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Abstract: Polycystic liver disease (PLD) is a clinical condition characterized by the presence of more than 10 cysts in the liver. It is 
a rare disease Of genetic etiology that presents as an isolated disease or assoc\iated with polycystic kidney disease. Ductal plate 
malformation, ciliary dysfunction, and changes in cell signaling are the main factors involved in its pathogenesis. Most patients with 
PLD are asymptomatic, but in 2–5% of cases the disease has disabling symptoms and a significant reduction in quality of life. The 
diagnosis is based on family history of hepatic and/or renal polycystic disease, clinical manifestations, patient age, and polycystic liver 
phenotype shown on imaging examinations. PLD treatment has evolved considerably in the last decades. Somatostatin analogues hold 
promise in controlling disease progression, but liver transplantation remains a unique curative treatment modality. 
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Introduction
Polycystic liver disease (PLD) is a rare and debilitating genetic disorder characterized by abnormal bile duct dilatation 
and maldevelopment of the cholangiocytes lining the bile duct.1

PLD may occur as an isolated manifestation in autosomal dominant PLD (ADPLD), a disease that affects 1/100,000 
individuals worldwide, as an extrarenal manifestation of autosomal dominant polycystic kidney disease (ADPKD), which 
is the most common inherited nephropathy and affects 1/1000 individuals, or, more rarely, autosomal recessive polycystic 
kidney disease (ARPKD), a disorder that is more common in the pediatric population and has a prevalence ranging from 
1/10,000 to 1/40,000.1–3

The clinical presentation, treatment, and prognosis are directly related to the extent of liver involvement. Although 
most patients are asymptomatic and do not require treatment, in 2–5% of the cases the disease exhibits important 
symptoms, presenting a wide spectrum of severity.3–7

Knowledge on PLD has increased greatly in recent years, especially regarding the molecular mechanisms involved in 
hepatic cystogenesis and pharmacological targets for disease treatment. This review aimed to provide an updated 
summary of the pathophysiological mechanisms and clinical management of PLD.

Pathophysiology
The development of liver cysts is a complex process involving several factors: genetic alterations, ductal plate 
malformation, ciliary dysfunction, cell signaling abnormalities, action of hormones and growth factors, abnormal 
proteostasis, increased fluid secretion, fibrosis, change in bile acid metabolism, increased autophagy, modifications in 
cell-matrix interaction, and epigenetic changes.1,8–11
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Genetic Alterations
Various genes are associated with the development of PLD (Table 1). The PRKSCH and SEC63 genes are the main players in 
ADPLD, whereas PKD1 and PKD2 are the main genes implicated in ADPKD. Most cases of ARPKD are associated with 
mutations in the PKHD1 gene.8,9 Although ADPLD and ADPKD are inherited in a dominant manner, it is unclear how 
heterozygous mutations lead to disease development. The most accepted hypothesis is based on Knudson’s “two-hit” theory.32 

Individuals carrying a germline mutation (“first hit”) are susceptible to but do not develop PLD; therefore, the occurrence of 
a second mutation (“second hit”) affecting the somatic cells and promoting the loss of heterozygosity causes the expression of 
the polycystic liver phenotype. The compromise of the healthy allele, resulting in a recessive cell genotype, would be the 
triggering factor of hepatic cystogenesis. Although PLD is associated with dominant genetic diseases, it appears that it is the 
recessive genotype that causes significant alterations in the epithelial cells of the biliary ducts, thus triggering PLD.14,29,33

Ductal Plate Malformation
Hepatic organogenesis begins in the 4th week of embryonic development from the endoderm of the foregut. The hepatic 
diverticulum is formed, which later divides into a cranial portion (precursor to the liver) and a caudal portion (precursor 

Table 1 Main Genes Involved in PLD Development

Gene Protein Localization Function Associated 
Disease

References

PKD1 Polycystin 1 Primary cilium, plasma 

membrane, and cell 
junctions

Mechanoreceptor/Chemoreceptor 

linked to calciun signaling

ADPKD [13,15–18]

PKD2 Polycystin 2 Primary cilium and 
endoplasmic reticulum

Nonselective calcium channel ADPKD [13,15–17]

PKHD1 Fibrocystin or polyductin Primary cilium Receptor linked to tubulogenesis and 
maintenance of biliary architecture

ARPKD or 
ADPLD

[13,17,19,20]

DZIP1L DAZ interacting protein 
1-like

Primary cilium and 
centrioles

Regulation of traffic of proteins and 
other substances in the primary 

cilium

ARPKD [3,21]

PRKSCH β-subunit of glucosidase II 

or hepatocystin

Endosplamic reticulum Glycoprotein processing ADPLD [12,14,22,23]

SEC63 Translocation protein 

SEC63 

Homolog

Endoplasmic reticulum Protein translocation ADPLD [1,12,14,24]

SEC61B Protein transport protein 

Sec61 subunit β
Endoplasmic reticulum Protein translocation ADPLD [12,14,20,25]

GANAB α-subunit of glucosidase II Endoplasmic reticulum Glycoprotein processing ADPLD [20,28,29]

ALG8 α-1,3-glucosyltransferase Endoplasmic reticulum Protein glycosylation ADPLD [12,14,20,25]

DNAJB11 DnaJ heat shock protein 
family (Hsp40) member 

B11

Endoplasmic reticulum Protein processing ADPLD or 
ADTKD

[29–31]

ALG9 α-1,2-mannosyltransferase Endoplasmic reticulum Protein glycosylation ADPKD or 

ADPLD

[26]

LRP5 Low-density lipoprotein 

Receptor-related protein 5

Plasma membrane Coreceptor in the canonical Wnt/β- 

catenin pathway

ADPLD [12,20,27,29]

Abbreviations: ADPKD, autosomal dominant polycystic kidney disease; ARPKD, autosomal recessive polycystic kidney disease; ADTKD, autosomal dominant tubulointer-
stitial kidney disease; ADPLD, autosomal dominant polycystic liver disease.
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to the gallbladder). The biliary tree begins to form between the 7th-8th week of development from the migration of 
precursor cells from the liver (hepatoblasts) towards the portal vein. Elevated levels of transforming growth factor beta 
(TGF-β) are expressed near the portal vein, stimulating the migration of hepatoblasts positive for cytokeratin (CK) 8, 
CK18 and CK19 and expressing TGF-β receptor II (TGF-βRII). Hepatoblasts surround the portal mesenchyme forming 
a primary layer of cells (pre-biliary cells) called the ductal plate. Subsequently, a second layer of hepatoblasts expressing 
TGF-βRII is formed, thus allowing the formation of a lumen between the two layers.34–37

The differentiation of hepatoblasts into biliary tree cells (cholangiocytes) is regulated by the interaction between the 
Notch, TGF-β and Wnt signaling pathways, components of the extracellular matrix and intracellular transcription 
factors.34,37–40 The main transcription factors involved in this process are: hematopoietically expressed homeobox 
protein (HHEX), onecut domain family member 2 (OC2), hepatocyte nuclear factor 6 (HNF-6), SRY-box transcription 
factor 9 (SOX9) and hepatocyte nuclear factor 1β (HNF-1β). The increase in Notch pathway activity stimulates the 
expression of cholangiocyte transcription factors, mainly HNF-6 and HNF-1β, and inhibits the expression of hepatocyte 
transcription factors.34,35,37,40,41

Ductal plaque remodeling consists of three main events: formation of the primary layer of pre-biliary cells; 
maturation of the primary layer of pre-biliary cells into cholangiocytes and formation of the second layer of pre- 
biliary cells, with consequent production of a lumen between the two layers; maturation of the second layer of pre-biliary 
cells into cholangiocytes, with consequent formation of bile ducts. This process is dependent on three main signaling 
gradients, expressed at higher levels in the vicinity of the portal vein: Notch, TGF-β and Wnt.34,35,37

Hepatic cystogenesis appears to be related to an abnormal ductal plaque remodeling process, which occurs from at 
least three distinct origins of ductal plaque malformations (DPMs): DPM 1, impaired differentiation of bile precursor 
cells; DPM 2, impaired maturation of ductular structures; and DPM 3, abnormal expansion of bile ducts.37,40 The 
formation of bile ducts requires a network of epithelial-mesenchymal interactions and the presence of growth and 
transcription factors to control migration, adhesion and differentiation of cholangiocytes. Aberrant expression and 
signaling profiles result in impaired remodeling and subsequently dilated or disconnected ductal plate cells, favoring 
the development of cystic biliary structures.42–47

Ciliary Dysfunction
The primary cilium is a non-motile sensory structure composed of the basal body, axoneme, cilioplasm, and ciliary 
membrane. Cholangiocytes have a single primary cilium that protrudes from the apical membrane into the lumen of the 
bile duct. The primary cilium detects changes in the composition and osmolarity of the bile stream.48–50 Hepatic 
cystogenesis is believed to be related to disturbances in the sensitivity of the primary cilium, which are caused by 
structural and functional changes resulting from aberrant expression of ciliary proteins.1

Polycystin 1 (PC1) is an extremely important protein in PLD. Alterations in its expression or synthesis are directly 
related to the presentation, progression, and severity of PLD because PC1 reduction is inversely proportional to cyst 
size.18,51 PC1 interacts with polycystin 2 (PC2), forming a functional complex that acts on the surface of the ciliary 
membrane to regulate intracellular calcium levels. PC1 activation stimulates calcium uptake by PC2.13 The two proteins, 
after being synthesized inside cholangiocytes, form the PC1-PC2 complex. This association promotes the migration of 
the complex toward the primary cilium. Isolated molecules may reach the cellular surface but in a lower degree than in 
the form of a PC1-PC2 complex. Consequently, alterations in PC2 synthesis that compromise the formation of the PC1- 
PC2 complex can contribute to the reduction of PC1 expression in the primary cilium.20,52

Most proteins involved in hepatic cystogenesis are located in the endoplasmic reticulum. Dysfunction of these 
proteins interferes with the synthesis, processing, translocation, traffic or expression of other proteins, including PC1. 
Mutations in the PRKSCH, SEC63, SEC61B, GANAB, ALG8, ALG9, and DNAJB11 genes are associated with reduced 
PC1 levels in the primary cilium, which favors PLD development. It appears that cholangiocytes are less tolerant to 
reduced PC1 levels than renal epithelial cells. In some cases, this could explain why cysts are formed in the liver but not 
in the kidneys.12,18,26,53,54

Within the primary cilium, the bidirectional transport of substances along the axoneme is guaranteed by intraflagellar 
transport (IFT). There are two main modalities of IFT: the intraflagellar transport complex B (IFT-B), which interacts 

Hepatic Medicine: Evidence and Research 2022:14                                                                            https://doi.org/10.2147/HMER.S377530                                                                                                                                                                                                                       

DovePress                                                                                                                         
137

Dovepress                                                                                                                                                          Norcia et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

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


with kinesin to mediate anterograde intraflagellar transport, and the intraflagellar transport complex A (IFT-A), which 
interacts with dynein to mediate retrograde intraflagellar transport.55,56 Experimental studies in mice with ADPKD 
revealed that deletion of IFT-B genes attenuates hepatic and renal cystogenesis, thus reducing the severity of PLD, but 
deletion of IFT-A genes appears not to present the same results, being associated with inadequate development of the bile 
duct, biliary fibrosis, shortening of the primary cilium and increase in the Notch signaling pathway. These findings reveal 
that the increase in Notch signaling in cystic cholangiocytes may represent an important factor in the progression of liver 
cystogenesis, and may be seen as a potential therapeutic target in the future.55,57,58

Action of Hormones and Growth Factors
Liver cysts are not connected to the biliary tree and their growth depends on the autocrine and/or paracrine effect of 
cytokines and growth factors produced by the cystic epithelium. The cholangiocytes of this epithelium exhibit phenotypic 
and functional specificities, such as overexpression of insulin-like growth factor 1 (IGF1), vascular endothelium growth 
factor (VEGF), angiopoietin 1, and their respective receptors, that is, IGF1 receptor (IGF1R), VEGF receptor-2 
(VEGFR2), and the receptor tyrosine kinase with immunoglobulin-like and EGF-like domains 2 (TIE2).59,60 The 
mechanism that allows cystic cholangiocytes to produce growth factors abnormally is unclear, but it may be 
a consequence of a relative lack of cell differentiation or a necessary response to cellular stress.61 Some hormones 
also contribute to the hyperproliferative phenotype observed in PLD, including estrogen. Healthy cholangiocytes 
normally lack estrogen receptors. Conversely, cells of the cystic epithelium express estrogen receptors alpha (ERα) 
and beta (ERβ) and are more sensitive to the proliferative effects of estrogens. These hormones exert a mitogenic effect 
on cystic cholangiocytes directly or by stimulating IGF1 synthesis and secretion.59,62

Cell Signaling Abnormalities
The hyperproliferative phenotype of cholangiocytes in PLD is directly related to changes in the concentration of 
intracellular mediators and dysfunction of signaling pathways. The process of cystic growth progresses with increased 
cyclic adenosine 3’,5’-monophosphate (cAMP) and reduced intracellular calcium levels. The main signaling pathways 
implicated are the mitogen-activated protein kinase (MAPK) and mammalian rapamycin target protein (mTOR) signaling 
pathways.61,63–68

In normal cells, mitogenic activity is controlled by the binding of growth factors to tyrosine kinase receptors with 
sequential activation of the MAPK pathway. Substances such as hormones (vasopressin, secretin, parathyroid hormone, 
and vasoactive intestinal peptide) and autacoids (prostaglandins and adenosine) and intracellular concentration of some 
ions stimulate the enzyme adenylate cyclase (AC) to convert adenosine triphosphate (ATP) into cAMP. The increase in 
cAMP activates two intracellular mediators, protein kinase A (PKA) and exchange protein directly activated by cAMP 
(EPAC). Under physiological conditions, PKA acts by inhibiting cell proliferation and blocking the activity of rapidly 
accelerated fibrosarcoma protein 1 (RAF1), thereby preventing receptor-mediated MAPK activation (Figure 1A). EPAC 
activity is proportional to cAMP levels. EPAC stimulates the cell proliferation pathway that, under normal conditions, 
ensures adequate cell renewal. The intracellular calcium level is also regulated by a series of mechanisms, among them 
the PC1-PC2 complex. Adequate intracellular calcium levels ensure the activity of phosphatidylinositol 3-kinase protein 
(PI3K), which acts by stimulating the protein kinase B (AKT). The AKT protein phosphorylates the rapidly accelerated 
fibrosarcoma B-type (BRAF), rendering it inactive.13,63,64,69–72

In pathological conditions caused by reduced expression of PC1 or PC2, there is a decrease in the intracellular 
calcium level. This reduction prevents the activity of PI3K and AKT and induces BRAF activation; induces the activity 
of adenylate cyclase 5 (AC5) and adenylate cyclase 6 (AC6), which are inactive in adequate calcium concentrations; 
inhibits the activity of phosphodiesterase 1 and phosphodiesterase 3, which are responsible for cAMP intracellular 
degradation; and stimulates the mitogenic activity of PKA. These events lead to an increase in cAMP levels and promote 
cell hyperproliferation. The increase in cAMP levels activates PKA, which, in the presence of reduced calcium levels, 
promotes an alternative cellular proliferation pathway that uses BRAF as an intermediate (Figure 1B). As a result of the 
significant increase in cAMP, the cAMP pathway becomes hyperactivated, which contributes considerably to the 
hyperproliferative state.63–65,72–76
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mTOR is a signaling molecule involved in cell growth and proliferation processes. Under normal conditions, most 
cytoplasmic mTORs are controlled by the action of a protein complex composed of two proteins: tuberous sclerosis 
complex protein 1 (TSC1 or hamartin) and tuberous sclerosis complex protein 2 (TSC2 or tuberin). This complex 
inhibits the activity of the protein RAS homolog enriched in the brain (Rheb), thus preventing it from activating 
mTOR. Overexpression of growth factors, including IGF1, contributes to increased levels of active mTOR inside the 
cells of the cystic epithelium. IGF1 stimulates the activation of the AKT protein, which promotes tuberin phosphor-
ylation and consequent dissociation of the hamartin/tuberin complex (Figure 1C). The loss of the inhibitory complex 
activates Rheb, which then stimulates and activates mTOR. Activated mTOR promotes cell growth and proliferation by 
stimulating ribosomal protein S6 kinase beta 1 (S6K1), inhibiting eukaryotic initiation factor 4E-binding protein 1 
(4EBP1), and promoting VEGF synthesis via activation of hypoxia-inducible factor 1-alpha (HIF1α).61,77–79 Some 
studies have demonstrated that reduction of PC1 expression also contributes to the activation of the mTOR pathway by 
directly interfering with the functional activity of the hamartin/tuberin complex and/or allowing the activation of the 
MEK/ERK pathway, normally inhibited by PC1, resulting in increased tuberin phosphorylation by the ERK 
protein.80,81

Change in Bile Acid Metabolism
Changes in bile acid metabolism may also be involved in PLD development. Bile acids are known to regulate 
cholangiocyte functions, including cell proliferation. A study conducted by researchers in Spain showed that rats with 
PLD had increased intrahepatic concentration of bile acids, especially cytotoxic species, and reduced concentration of 
acids in the bile secreted by the liver. The researchers also found that patients with PLD had elevated bile acid levels in 
the cystic fluid and that some bile acids, such as glycodeoxycholic acid, had the ability to stimulate the proliferation of 
cystic cholangiocytes in vitro and promote hepatic cystogenesis.82 Lithocholic acid, taurocholic acid, and taurolithocholic 
acid are also known to stimulate cholangiocyte proliferation.83

Modifications in Cell-Matrix Interaction
Cell-matrix interactions are also involved in the progression and development of PLD. The extracellular matrix (ECM) is 
composed mainly of proteins and amorphous fundamental substance. The ECM remodeling process is regulated by the 
action of matrix metalloproteinases (MMPs), inhibitors of metalloproteinases, and hormones. Cystic epithelial cells show 
increased secretion of interleukin 6 (IL-6) and interleukin 8 (IL-8). These cytokines, which act in an autocrine/paracrine 
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Figure 1 Main cell signaling pathways involved in PLD. (A) Normal functioning of the mitogen-activated protein kinase (MAPK) pathway in the liver. (B) Dysfunction of the 
mitogen-activated protein kinase (MAPK) pathway and influence of intracellular calcium concentration on the pathogenesis of polycystic liver disease. (C) Mammalian target 
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manner, interact with the IL-6 receptor and CXC chemokine receptor type 1 (CXCR1), present on the plasma membrane 
of cystic cholangiocytes, and induce MMP overexpression. These enzymes remodel the ECM around the liver cysts, thus 
allowing their growth and expansion. Estrogens also act on cystic cholangiocytes by stimulating the expression and 
secretion of MMPs.9,84,85

Fibrosis
Fibrosis is characterized by the accumulation of ECM proteins, mainly collagen, in response to a process of chronic cell 
injury.86,87 It is a common alteration in patients with PLD.11 PLD can promote liver damage and of the bile ducts in 
different ways, but the main mechanisms involved are: biliary stasis, generated by abnormal dilation of the bile ducts, 
mechanical compression of the hepatic parenchyma around the hepatic cysts and complications related to hepatic cysts 
(rupture, hemorrhage and infection).29,86–88 Hepatic stellate cells (HSCs), under physiological conditions, are quiescent 
and are mainly related to the storage and metabolism of vitamin A, showing a low proliferative rate, modest expression 
of fibrogenic genes, low secretion of cytokines and absence of contractile properties, but in situations of cell injury these 
cells become activated, assuming a pro-inflammatory profile active, fibrogenic, contractile and with a high rate of 
proliferation.86,87

Chronic inflammation, with production of inflammatory cytokines such as tumor necrosis factor alpha (TNF-α), 
lymphotoxin, interleukin 1β (IL-1β) and lipid peroxidation products and the synthesis and release of cytokines and 
growth factors by damaged neighboring cells, such as transforming growth factor β1 (TGF-β1), platelet-derived growth 
factor (PDGF) and endothelin 1 (ET-1), stimulate the activation of HSCs. Activated HSCs (myofibroblasts) sustain their 
own activation from autocrine loops, including TGF-β1 secretion, and upregulation of their receptors, especially platelet- 
derived growth factor receptor β (PDGFR-β). The proliferation and fibrogenic activity of HSCs are mainly stimulated by 
PDGF and TGF-β1, respectively. Another characteristic of activated HSCs is their ability to resist apoptosis. During liver 
injury, hepatocytes and HSCs express IGF1, an important cell survival factor. TGF-β1 itself is also a factor that 
contributes to the survival of these cells.86,87

Activated HSCs synthesize fibrillar collagen and other extracellular matrix proteins that are eventually deposited in 
the space of Disse. This process can further enhance the fibrogenic activity of HSCs through 3 mechanisms. First, fibrillar 
collagens can bind to discoid domain receptors (DDRs) and activate cell signaling pathways that favor fibrogenesis. 
Second, the altered ECM can serve as a reservoir for several growth factors (PDGF, TGF-β), which are released and 
reach neighboring cells, including HSCs. Third, HSCs express several integrins on their surface whose ligands are ECM 
proteins. The activation of these integrins modulates a series of extremely important functions for HSCs, such as cell 
proliferation, contraction, migration and collagen synthesis. Activated HSCs also play an important role in hepatic 
inflammation, as they have the ability to secrete several pro-inflammatory cytokines and chemokines. Several vasocon-
strictor agents (ET-1, norepinephrine, angiotensin II, and thrombin) are also produced locally in the injured liver and 
stimulate the fibrogenic activity of activated HSCs. Adipokines can also modulate fibrogenesis. Elevated levels of leptin 
and/or reduced levels of adiponectin favor the process of hepatic fibrosis.86,87

PLD is part of the spectrum of fibrocystic liver diseases. This group of pathologies is characterized by the presence of 
malformations of the ductal plate and varying degrees of cysts and fibrosis in the liver and includes, in addition to 
polycystic liver disease, congenital hepatic fibrosis, Caroli’s disease and Von Meyenburg complexes or biliary 
hamartomas.29

Increased Fluid Secretion
Another factor that plays a key role in hepatic cystogenesis is increased secretion of fluid in the cystic lumen. Under 
physiological conditions, cholangiocytes regulatebile fluidity and alkalinity. The main hormone that controls this function 
is secretin.89,90 Secretin is a hormone produced by the S cells of the intestinal mucosa in response to a decrease in pH in 
the duodenum. Cholangiocytes have secretin receptors in the basolateral region of the membrane. Binding of secretin to 
its receptor increases intracellular cAMP levels and activates PKA, which in turn stimulates the insertion of multiple 
transporters and ion channels into the apical membrane of cholangiocytes, including the cystic fibrosis transmembrane 
conductance regulator (CFTR), which acts as a chloride channel, the anion exchange protein 2 (AE2), which acts as 
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a chloride/bicarbonate exchanger, and aquaporin water channel 1 (AQP1).89–92 When activated, CFTR releases chloride 
into the lumen of the bile ducts, which returns to the interior of the cholangiocytes when bicarbonate exits via AE2. The 
ionic flow involving CFTR and AE2 stimulates the displacement of water from the interior of the cholangiocytes to the 
lumen of the bile ducts via AQP1, thus increasing bile fluidity.89 In PLD, these proteins are overexpressed and 
mislocalized in cholangiocytes, which results in increased fluid secretion, dilation of bile ducts, and consequent 
expansion of cysts.93

Epigenetic Changes
Some studies have shown that epigenetic mechanisms may also be involved in hepatic cystogenesis. The abnormal 
expression of some groups of microRNAs (miRNAs) has been associated with the hyperproliferative phenotype of cystic 
cholangiocytes. Particularly, miRNA-15a appears to be underexpressed in some cases of PLD. Negative regulation of 
miRNA-15a promotes overexpression of cell division cycle 25A (CDC 25A) protein, thereby stimulating cell prolifera-
tion and accelerated growth of liver cysts.94 miRNA-30a, which is important for ductal plaque formation, is also 
underexpressed in cystic cholangiocytes.95 Histone deacetylase 6 (HDAC6), an enzyme predominantly located in the 
cytoplasm and involved in the regulation of various cellular processes, including the cell cycle, has also been associated 
with PLD pathogenesis. Some carriers of the disease show overexpression of HDAC6 in cystic cholangiocytes. High 
HDAC6 levels promote deacetylation of α-tubulin, which is present in the primary cilium, an event that may lead to 
ciliary malformation and dysfunction and also stimulate cell proliferation by regulating Wnt signaling through β-catenin 
deacetylation.96–98

Increased Autophagy
Autophagy, a process related to the degradation and recycling of cytoplasmic constituents, is also altered in PLD. Some 
organelles involved in the autophagic machinery show changes in cystic cholangiocytes. Autophagosomes, lysosomes 
and autolysosomes show an increase in number and size in patients with polycystic liver disease, indicating an important 
dysfunction in the lysosomal autophagic pathway. Cystic cholangiocytes express aberrant proteins related to the 
modulation and control of autophagy, thus promoting increased autophagic flux.9,99

The increase in autophagy is directly related to impaired ciliogenesis, increased cell proliferation and progression of 
hepatic cystogenesis. PLD carriers show overexpression of HDAC6 in the primary cilium region. The deacetylase 1 
domain (DAC1) of HDAC6 also functions as a ubiquitin ligase and acts by ubiquitinating structural proteins of the 
primary cilium, specifically ARL3 and ARL13B, which are forwarded to autophagosomes for further degradation. 
Depletion of ARL3 and ARL13B not only alters the morphology of the primary cilium but also affects the ciliary 
location of the G protein-coupled bile acid receptor 1 (TGR5). TGR5 is a receptor related to the cAMP signaling pathway 
and one of the main sensory/signaling proteins of the primary cilium.100–103

In PLD, due to the reduced levels of ARL3 and ARL13B, TGR5 is abnormally expressed in the apical region of the 
primary cilium and its activation promotes an increase in intracellular levels of cAMP, an event that favors the cell 
proliferation of cystic cholangiocytes and, consequently, the hepatic cystogenesis. Pharmacological inhibition of autop-
hagy by mefloquine and verteporfin restores levels of ARL3 and ARL13B and restores proper localization of TGR5, thus 
reducing hepatic cystogenesis. Thus, the inhibition of the autophagic pathway becomes an interesting therapeutic strategy 
for the control of PLD.100,104

Abnormal Proteostasis
Most genes involved in PLD encode proteins residing in the endoplasmic reticulum (ER). These proteins play an 
important role in the regulation of protein synthesis, folding, trafficking and degradation in the ER. Patients with PLD 
have altered proteomic profiles, mainly related to proteostasis. Proteostasis disorders cause accumulation of aberrant 
proteins and consequent ER stress, triggering 3 adaptive mechanisms: activation of the unfolded protein response (UPR), 
ER lumen dilation and hyperactivation of the ubiquitin-proteasome system (UPS). When ER stress levels are low, 
adaptive mechanisms are able to restore proteostasis and reduce stress, reinforcing the survival and proliferation of cystic 
cholangiocytes. However, under conditions of chronic and high stress, adaptive mechanisms fail to restore proteostasis 
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and cystic cholangiocytes are induced to cell death. The use of ER stress inhibitors, specifically 4-phenylbutyric acid 
(4-PBA), contributes to the restoration of proteostasis, thus delaying the progression of PLD.10 Therefore, the resumption 
of proteostasis, with a consequent reduction in the stress of the RE, represents a promising strategy in the treatment 
of PLD.

Other Mechanisms Involved in Hepatic Cystogenesis
It was recently discovered that several proteins of the hemostatic system are upregulated in PLD. In the presence of tissue 
and vascular injury, the coagulation cascade is activated, culminating in the enzymatic conversion of fibrinogen to fibrin, 
the latter being further degraded by plasmin during the fibrinolysis process. A recent study based on quantitative 
proteomics revealed overexpression of several proteins of the fibrinogen complex in animals with PLD, including the 
serum amyloid P component (SAMP), the fibrinogen beta chain (FIBB), the fibrinogen alpha chain (FIBA) and 
fibrinogen gamma chain (FGG).105 It is known that fibrinogen is related to the distribution of interstitial collagen and 
formation of fibrotic lesions in the liver.106 Elevated levels of annexin A2 (ANXA2), a protein related to several cellular 
functions, have also been observed, including fibrinolysis, inflammation regulation and tissue repair. Dysfunctions in 
ANXA2 have been related to changes in ECM remodeling and hepatic fibrosis.105,107–109 In view of the above, the 
fibrinogen complex is identified as a possible factor involved in the progression of PLD and as a possible therapeutic 
target in the future.

Clinical Presentation
Approximately 95–98% of PLD cases are clinically asymptomatic, but a small proportion develop disabling symptoms 
and a significant reduction in quality of life.7,110–112 The number, size, location, and distribution of the cysts determine 
the spectrum of symptoms, with most being associated with mass effect or compression imposed by hepatomegaly.113 

Abdominal distension usually occurs in patients with significant hepatomegaly. Increased tension in Glisson’s capsule 
can cause abdominal pain. Symptoms of early satiety, postprandial fullness, gastroesophageal reflux, and digestive 
intolerance can be observed in cases of gastric and/or duodenal compression. These symptoms may lead the patient to 
restrict the number of meals, which can lead to weight loss and severe malnutrition. Malnutrition is generally diagnosed 
late because the reduction in body weight is partially masked by abdominal distension and increased liver weight. The 
presence of cysts in the region of the hepatic dome that promotes diaphragm elevation and, therefore, restriction of 
thoracic expansion is directly related to dyspnea symptoms.16,112,114–116 Moreover, some patients report lumbar pain, 
which is possibly associated with compression of neighboring structures.110 Patients with expressive symptoms have 
significant impairment in the quality of life. The progressive increase in abdominal volume affects body image and limits 
the performance of simple tasks, such as activities involving trunk flexion, which significantly affects the self-esteem of 
these individuals.4,117

Compression of important vascular structures by hepatic cysts can occur but rarely leads to significant clinical and 
hemodynamic changes.115,118–120 The growth of cysts in the region of the hepatic hilum may compress the portal vein, 
resulting in portal hypertension (PH). Secondary complications of PH result from severe hepatic fibrosis, including 
splenomegaly, ascites, variceal hemorrhage, and encephalopathy, but the development of liver cirrhosis is a rare 
event.121–125 Compression of the inferior vena cava frequently occurs, but in most cases, there are no hemodynamic 
repercussions.115,119,120 Conversely, compression of hepatic veins is much more common, leading to the formation of 
intraparenchymal and subcapsular veno-venous collaterals, a situation that may increase the risks of hemorrhagic events 
during surgical interventions.115,126,127 Intrahepatic bile ducts are often compressed by hepatic cysts, but hilar compression 
of extrahepatic bile ducts is rare. Thus, compression of the biliary tree may be associated with the development of jaundice 
in these patients.124,128–130 Liver failure is rarely observed and usually associated with a very advanced disease stage.110,116

PLD can develop in both sexes, but women usually have a more severe hepatic phenotype, especially those with 
a history of multiple pregnancies and prolonged exposure to exogenous estrogen.131,132 Women have a higher mean liver 
volume, present the condition earlier, and are more susceptible to progressive PLD.110,116,133 Liver volume increases 
during the reproductive period and stabilizes in postmenopause, secondary to reduced endogenous estrogen 
synthesis.7,134 There is no consensus on the effects of pregnancy on liver volume in women with DHP. Pregnancy is 
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not contraindicated in these women, but they should receive preconception counseling about the risk of transmitting the 
disease to the newborn.7

The main risk factors involved in the progression of PLD are as follows: advanced age, female sex, exposure to 
estrogen (use of oral contraceptives, estrogen replacement therapy), severity of renal dysfunction, and volume of renal 
cysts.112,135

Measuring the severity of the disease can be difficult, since the liver volume identified in the imaging tests may not be 
consistent with the symptoms expressed by the patient. Therefore, the assessment of the severity of symptoms can be 
obtained more reliably from the application of specific questionnaires for patients with PLD. Currently, two validated 
instruments have been used: the polycystic liver disease questionnaire (PLD-Q) and polycystic liver disease complaint- 
especific assessment (POLCA).7

Complications
Patients with PLD may also present with acute complications associated with hepatic cysts. Approximately half of 
patients with advanced PLD had cyst hemorrhage, rupture, or infection at some point. These complications appear to be 
more frequent in individuals presenting with ADPKD than in those with ADPLD.114,116,124

Intracystic hemorrhage occurs more commonly in large cysts. It usually manifests as sudden, non-radiating pain in the 
right hypochondrium. In some cases, abdominal pain is reported as colicky and accompanied by vomiting. Usually, the 
pain spontaneously disappears after a few days without fever or significant changes in laboratory test results. Elevated 
intracystic pressure, rapid cyst growth, and direct trauma are presumed to be triggering factors for this complication. The 
diagnosis of intracystic hemorrhage is dependent on imaging. Ultrasonography (US) or magnetic resonance imaging 
(MRI) show internal septations and/or deposits of fibrin aggregates inside the cyst. Conservative treatment is recom-
mended for patients with mild symptoms. In the case of patients with significant symptoms and unremitting pain, 
fenestration or enucleation of the hemorrhagic cyst may be considered.136–142

Hepatic cyst infection is a serious complication due to the high risk of progression to sepsis. It usually has an indolent 
course and high risk of recurrence. The identification of inflammatory cells and bacteria in the cystic aspirate is 
considered the gold standard for diagnosis. If cystic aspirate is not available, clinical, biochemical, and radiological 
parameters should be considered to establish the diagnosis. Clinically, cystic infection is characterized by right upper 
quadrant pain, malaise, and fever. Elevated C-reactive protein and carbohydrate antigen 19–9 (CA 19–9) levels may be 
detected in patients presenting with hepatic cyst infection. Imaging studies showing cyst wall thickening and hetero-
geneous fluid (cell debris) are suggestive of infection but are inaccurate. It is believed that hepatic cyst infection occurs 
due to translocation of intestinal bacteria. Escherichia coli and Klebsiella are the main bacteria isolated in aspirates from 
infected cysts. The initial treatment is usually based on broad-spectrum antibiotic therapy. However, complete remission 
of the infectious presentation is not achieved in 64% of patients treated with antibiotics, and in these cases, drainage of 
the infected cyst is recommended.5,143–147

Hepatic cyst rupture is an extremely rare complication. Rupture is associated with a substantial increase in cystic 
volume that may spontaneously occur or may be secondary to hemorrhage. The increased volume reduces the stability of 
the cyst and increases the risk of rupture. The most common symptom is acute, severe abdominal pain. Imaging 
examinations show fluid around the liver and often a residual cyst. In most cases, treatment is conservative. Some 
patients may present hemodynamic instability, requiring percutaneous drainage of ascites and liver cysts or surgical 
intervention.148–150

Diagnosis
Asymptomatic individuals usually do not show changes in laboratory test results. Liver function is not affected in most 
patients, even in the presence of numerous cysts. Symptomatic patients or those with advanced disease may have 
elevated serum gamma glutamyl transferase, alkaline phosphatase, aspartate amino transferase, and total bilirubin 
levels.136,151–154

Elevated levels of CA 19–9 can also be observed in patients with PLD and are directly related to polycystic liver 
volume. Some studies suggest using CA 19–9 as a biomarker for PLD, which can be used to monitor disease progression 
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and treatment efficiency, but its sensitivity and specificity have not yet been characterized, thus making its routine use in 
clinical practice difficult.155–157 It is important to point out that the levels of CA 19–9, whether in the blood or in the 
cystic fluid, do not allow the differentiation between hepatic cysts (solitary or associated with PLD) and mucinous cystic 
neoplasms.7

The levels of other tumor markers, such as carbohydrate antigen 125, carcinoembryonic antigen, and alpha- 
fetoprotein, may also be elevated in patients with PLD but less frequently than the CA19-9 level. The sensitivity and 
specificity of these other markers is also not established, and studies with higher quality and sample size are needed for 
better conclusions of their indications and applicability in the management and monitoring of the progression of 
PLD.155,158–161

The diagnosis of PLD is based on the family history of polycystic liver and/or kidney disease, clinical manifestations, 
and radiological evidence of the presence of a cystic phenotype in the kidneys and/or liver. Imaging examinations are 
also an important tool to exclude other causes of hepatomegaly. US and computed tomography (CT) are the most widely 
used modalities because of image quality, availability, and reasonable cost. US is a fast and easily accessible method that 
does not use ionizing radiation, and should be the initial imaging test to diagnose PLD.7 CT is highly sensitive in the 
characterization of the distribution, location, and size of hepatic cysts. It is an excellent tool for the evaluation of PLD 
complications and identification of cysts in other abdominal sites (Figure 2). MRI is not routinely used but is highly 
sensitive in the detection of cysts and provides valuable information for surgical planning (Figure 3). There is no 
indication for radiological monitoring of patients with asymptomatic PLD.4,7,151,162,163

Nuclear medicine tests can also be used in the management of PLD. Although imaging methods have made great 
advances in recent decades, the diagnosis of liver cyst infection remains a challenge, largely due to nonspecific signs and 
symptoms and the reduced accuracy of conventional imaging techniques. Recent studies have suggested positron 
emission computed tomography with 18 - fluorodeoxyglucose (18FDG PET/CT) as the test of choice in the diagnosis 
of cystic infection.164–16718FDG is a glucose analogue that accumulates inside inflammatory cells. In the presence of 
inflammatory processes, these cells, aiming to increase their metabolic rate, increase the expression of glucose receptors 
(GLUT-1 and GLUT-3) and the synthesis of enzymes involved in the glycolytic pathway, consequently increasing the 
uptake of 18FDG.164,166,168

Figure 2 Contrast-enhanced computed tomography image, portal phase. (A) Axial section. (B) Sagittal section, showing liver with increased size and a sequence of images 
of multiple of liver cysts of varying sizes, with fluid density and thin and regular walls, and without enhancement after contrast injection.
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The sensitivity and specificity of 18FDG PET/CT in the diagnosis of cystic infections are still unclear. The main 
advantages of 18FDG PET/CT are speed in obtaining images, high target/background ratio, higher spatial resolution and 
low radiation dose, while its disadvantages include high cost and restricted availability. In addition, 18FDG uptake is not 
exclusive to infectious processes, but may occur in other clinical conditions, such as neoplasms.165,166,169 Scintigraphic 
techniques using gallium citrate 67 (67Ga) and leukocytes labeled with indium 111 (111In) have also been described in the 
literature, but more consistent studies are needed to determine their real benefits and indications in the diagnosis of cystic 
infections.170–173

Genetic tests are mainly used to differentiate between polycystic disorders in cases of atypical clinical presentation 
and to confirm the diagnosis of ADPKD in the following situations: presence of imaging tests with atypical kidney 
changes or not consistent with the clinical presentation and sporadic polycystic kidney disease without history 
familial.7,174,175 Analysis of the PKD1 and PKD2 genes can help to distinguish between ADPLD and ADPKD, especially 
in young patients, with few renal cysts and several liver cysts and who do not meet Ravine’s diagnostic criteria.174,176 

Unfortunately, only 30–45% of patients diagnosed with ADPLD have some known mutation identified in genetic 
tests.7,14,25 Currently, genetic tests are not routinely used in the diagnosis and management of PLD, since the genotype- 
phenotype correlation is not completely established and also because the results obtained do not change the therapeutic 
management of the disease.7

The great advancement of genetic sequencing technologies in recent years has enabled the development of faster, 
more comprehensive and affordable genetic tests. Next-generation sequencing techniques, including whole exome 
sequencing, have been used in the diagnosis of PLD, mainly due to the high number of disease-related genes. Some 
institutions have developed specific gene panels to investigate liver diseases, including PLD, thus optimizing the 
diagnostic process. Open exome sequencing can be used in the absence of a pathogenic variant identified in the gene 
panels. The results of genetic tests can cause additional problems for people with PLD, mainly related to life insurance, 
health insurance, pension fund, mortgage or employment. Thus, every patient must be previously instructed before 
performing these exams.174

Currently, the presence of more than 10 hepatic cysts confirms the diagnosis of PLD.7 However, distinguishing 
between the different diseases included in the spectrum of PLD can be difficult because patients with ADPLD may 

Figure 3 Magnetic resonance image. (A) Axial section showing multiple liver cysts with low signal on T1-weighted sequence. (B) Axial section showing multiple liver cysts 
with low signal on the T1-weighted sequence, without enhancement after infusion of paramagnetic contrast in the portal phase. (C) Axial section showing multiple liver cysts 
with high signal on T2-weighted sequence. (D) Coronal section, 2D multiplanar reconstruction, in T2 sequence.
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present with renal cysts and patients with ADPKD and ARPKD may present with hepatic cysts.116,177–179 Some factors, 
such as family history, age, liver phenotype, and radiological features, may help in this differentiation. Figure 4 show the 
diagnostic criteria for ADPLD.

Classification
Most patients with PLD remain asymptomatic over time; however, the presence of symptoms requires imaging 
examinations to assess the disease severity. To date, four clinical classifications have been proposed to assess the 
severity of PLD: Gigot, Schnelldorfer, Qian, and Mayo classifications.6,116,183

The Gigot classification (Table 2) is most commonly used in clinical practice. It classifies PLD into three types based 
on CT images and the number and size of liver cysts and amount of preserved liver parenchyma. Patients with a limited 
number of large cysts are classified as Gigot type I. Gigot type II classification includes patients with diffuse distribution 
of multiple medium-sized cysts in the liver parenchyma and large areas of non-cystic liver parenchyma. In Gigot type III, 
the most severe form of PLD, there is massive and diffuse involvement of the hepatic parenchyma by small- and 
medium-sized hepatic cysts, with small areas of normal hepatic parenchyma. Patients classified as Gigot type I are not 
technically classified as patients with PLD because of the low number of hepatic cysts. This is a classification that does 
not consider the degree of vascular involvement of the hepatic parenchyma or the symptoms presented by the patient for 
the purpose of categorization. The Gigot classification aims to identify patients who would benefit from fenestration of 
hepatic cysts and is inadequate to evaluate disease progression.154

The Schnelldorfer classification (Table 3) is also based on CT imaging. It classifies PLD severity into four types and, 
in addition to the characteristics of the cysts and area of preserved liver parenchyma, considers the venous involvement 
and presence or absence of symptoms for categorization purposes. This classification aims to identify patients who would 
benefit from partial hepatectomy or liver transplantation (LT).184

The Qian classification (Table 4) is based on US findings and the number of cysts and presence of symptomatic 
hepatomegaly. It classifies the PLD severity into five grades. This classification does not aid in the therapeutic decision 
and is highly simplified. Therefore, it is rarely used in clinical practice, being mainly used in the context of familial 
screening.110

Figure 4 Diagnostic criteria for ADPLD. 
Notes: Data from Reynolds et al,180 Cnossen and Drenth,181 and Patel et al.182
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Recently, researchers from the Mayo Clinic in the United States have proposed a new classification for PLD 
(Table 5). This classification is based on CT or MRI findings and categorizes the disease into four types according to 
severity. The Mayo classification also aims to identify patients who would benefit from partial hepatectomy with 
fenestration of remaining cysts or LT.183

Despite the various proposed classifications, there is no consensus or guideline that determines the most appropriate 
option for use in clinical practice, but the Gigot and Schnelldorfer classifications seem to be the most used in most 
clinical and observational studies of DHP.177,182,185,186

Treatment
PLD treatment is indicated only for symptomatic patients, and its main objective is to reduce the symptoms caused by 
increased liver volume.7,187 Recently, the European Association for the Study of the Liver (EASL) released guidelines for 
the management of cystic liver diseases, including PLD.7

Table 2 Gigot Classification for Polycystic Liver Disease

Number of Cysts Cyst Size Remaining Areas of Noncystic Liver Parenchyma

Gigot type I < 10 Large (> 10 cm) Large

Gigot type II Multiple Small–medium Large

Gigot type III Multiple Small–medium Few

Note: Data from Gigot et al.154

Table 3 Schnelldorfer Classification for Polycystic Liver Disease

Symptoms Cyst Areas of 
Relative 

Normal Liver 
Parenchyma

Isosectoral Portal Vein 
or Hepatic Vein 

Occlusion of Preserved 
Sector

Proposed Treatment

Type A Absent or mild Any Any Any Observation or Medical 

treatment

Type B Moderate or severe Limited number of 

large cysts

≥ 2 sectors Absent Cyst fenestration

Type C Severe (or moderate) Any ≥ 1 sector Absent Partial hepatectomy with 

remnant cyst fenestration

Type D Severe (or moderate) Any < 1 sector Present Liver transplantation

Note: Data from Schnelldorfer T et al.184

Table 4 Qian Classification for Polycystic Liver Disease

Number of 
Cysts

Symptomatic 
Hepatomegaly

Grade 0 0 Absent

Grade 1 1–10 Absent

Grade 2 11–20 Absent

Grade 3 > 20 Absent

Grade 4 > 20 Present

Note: Data from Qian et al.110
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The use of oral contraceptives and estrogen-based hormone replacement therapy worsens the severity of PLD and 
should be discouraged in women with the disease.6,7,62,188 A recent study revealed that the use of estrogen-containing 
oral contraceptives in premenopausal women promoted a 1.45% increase in height-adjusted total liver volume (hTLV) for 
each year of exposure, compared to women not exposed to estrogen.188 Women with PLD of childbearing age should be 
instructed to use non-hormonal contraceptive methods and their daughters should avoid exposure to exogenous estrogen 
until disease involvement is ruled out.188

The treatment of PLD can be divided into three modalities: pharmacological, percutaneous and surgical.177 The 
algorithm for the treatment of PLD can be seen in Figure 5. Post-treatment imaging tests are not indicated, as the 
effectiveness of the treatment is defined for the relief of symptoms and not for the reduction of the volume of the hepatic 
cysts. Thus, it is recommended the use of specific instruments to assess the severity of symptoms (PLD-Q or POLCA) 
and consequent more reliable analysis of the effectiveness of the proposed treatment.7,189

Pharmacological Treatment
Somatostatin Analogues
Somatostatin receptors (SSTRs) belong to the family of G protein-coupled receptors and are directly related to the Giα 
subunit. They are classified into five different subtypes: SSTR1, SSTR2, SSTR3, SSTR4, and SSTR5. The binding of 
somatostatin or its analogues to these receptors promotes Giα subunit activation and consequent inhibition of the enzyme 
adenylate cyclase. Consequently, intracellular cAMP levels decrease, thereby reducing fluid secretion within hepatic 
cysts and activation of cell proliferation pathways.83,190–194 Cholangiocytes express all subtypes of somatostatin 
receptors.9

Octreotide and lanreotide were the first somatostatin analogues introduced in clinical practice. These drugs have 
higher affinity for SSTR2, lower affinity for SSTR5 and SSTR3, and almost no affinity for the SSTR1 and SSTR4. 
Pasireotide is a second-generation somatostatin analogue that has a broader binding spectrum, interacting with SSTR1, 
SSTR2, SSTR3, and SSTR5, and has higher binding affinity, with the exception of the SSTR2 receptor than octreotide 
and lanreotide. Currently, these drugs are the main pharmacological treatment option for patients with PLD, being 
prescribed off-label in most cases.9,194–197

The reduction in liver volume promoted by somatostatin analogues occurs independently of the type of inherited 
polycystic disorder, but efficacy appears to be directly related to the administered dose.198–200

There is some controversy regarding the clinical indication of somatostatin analogues and characteristics of patients 
who would benefit the most from this treatment. Some authors advocate the use of these drugs only in patients with 
significant symptoms (Schnelldorfer types C and D) and who have contraindications for surgical intervention or 
unsatisfactory results with conventional treatment.6,112,131,182,201–203 Other authors argue that somatostatin analogues 

Table 5 Mayo Classification for Polycystic Liver Disease

Symptoms Characteristics Preserved Liver 
Parenchyma

Impairment of the 
Venous Circulation 

of the Hepatic 
Sector Preserved

Proposed 
Treatment

Type A Mild Any Any Any Observation

Type B Moderate or severe Limited number of 

large cysts

Any Any Cyst fenestration

Type C Severe Multiple cysts ≥ 1 sector Absent Partial hepatectomy 
and cyst fenestration

Type D Severe Multiple cysts with 
diffuse distribution

< 1 sector Present Liver transplantation

Note: Data from Chebib et al.183
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should be used at an early stage, specifically in asymptomatic patients or those with mild symptoms (Schnelldorfer type 
A) to avoid disease progression and the need for invasive procedures in the future.177,204,205 The latest EASL guideline 
recommends the use of somatostatin analogues in patients who have numerous small to medium sized cysts distributed 
throughout the liver.7 Young (age ≤ 48 years) and female patients with PLD seem to benefit the most from the use of 
these drugs.206

In recent years, several clinical studies have sought to demonstrate the effectiveness of somatostatin analogues in 
reducing liver volume and controlling the progression of PLD. Pisani et al found a 130 ± 133.3 mL (7.8% ± 7.4%) 
reduction in total liver volume (TLV) in patients who received extended-release ocreotide and an increase of 144.3 ± 
316.8 mL (6, 1% ± 14.1%) in the control group after a period of 3 years of treatment. The authors also observed that the 
reductions in TLV were maintained for 2 years after the end of treatment.205 Another clinical study by van Aerts et al 
found a reduction in liver volume of 5.9% in patients who used lanreotide for 120 weeks when compared to the control 
group. The authors also noted that the reduction was still present 4 months after stopping lanreotide treatment.207 Hogan 
et al observed a reduction in height-adjusted total liver volume (hTLV) from 2582 ± 1381 mL/m to 2479 ± 1317 in 
patients who received extended-release pasireotide and an increase in TLV from 2387 ± 759 mL/m to 2533 ± 770 mL/m 
in the control group within 12 months of treatment.208 The main adverse events observed in these studies and related to 
use of these drugs were: cholelithiasis, acute cholecystitis, cystic infection, hyperglycemia, diarrhea, dizziness, abdom-
inal pain, nausea, fatigue, alopecia, bradycardia and diabetes.205,207,208

Recently, some meta-analyses sought to provide evidence to justify the use of somatostatin analogues in clinical 
practice. Griffiths et al performed an analysis involving 311 patients with PLD. The authors observed a significant 
reduction in TLV when compared to the control group (mean difference - 0.15 L, [95% CI - 0.26 to - 0.03], 5 studies, p = 
0.01, I2 = 0%), but the dosage of the somatostin analogues used in these studies was very varied. The authors also noted 
that lanreotide appears to have better results in reducing TLV and total renal volume (TKV) when compared to ocreotide, 
but to date there is no consensus on the most suitable agent for use.209 Another meta-analysis performed by Suwabe et al 
involving 363 patients with PLD showed that the use of these drugs was associated with a lower rate of increase in TLV 

Figure 5 Algorithm for the treatment of polycystic liver disease. 
Note: Data from van Aerts RMM.6
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when compared to the control group (mean difference - 6.37%, [CI 95% −7.90 to −4.84], 6 studies, p < 0.00001, I2 = 
14%).210 Garofalo et al performed an analysis involving 332 patients with PLD. The results revealed a greater reduction 
in liver volume in patients using somatostatin analogues when compared to the placebo group (mean difference - 
176 mL, [CI 95% - 406 to 54], 6 studies, p < 0.133, I2 = 0%), but this difference was not statistically significant.211 

Despite the results presented, more studies are needed to define the cost-effectiveness of the treatment in the long-term.

mTOR Inhibitors
These agents bind to FK506-binding protein 1A to form a drug-protein complex that inhibits cytoplasmic mTOR 
activation. mTOR inhibition decreases hepatic cystogenesis by preventing the activation of signaling pathways related 
to cell growth and proliferation.212

There are few studies evaluating the effectiveness of mTOR inhibitors in the treatment of PLD. A clinical trial 
involving 44 patients with PLD compared the efficacy of everolimus combined therapy plus octreotide to octreotide 
monotherapy in reducing liver volume. The results showed no significant difference between the two treatment regimens. 
Thus, there was no additive effect of everolimus in reducing liver volume.213 A systematic review that evaluated the 
effectiveness of these drugs in reducing liver volume revealed that there are no significant benefits from the use of 
everolimus or sirolimus in the treatment of PLD.204

Adverse events associated with the use of these drugs are directly related to their immunosuppressive and anti-
proliferative properties.79,214,215 The main adverse events described in the literature include: microangiopathic throm-
bosis, thrombocytopenia, lymphopenia, anemia, interstitial pneumonitis, skin rashes, hyperglycemia, dyslipidemia, 
reduced fertility male, delayed healing and lymphocele.8,177,215 Due to their toxicity and lack of evidence, these drugs 
should not be used in the treatment of patients with PLD.7,8,112,177,204,213

Vasopressin V2 Receptor Antagonists
Vasopressin is a peptide hormone that has three different receptors: V1a, V1b, and V2.216 The V2 receptor (V2R) is 
expressed mainly in the renal tubular epithelium, but cholangiocytes also express it.217 V2R is a G protein-coupled 
receptor, specifically related to the Gsα subunit, that promotes the activation of the enzyme adenylate cyclase when 
stimulated. Activated AC increases intracellular cAMP levels and promotes subsequent activation of PKA. In cystic 
cholangiocytes, these events increase the rate of cell proliferation and secretory activity, thereby potentiating hepatic 
cystogenesis.216,217

The efficacy of V2R antagonists in PLD treatment has been rarely investigated. Isolated case studies have shown that 
Tolvaptan promotes liver volume reduction and improvement of abdominal symptoms in patients with PLD.218,219 The 
main adverse events related to the use of these drugs are thirst, polyuria, nocturia, polydipsia, and increased liver enzyme 
and sodium and uric acid levels.220 Studies with better methodological quality and larger sample sizes are necessary to 
confirm these drugs as potential therapeutic options in PLD treatment.

Ursodeoxycholic Acid
Ursodeoxycholic acid (UDCA) is a hydrophilic bile acid that acts by reducing the rate of cholangiocyte cell proliferation, 
stimulating hepatobiliary secretion, and protecting cholangiocytes from the cytotoxic effects of hydrophobic bile acids. 
UDCA acts on cholangiocytes and hepatocytes by increasing intracellular calcium levels. This increase is mediated by 
the recruitment of intracellular calcium stores sensitive to inositol 1,4,5-triphosphate (IP3), independently of IP3 

synthesis, and influx of extracellular calcium through unknown mechanisms. Restoring physiological calcium concen-
trations in cystic cholangiocytes restores the activity of PI3K enzyme, thereby inhibiting BRAF-dependent cell prolif-
eration pathways.82,221–227

In hepatocytes, increased intracellular calcium promotes the activation of protein kinase C alpha, which promotes 
vesicular exocytosis and subsequent insertion of multidrug resistance-associated protein 2 (MRP2) (related to secretion 
of organic anions) and bile salt export pump (BSEP) (related to bile acid secretion) in the canalicular membrane. UDCA 
also increases the expression of these proteins by positively regulating gene transcription. Moreover, the drug increases 
bicarbonate secretion in the bile ducts. It is speculated that this process is associated with calcium-dependent mechanisms 
through the activation of calcium-dependent chloride channels and concomitant stimulation of chloride/bicarbonate 
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exchange via AE2. Increased expression of MRP2 and BSEP and increased bicarbonate secretion favor the synthesis and 
secretion of bile, thereby reducing the retention of bile acids and other potentially toxic compounds in the liver.225–227

Few studies evaluated the efficacy of UDCA in PLD treatment. D’Agnolo et al conducted a multicenter, randomized, 
controlled clinical trial involving 34 patients with PLD, with both ADPKD and ADPLD, to assess the effects of UDCA 
on total liver volume. The results showed that UDCA was unable to promote total liver volume reduction; however, it 
decreased cystic liver volume in patients with ADPKD.228 Diarrhea is the main adverse event related to the use of this 
drug.228 Currently, treatment with UDCA is not indicated for patients with HPD.7

Percutaneous Treatment
Aspiration with Sclerotherapy
Aspiration with sclerotherapy is a minimally invasive procedure that is considered safe and effective. It is guided by imaging 
and consists of puncture and aspiration of the cystic content, followed by injection of a sclerosing agent that remains in contact 
with the inner wall of the cyst for a pre-established period and is subsequently aspirated. The sclerosing substance promotes 
the destruction of the epithelial lining of the cyst, thus inhibiting the production and accumulation of fluid inside it.229–231 The 
main sclerosing agents used are ethanol, ethanolamine oleate, minocycline, and tetracycline.187,232–234 The procedure is 
indicated for patients classified as Gigot type I or Schnelldorfer B and who present symptoms directly related to the presence 
of a dominant cyst (diameter > 5 cm).5,8,177,232 In most cases, a single session is sufficient to abolish the activity of the 
dominant cyst although some patients may require more sessions to achieve a satisfactory therapeutic response.235

Wijnands et al performed a systematic review evaluating the efficacy of aspiration with sclerotherapy. The review 
involved 16 studies, which included 526 patients with a total of 588 treated cysts. The authors reported a rate of cystic 
volume reduction between 76% and 100%. With regard to improvement of the clinical presentation, 72–100% of patients 
reported improvement of symptoms and 56–100% reported disappearance of symptoms.236 Abdominal pain, mainly 
related to peritoneal irritation caused by the sclerosing agent, and bleeding of the liver cyst are the main complications 
associated with the procedure.236,237 It is important to emphasize that, despite its benefits, aspiration with sclerotherapy is 
a procedure rarely used in clinical practice because most patients diagnosed with PLD have multiple cysts or cysts whose 
size does not justify this approach.8,177

Transcatheter Arterial Embolization
Transcatheter arterial embolization (TAE) is a treatment modality that aims to selectively embolize the hepatic artery branches 
that supply the liver regions affected by cysts. Blood supply restriction reduces the production of fluid inside the cysts, leading 
to a decrease in the volume of the cysts and, consequently, in the total volume of the liver, thus improving the symptoms 
caused by hepatomegaly. The main embolizing agents used are microcoils and polyvinyl alcohol particles.238–241

A recent study conducted by Yan et al involving 14 patients with PLD showed improvement of symptoms in 93% of 
patients after TAE. There was also a reduction in total liver volume, from 9,776 ± 2,219 cm3 in the pre-treatment to 8,303 
± 2,009 cm3 6–12 months after the procedure.242 Despite the expressive results, a retrospective study involving 18 
patients undergoing TAE in PLD treatment showed a significant rate of treatment failure. Of the 23 procedures performed 
during the study, only seven showed satisfactory results; that is, the treatment failure rate was 69.6%.243 The main 
complications related to TAE are abdominal pain, low fever, reduced appetite, nausea, and leukocytosis.239,244 In most 
cases, these symptoms are self-limited and reversible. Severe complications, such as infection of hepatic cysts and liver 
failure, are also described in the literature.245 More robust, preferably controlled studies are needed to confirm whether 
TAE is safe and effective in PLD treatment.4,8,115,177

Surgical Treatment
Fenestration
Fenestration was for a long time considered the main treatment option in PLD management.246 It is a technique that 
combines aspiration and disruption of the cyst wall. The main advantage of fenestration is that it addresses multiple cysts 
in a single intervention.237,247 It can be performed by laparotomy or laparoscopy.248,249 Laparoscopic fenestration is the 
procedure of choice in most cases, but in situations of difficult access to hepatic cysts, such as cysts located in the right 
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posterior segments (VI and VII) or liver dome (segment VIII), open fenestration is the best option.247,248,250 The 
comparison of the recurrence rate of cysts between laparoscopic and open fenestration shows no significant difference 
between the techniques.249

A systematic review by Bernts et al evaluating 1314 patients submitted to laparoscopic fenestration showed improvement 
of symptoms in 90.2% of cases. The rate of symptom recurrence and reintervention was 9.6% and 7.1%, respectively. 
Postoperative complications developed in 10.8% of cases, and the mortality rate related to the procedure was 1.0%. This 
study included symptomatic patients with non-parasitic liver cysts. After a subgroup analysis, the authors detected 
significantly higher rates of symptom recurrence (33.7%), reintervention (26.4%), and complications (29.3%) among patients 
with PLD.251 The main predictors of procedure failure areas follows: history of abdominal surgical procedures, presence of 
deep cysts, incomplete deroofing, cysts located in segments VII and VIII, and presence of diffuse PLD.237

Fenestration is indicated mainly for patients with multiple large cysts classified as Schnelldorfer B or Gigot type I. The 
procedure can also be used in cases of unsatisfactory results of aspiration with sclerotherapy.154,177,248 The main complications 
related to fenestration include ascites, pleural effusion, hemorrhage, and bile leakage.252 Laparoscopic fenestration is 
associated with shorter hospital stay and lower complication rates than open fenestration and therefore considered the 
treatment of choice for symptomatic patients with a limited number of large cysts. Despite the small number of quality 
studies, fenestration appears to be an effective option for the treatment of patients with PLD.237,251,253,254

Hepatic Resection
Liver resection is a therapeutic option aimed at patients with symptomatic PLD with localized involvement of some 
segments of the hepatic parenchyma and significant hepatomegaly, but who have normal or little affected liver segments.7 

The procedure is indicated mainly for patients with Gigot type II or Schnelldorfer C classifications.177,184 Hepatic 
resection can also be performed in patients in whom hepatic fenestration does not significantly reduce liver volume or in 
cases in which LT is contraindicated or has a high probability of failure.237

It is recommended that the remaining normal hepatic parenchyma corresponds to at least 25–30% of the total liver volume 
and that the preserved area does not present alterations in venous drainage.126,127,183,255,256 Distortion of intrahepatic 
vascularization, biliary tree, and fibrous capsule of liver (Glisson’s capsule) caused by the compression of cysts, and limited 
mobility of the liver related to the rigidity of the liver parenchyma are some factors that make liver resection difficult.8,237 The 
main complications related to the procedure are ascites, hemorrhage, pleural effusion, and bile leakage.237

In a review of the literature, 26 studies involving 337 patients who underwent liver resection were analyzed. 
Symptom relief was achieved in 86% of patients. The authors observed morbidity and mortality rates of 51% and 3%, 
respectively. The mean hospital stay ranged from 10 to 15 days, and cyst recurrence was observed in 34% of 
patients.237 Liver resection promotes liver volume reduction and symptom relief but should not be considered as the 
treatment of choice because it is associated with significant morbidity and mortality rates. Another disadvantage is the 
high occurrence of post-procedure abdominal adhesions that may hinder LT in the future.8,237 Therefore, careful 
analysis to determine which patients would benefit from hepatectomy and the appropriate time to perform the 
procedure and presence of a team with experience in the procedure are decisive factors for treatment success.6,177

Liver Transplantation
LT is the only curative treatment; however, it is recommended for a select group of patients, including those with severe 
PLD and refractory to other treatment modalities.6,7,177,182 LT is mainly indicated for patients with Gigot type III or 
Schnelldorfer D classifications.154,177,184,257 Patients presenting with massive hepatomegaly associated with severe 
malnutrition, ascites, and sarcopenia, recurrent or intractable complications, such as cyst infections and portal hyperten-
sion, failure of conventional therapy, or extremely disabling symptoms leading to significant impairment of quality of life 
should be considered for LT.115,203,258–261

The model for end-stage liver disease (MELD), used as parameter for the indication of liver transplantation, does not 
adequately represent advanced-stage PLD because most patients have normal liver function. In these cases, the exception 
criteria are used to calculate MELD.259,262 According to the Organ Procurement and Transplantation Network (OPTN), 
the exception criteria should be applied to patients with severe symptoms (classified as Mayo type C or D) and who 
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present with at least one of the following characteristics: hepatic decompensation, concomitant hemodialysis, glomerular 
filtration rate < 20 mL/min, previous kidney transplantation, and moderate to severe protein-calorie malnutrition.263 The 
OPTN recommends LT for patients with diffuse liver disease, classified as Mayo type C (with prior resection/fenestration 
or alternative therapy excluded) or D with at least two of the following: hepatic decompensation, concomitant renal 
failure (on dialysis therapy), and presence of compensated comorbidities.263

A recent study conducted in China evaluated 11 patients with severe PLD who underwent LT in a 10-year period. 
Most patients in the study (n = 9) underwent isolated liver transplantation. The authors reported morbidity and mortality 
rates of 54.5% and 18.2%, respectively. The 1-, 5-, and 10-year survival rates were 81.8%, 81.8% and 65.5%, 
respectively.264 A retrospective study by Baber et al evaluated the influence of previous interventions used in the 
management of PLD on post-liver transplantation morbidity and mortality. The study included 28 participants who 
underwent isolated LT or combined liver and kidney transplantation, who were divided into two groups. The first group 
(n = 12) was composed of patients who had a history of open surgical intervention (liver resection, fenestration by 
laparotomy, or nephrectomy), and the second group (n = 16) was composed of patients who had no or minimal previous 
intervention (aspiration with percutaneous sclerotherapy or laparoscopic fenestration). All participants who died during 
the follow-up period had a history of open surgical intervention. The 30-day, 1-year, and 5-year patient survival rates 
were 83%, 83%, and 48% in the first group versus 100%, 100%, and 100% in the second group, respectively. Moreover, 
the authors observed that operative time, length of hospital stay, and complication rates were longer and higher in the 
group of patients who had undergone previous abdominal Surgery.265 Although LT is effective in the management of 
severe PLD, its performance should be evaluated with caution considering the complexity of the procedure, risks of 
morbidity and mortality, limited availability of organs for transplantation, and long-term effects of immunosuppressive 
therapy.6,115,177

Conclusion
Although PLD is a progressive disease, only a small number of patients develop symptoms and require treatment. The 
diagnosis is based on family history of polycystic disease, age, clinical presentation, and presence of multiple hepatic 
and/or renal cysts on imaging tests. Treatment is aimed at reducing liver volume. Currently, the main therapeutic options 
are aspiration with sclerotherapy, fenestration, liver resection, and liver transplantation, the latter being the only curative 
option. Drug treatment, mainly based on somatostatin analogues, is not yet a reality in clinical practice and needs to be 
better studied. Therefore, understanding the mechanisms that modulate hepatic cystogenesis is extremely important to 
identify potential therapeutic targets in the future.
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