 130/80 mmHg.27 At this point, no evidence is available that shows 
a beneficial effect of stricter blood pressure control on kidney function preservation or 
mortality in ADPKD patients. This topic is currently under investigation in the HALT-PKD 
study (blood pressure goal <110/70 versus <130/80 mmHg).28

Pain
Abdominal pain is a prevalent symptom in ADPKD, but difficult to treat. Pain can be 
treated conventionally with pain medication, although prolonged treatment with 
NSAID’s should obviously be avoided. Paracetamol and tricyclic antidepressants can, 
however, be prescribed for chronic use. Opioids, like tramadol, should be preserved for 
acute pain episodes.29 TENS or nerve blockade treatment can be used when patients 
experience severe pain continuously. When these conventional methods are not 
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Table 1: Ravine criteria for clinical diagnosis of ADPKD in patients with a positive family history.23,24  
SPE: specificity, SEN: sensitivity.

PKD1 PKD2 Unknown ADPKD 
genotype

15-29 year
≥ 2 cysts uni- or bilateral

SPE = 100%
SEN = 96%

≥ 3 cysts uni- or bilateral
SPE = 100%
SEN = 70%

≥ 3 cysts uni- or bilateral
SPE = 100%

SEN = 82

30-39 year
≥ 2 cysts in both kidneys

SPE = 100%
SEN = 100%

≥ 3 cysts uni- or bilateral
SPE = 100%
SEN = 95%

≥ 3 cysts uni- or bilateral
SPE = 100%

SEN = 96

40-59 year
≥ 2 cysts in both kidneys

SPE = 100%
SEN = 100%

≥ 2 cysts in both kidneys
SPE = 100%
SEN = 89%

≥ 2 cysts in both kidneys
SPE = 100%
SEN = 90%

≥ 60 year
≥ 4 cysts in both kidneys

SPE = 100%
SEN = 100%

≥ 4 cysts in both kidneys
SPE = 100%
SEN = 100%

≥ 4 cysts in both kidneys
SPE = 100%
SEN = 100%
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sufficient, ultrasound or CT guided cyst aspiration, surgical decompression, laparoscopic 
fenestration or a nephrectomy are options to think about in order to relieve pain.30 
It is advised to show restraint towards aspiration or surgical treatment options. The 
likelihood of insufficient results and complications is relatively high, in particular the 
risk of infections is increased.

Cyst infection
Be aware that a cyst infection may be present whenever patients with ADPKD experience 
flank pain with fever. When patients have persistent, recurring infections with negative 
blood and urine cultures, sometimes CT guided cyst aspiration is needed in order to 
be able to give specified antimicrobial treatment. However, in order to aspirate, the 
infected cyst needs to be visible between the other cysts and reachable by aspiration. 
To determine the exact localization of the infected cyst, a PET/CT scan is necessary to 
strategize the actual cyst aspiration. Other imaging techniques have a low sensitivity 
when it comes to infected cysts and are therefore not recommended. Treatment of cyst 
infections is difficult as the drug might not reach the infection. According to the SWAB 
guidelines, it is advised to start with the broad spectrum antibiotic ciprofloxacin. When 
the results of blood cultures become available, antibiotics should be switched into a more 
specified small spectrum type. Cotrimoxazol, quinolones (like ciprofloxacin), clindamycin, 
vancomycin and metronidazole are suitable for treatment of cyst infections as these 
antibiotics have the ability to penetrate the infected cyst. Guidelines state a treatment 
duration of two weeks.31 In case fever persists or C-reactive protein (CRP) levels remain 
elevated after treatment for one to two weeks, a PET-scan can help to differentiate 
between a cyst infection and other causes for fever. Furthermore, a PET-scan is needed to 
decide whether an infected cyst can be reached for percutaneous or surgical drainage. 

Cyst bleeding
Bleeding of a cyst or hematuria is usually self-limiting and responds well to conservative 
treatment consisting of pain medication and hydration. However, it can be difficult to 
distinguish between a cyst infection and cyst bleed because both can be associated 
with fever and elevated CRP levels. 

Additional clinical developments

Hydration
ADPKD patients have an impaired urine concentrating capacity, already in an early stage 
of disease prior to kidney function deterioration.8 In order to maintain water balance, 
vasopressin levels, and consequently intracellular cAMP levels, increase. Increasing water 
intake decreases vasopressin levels and can therefore be of interest to ADPKD patients. 
Literature suggest that a daily water intake of three liters for women and four liters 
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Table 2: Hereditary diseases involving kidney cysts. Exception is (isolated) polycystic liver disease which 
normally does not involve kidney cysts. AD: autosomal dominant, AR: autosomal recessive, ESRD: end 
stage renal disease, CNS: central nervous system.

Disease Prevalence Hereditary 
pattern Clinical course

Symptoms other 
than cysts in the 

kidney

ADPKD
Autosomal dominant 
polycystic kidney 
disease

1:400-1:1000 AD ESRD between 
40-70 years

Intracranial aneurysms, 
cysts in liver or 

pancreas, cardiac 
valve abnormalities. 

Kidney volume (severly) 
enlarged.

ARPKD
Autosomal recessive 
polycystic kidney 
disease

1:6000-1:55.000 AR ESRD during 
adolescence

Portal fibrosis, 
portal hypertension, 

cholangitis, biliary 
dysgenesis. Kidney 
volume enlarged.

TSC
Tuberous sclerosis 
complex

1:6000-1:10.000 AD

Hardly any 
symptoms to 

severely disabled 
in childhood

Angiomyolipoma of 
kidney, hamartomas 
of skin, retina, liver, 

bones, heart and lungs, 
epileptic seizures. 

Kidney volume normal.

Von Hippel-Lindau 
syndrome 1:36.000 AD

Hardly any 
symptoms to 
many benign 

tumors removable 
by surgery

Hemangioblastoma 
of retina en CNS, 
cysts in pancreas, 

pheochromocytoma. 
Kidney volume normal.

Nephronophthisis 1:50.000-
1:900.000 AD/AR ESRD during 

adolescence

Retinal degeneration, 
retinitis pigmentosa, 
mental retardation, 
skeletal deformities, 

cerebellar ataxia, liver 
fibrosis. Kidney volume 

normal.

PLD
Polycystic liver disease 1:100.000 AD Usually 

asymptomatic Cysts in liver

Medullary sponge 
kidney 1:2000-1:20.000

Develop mental 
disorder 
rare AD

Usually 
asymptomatic

Kidney stones and 
urinary tract infections. 

Tubular dilatation of 
the collecting ducts. 

Kidney volume normal 
to slightly enlarged.
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for men is sufficient to decrease vasopressin levels and therefor has beneficial effects 
on the kidney.32 Animal studies show that an increase in water intake protects against 
cyst growth and kidney function decline.33 Furthermore, observational clinical research 
found that a high urine osmolality is associated with more rapid disease progression.34 
However, no study has yet been conducted to investigate whether an increase in water 
intake is protective in ADPKD patients.

Oral contraception treatment
The incidence of cysts in the liver is higher in women in comparison to men with ADPKD, 
since these cysts are sensitive to regulation by estrogens.35 Therefor, it is advised for 
women with liver cysts to use contraception treatment free of hormones, for instance 
by using a copper-based intrauterine device.

Low caffeine, salt and protein diet
Experimental research has proven that caffeine increases cAMP in ADPKD-cells.36 
Therefore, a low caffeine diet is advised in ADPKD patients. However, clinical evidence 
is lacking. A recent cross-sectional study did not find an association between coffee 
intake and kidney volume.37 Moreover, a study in rats with cystic kidneys showed no 
influence of caffeine intake on kidney volume or kidney function. However, they did find 
an association between hypertension and caffeine intake.38 Patients with ADPKD may 
also have a salt sensitive hypertension.3 A low salt diet could therefore be beneficial. 
In ADPKD patients an association between salt intake and kidney volume expansion 
during 6 years of follow-up has been described as well.34 Not much is written about 
the effect of a low protein diet on disease progression in ADPKD patients. Subgroup 
analyses of the MDRD-study suggested this intervention has no profound effects.21 
Therefore a low protein diet is not advised for patients with ADPKD. However, patients 
with low kidney function can obviously benefit from a low protein diet as it reduces 
phosphate intake and accumulation of urea.

Screening for cerebral aneurysms
ADPKD patients have an increased risk for a cerebral aneurysm. Whether screening for 
this malformation is beneficial or not is not yet clear. It is advised to screen patients with 
1) a family history of aneurysms or CVA at an age younger than 65 years, 2) a previous 
aneurysm rupture, 3) a profession that could lead to severe consequences for others 
when an aneurysm rupture would occur, 4) undergoing a major surgery with possible 
hemodynamic instability, 5) sudden onset of alarming headaches or 6) a disabling fear 
regarding the possibility of having an aneurysm.39-41 Currently, a restrained policy is 
seen in the Netherlands when it comes to screening. However, an increase in doctors in 
favor of screening all ADPKD patients can be observed. Recently an American literature 
review was published that investigated the incidence, screening, risk of treatment, 
and theoretical cost-benefit which lead to the advice to screen all ADPKD patients for 
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cerebral aneursyms. Furthermore, patients should be screened frequently, every two to 
ten years, dependent on results found during screening and risk factors as described 
above. However, other risk factors should be taken into account as well like smoking 
and alcohol consumption.42 Screening for cerebral aneurysms could theoretically save 
lives. However, evidence concerning the effectivness of screening all ADPKD patients is 
lacking. Moreover, psychosocial consequences that derive from the discovery of a small 
aneurysm that does not require intervention, should not be underestimated. When an 
asymptomatic aneurysm is found, the decision to treat should be made based on size, 
shape and localization of the aneurysm. General guidelines that apply to all patient 
populations should be followed.

Measurement of kidney volume
Measurement of kidney volume has limited value in clinical practice because it is 
not cost effective and also time consuming. Moreover, an MRI scan does not always 
give accurate information about prognosis. However, an MRI-scan can be very useful 
for comparison when complications occur like a cyst infection. This is why we advise 
to make an MRI scan once, as a reference. A rule of thumb concerning the use of an 
MRI-scan for prognostic purposes is that when the cysts are easy to count, this usually 
is associated with a good prognosis. Countless cysts indicate a worse prognosis. 
Sometimes measurement of kidney volume is necessary to determine whether the 
space in the iliac fossa is sufficient for a renal transplant when patients reach end stage 
renal failure. Usually a nephrectomy is performed when this space is too small.

Genetic screening
In the Netherlands it is possible to get genetic screening for ADPKD (department of human 
genetics, UMC Leiden). Genetic screening for PKD1- and PKD2 mutations is challenging 
due to the size, complexity, and heterogeneity of the genes. Many mutations are 
discovered but it is not always clear whether these mutations actually induce the disease. 
Moreover, every month new mutations are found. Apart from the prognostic value of 
having either a PKD1- or PKD2 mutation, the kind of mutations (missense- or non-sense 
mutations) can predict disease progression as well.15 Therefor, genetic testing not only 
contributes to the diagnostic process, but can be of value to predict disease progression. 
At this moment the advantages of genetic screening in clinical practice is limited, 
because most often the diagnosis of ADPKD can be made on clinical data and genetic 
testing is expensive. Situations in which genetic testing can be useful, for instance, are 
in young patients with uncertain diagnosis, future kidney donors in families with ADPKD 
and when preimplantation genetic screening (PGS) is desirable (see section below). 
Because of recent developments in the field of genetics, especially implementation of 
next generation sequencing techniques, genetic screening will become less costly. This 
will probably enhance the use of genetic screening in clinical practice.
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Family planning
In 2010, PGS became available for ADPKD families in the Netherlands. Whether a 
couple is eligible for PGS is dependent on several criteria, for instance, disease severity 
measured by the age at which family members reached ESRD. Given the average 
disease progression in ADPKD, it is questionable whether a PGS procedure is justified. 
However, for families with more severe disease this can be the case, as no treatment 
is yet available for ADPKD. In that case, the exact mutations need to be found in order 
to have a successful PGS procedure. In 2010 and 2011, nine couples were referred to 
PGS counseling. None of the couples chose the PGS procedure after counseling, which 
shows that apparently the barrier for PGS in ADPKD is high.

Future treatment options

Recent findings in the pathophysiology of ADPKD intensified scientific research 
targeting therapeutic interventions that could possible attenuate disease progression.. 
Three different types of drugs have been or are currently being investigated in large 
clinical trials. Figure 1 shows where these drugs intervene at cellular level.

mTOR-inhibitors
After the mTOR-inhibitors sirolimus and everolimus were proven effective in reducing 
cyst- and kidney volume in animal models for ADPKD, two large European clinical 
studies were conducted.43-45 Unfortunately, both studies came out negative regarding 
protection of kidney function deterioration.46,47 Probably low blood levels of mTOR-
inhibitor in comparison to animal models caused this lack of efficacy.48 However, higher 
dosages are not tolerated in humans. In the future, mTOR-inhibitors may be used if 
they can be combined with drugs that target different processes at the cellular level. 
In this way lower dosages of each single drug can result in an effective treatment when 
given simultaneously. Another way to use mTOR inhibitors in low dosages is perhaps by 
attaching them to an amino acid that increases the concentration of mTOR inhibitor in 
the kidney without increasing circulating drug levels in the body by drug targeting.49 

Vasopressin V2 receptor antagonists
This group of drugs decreases cAMP in the cell by targeting adenylate cyclase (Figure 
1). Recently the results of a multicenter, randomized controlled, double blind trial 
with a duration of three years was published, the TEMPO 3:4 study.50 In 1445 ADPKD 
patients in early stage disease (eGFR>60 ml/min), the effects of the vasopressin V2 
receptor antagonist tolvaptan were investigated. Two Dutch centers contributed to 
this study as well, the VU Medical Center in Amsterdam and the University Medical 
Center in Groningen. This study showed, for the first time, that cyst growth and kidney 
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function decline can be slowed in ADPKD patients. During treatment with tolvaptan 
(60-120 mg/day) cyst growth decreased by almost 50% in comparison to the placebo 
group (growth of 2.8% versus 5.5% per year, average kidney volume 1.7 liters). Kidney 
function decline was less profound in the tolvaptan group in comparison to the placebo 
group as well (eGFR decline of 2.72 versus 3.70 ml/min/1.73m2, p<0.001). It is expected 
that this treatment will get registered and becomes available to ADPKD patients in 
the near future. The usage of tolvaptan has major impact on the daily life of patients, 
because vasopressin V2 receptor antagonists induce a strong aquaretic effect leading 
to a considerable increase in diuresis (four to eight liters a day). Patients experience 
symptoms of thirst, a dry mouth and nycturia, which can cause sleep disturbance. 
Two major challenges in the future will be to identify which patients will benefit from 
treatment and to determine at what point during disease progression this treatment 
should be started. Efficacy and side effects need to be taken into consideration. Especially 
in patients with fast progressing disease that will reach ESRD at a relative young age, 
since they will be eligible for treatment. In our experience, ADPKD patients are highly 
motivated to be treated with tolvaptan and generally tolerate the side effects. Another 
challenge will be to determine whether tolvaptan is effective in ADPKD patients in later 
stage of disease with more impaired kidney function. At this moment tolvaptan is only 
registered of short term usage of hyponatremia caused by the syndrome of inadequate 
antidiuretic hormone secretion (SIADH). Therefore the costs for tolvaptan are high. 
Negotiations about the costs of tolvaptan are essential after registration of  tolvaptan 
for chronic usage in order to be able to prescribe this drug for a prolonged period 
of time. During the TEMPO-study, three cases of significantly elevated liver function 
parameters occurred, as far as we know. In all cases, elevation of these parameters did 
not lead to liver failure, and discontinuation of the drug lead to normalization of the 
liver function parameters. However, liver function testing is advised when tolvaptan will 
be prescribed in the future.

Somatostatin analogues
Somatostatin analogues have a similar decreasing effect on intracellular cAMP levels as 
vasopressin V2 receptor antagonists (Figure 1).51 These analogues are promosing as the 
somatostatin receptor is also located in the liver and somatostatin analogues perhaps 
induce fewer side effects in comparison to vasopressin V2 receptor antagonists. Several 
clinical studies show that somatostatin analogues reduce liver volume in ADPKD patients, 
are generally well tolerated and possibly slow kidney volume expansion as well.52-54 
However, patient numbers in these studies were relative low, follow-up duration was 
limited and the effect on kidney function varied between the studies. More research 
regarding the renoprotective effects of somatostatin analogues is therefore needed. 
Recently, a randomized controlled multicenter trial has started in the Netherlands 
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studying the effects of lanreotide in ADPKD patients. In this study, 300 ADPKD patients 
will participate. Table 3 displays more information about this trial. Patients can be 
referred to participate in this study until April 2014 (DIPAK@umcg.nl). 

Conclusion

ADPKD patients is a prevalent hereditary kidney disease. At this moment no treatment 
is available that is proven to attenuate disease progression. Results of the TEMPO trial 
and the initiation of the DIPAK-1-study in the Netherlands brings a possible treatment 
option one step closer. 

autosomal dominant polycystic kidney disease

2

Table 3: Protocol summary of the DIPAK-1 study.

Design Randomized controlled multicenter clinical trial 

Study population 
300 ADPKD patients

Age between 18 and 60 years 
eGFR (MDRD) between 30 and 60 ml/min/1.73m2 

Randomisation 1:1, stratified for baseline eGFR and sex

Intervention
Subcutaneous injections of lanreotide 120 mg/28 days. Dose will be 
reduced to 90 mg when eGFR decreases below 30 ml/min/1.73m2. 

The control group will receive standard care. 

Primary endpoint Change in kidney function in the lanreotide group 
versus the standard care group.  

Secundary endpoints 

Change in kidney volume 
Change in liver volume

Change in quality of life (QoL) 
Tolerability and safety of lanreotide 

Extra patient load 
7 extra outpatient department visits, 

including administration of questionnaires
2 MRI scans 
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