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1 | INTRODUCTION

Abstract

Background & Aims: Polycystic liver disease (PLD) occurs in two genetic disorders,
autosomal-dominant polycystic kidney disease (ADPKD) and autosomal-dominant
polycystic liver disease (ADPLD). The aim of this study is to compare disease severity
between ADPKD and ADPLD by determining the association between diagnosis and
height-adjusted total liver volume (hTLV).

Methods: We performed a cross-sectional analysis with hTLV as endpoint. Patients
were identified from the International PLD Registry (>10 liver cysts) and included in
our analysis when PLD diagnosis was made prior to September 2017, hTLV was avail-
able before volume-reducing therapy (measured on computed tomography or mag-
netic resonance imaging) and when patients were tertiary referred. Data from the
registry were retrieved for age, diagnosis (ADPKD or ADPLD), gender, height and
hTLV.

Results: A total of 360 patients (ADPKD n = 241; ADPLD n = 119) met our inclusion
criteria. Female ADPKD patients had larger hTLV compared with ADPLD (P = 0.008).
In a multivariate regression analysis, ADPKD and lower age at index CT were inde-
pendently associated with larger hTLV in females, whereas in males a higher age was
associated with larger hTLV. Young females (<51 years) had larger liver volumes com-
pared with older females (>51 years) in ADPKD.

Conclusion: Aetiology is presented as a new risk factor associated with PLD severity.
Young females with ADPKD represent a subgroup of PLD patients with the most

severe phenotype expressed in hTLV.
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ADPKD, ADPLD, polycystic liver disease, risk factors

Mutations in genes encoding polycystin 1 (PKD1) and polycystin 2
(PKD2) result in progressive renal cyst development and destruction

Autosomal-dominant polycystic kidney disease (ADPKD) is the

most common genetic cause of end-stage kidney disease in adults.

Abbreviations: ADPKD, autosomal dominant polycystic kidney disease; ADPLD, autoso-
mal dominant polycystic liver disease; CT, computed tomography; hTLV, height-adjusted
total liver volume; MRI, magnetic resonance imaging; PLD, polycystic liver disease;
PLD-Q, polycystic liver disease questionnaire; TLV, total liver volume.

of functional renal parenchyma. An important extra-renal manifes-
tation of ADPKD is the presence of cysts in other organs such as the
liver. Up to 94% of ADPKD patients over 35 years of age possess
hepatic cysts.! Liver cysts follow the onset of renal cysts and may
result in polycystic liver disease (PLD), defined as the presence of
more than 10 liver cysts.2 This clinical picture of ADPKD with PLD
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needs to be distinguished from autosomal-dominant polycystic liver
disease (ADPLD), where patients develop PLD in the absence of a
renal phenotype. In ADPLD, the genetic interaction network of en-
doplasmic reticulum resident proteins necessary for quality control
and processing of glycoproteins is disrupted.® PLD does not neces-
sarily result in symptoms, but in patients who develop hepatomegaly
abdominal discomfort, dyspnoea and early satiety cause a decreased
quality of life and may lead to the development of sarcopenia.*

There is a broad range of PLD phenotypes, and studies have im-
plicated age, female gender, and oestrogen use as risk factors for
advanced disease. It is unknown whether patients with ADPKD or
ADPLD have a similar risk of hepatomegaly. One study compared
clinical features of ADPLD with that of ADPKD in a cohort of 53
patients.® This study concluded that hepatic cysts were larger and
more numerous in ADPLD, while symptoms resulting from hepato-
megaly were similar. Total liver volume (TLV) as an endpoint was not
investigated in this study. Better insight in phenotypical differences
between ADPKD and ADPLD aid in the understanding of pathogen-
esis and natural course of disease and contributes to better coun-
selling in clinical practice. As a result of the rarity of the disease and
consequently lack of solid evidence, the recent establishment of an
International PLD Registry provides us with the opportunity to ex-
plore clinical relevant questions in a large real-world cohort by col-
lecting uniform clinical data from individual patients.®

The aim of this study is to compare disease severity between
ADPKD and ADPLD by determining the association between diag-
nosis and height-adjusted total liver volume (hTLV).

2 | MATERIALS AND METHODS

2.1 | Design and population International PLD
Registry

We made use of a recently established International PLD Registry
that combines PLD cohorts from expert centres. Patients were in-
cluded in the registry when referred to a hepatologist and diagnosed
with either ADPLD with more than 10 liver cysts or ADPKD (based
on the modified Ravine criteria)’ and PLD with more than 10 liver
cysts proven by radiological imaging. Diagnosis of PLD was con-
firmed after inspection of radiologic images. In case of uncertainty,
a second observer was asked to reassess the images and disagree-
ment was resolved through discussion and mutual consent. Data col-
lection for the registry was done retrospectively from the medical
charts. The primary aim of this registry is to map the natural course
of PLD and elucidate elements that affect disease progression. Data
collection of PLD patients on a large scale provides us with the op-
portunity to answer research questions in selected cohorts and to
select patients for clinical trials. Currently, over 1700 patients are
included, and distributed over five centres (Radboud University
Medical Center [Nijmegen, the Netherlands], University Hospitals
Leuven [Leuven, Belgium], Seoul National University Hospital [Seoul,
South-Korea], General University Hospital [Prague, Czech Republic]
and Donostia University Hospital [San Sebastian, Spain]).

Key points

e In this study, we present the largest cohort of patients
with polycystic liver disease (PLD) including both
ADPKD (cysts in kidney and liver) and ADPLD (cysts in
liver) patients. We show that PLD severity, expressed in
liver volume, is highest in young female patients with
ADPKD.

2.2 | Study design and population present analysis

We performed a cross-sectional analysis comparing ADPKD and
ADPLD with the focus on hTLV. For the present analyses, only cen-
tres who contributed both patients with ADPKD and ADPLD were
selected to reduce potential selection bias. Patients were selected
if (a) PLD diagnosis was made prior to September 2017, (b) liver
volume data was available, as measured on computed tomography
(CT) or magnetic resonance imaging (MRI) scan, and (c) tertiary
referral. If more than one liver volume was available, first volume
was selected. Patients from two tertiary centres could be included
(Radboud University Medical Center [Nijmegen, the Netherlands]
and University Hospital Leuven [Leuven, Belgium]). Both are tertiary
referral centres for PLD and the registry contained both ADPKD and
ADPLD patients. Other centres were excluded because no data on
liver volume was available (Donostia University Hospital and General
University Hospital Prague) and/or because imaging was only per-
formed in ADPKD patients (General University Hospital Prague and
Seoul National University Hospital). We excluded patients in whom
first TLV was measured after any type of volume-reducing treat-
ment (Figure 1). This was done because the main focus of our study
was hepatomegaly as manifestation of the genetic diagnosis. For the
current analysis, data were extracted from the registry database:
age, gender and diagnosis (ADPKD/ADPLD), height and hTLV, and

treatment.

2.3 | Ethical considerations

Concerning ethical approval of the PLD registry and thereby these
analyses, formal evaluation was waived by the Institute Review
Board Committee on Research Involving Human Subjects Arnhem-
Nijmegen given the retrospective character of the data collection in
the PLD Registry. The study was conducted in accordance with good
clinical practice guidelines and the code of conduct for medical re-
search (www.federa.org). No identifying patient data were collected,

and all patient data were anonymously entered in the database.

2.4 | Measurement of liver volume

Total liver volume was measured by assessing CT or MRI scans using
(semi-) automatic software as available in the participating centres.


www.federa.org

VAN AERTS ET AL.

[ |3
IN'I!E}Q{\Ig(I;NAL WI LEY

ADPKD

ADPLD

ADPKD patients in
PLD registry
n =459

ADPKD patients in
PLD registry
n =459

196 patients: images
incomplete/unavailable

A 4

123 patients: images
incomplete/unavailable

A 4

hTLV available
n =263

hTLV available
n=153

22 patients: images
available post-treatment

FIGURE 1 Study flow chart. A total

of 360 patients were included (241
ADPKD, 119 ADPLD). ADPKD, autosomal-
dominant polycystic kidney disease;
ADPLD, autosomal-dominant polycystic
liver disease; hTLV, height-adjusted total
liver volume; PLD, polycystic liver disease

In the Netherlands, TLV on CT was measured by 3D measurement
of CT scan slices usingPinnacle3 ® version 8.0 (Philips, Eindhoven,
The Netherlands).®? TLV measuring on MRI was performed with
Analyze 11 software (AnalyzeDirect Inc, Overland Park, KS, USA)
using a stereology method.’® In Belgium, TLV was measured with
Volume software (Siemens, Erlangen, Germany).*''2 Specific details
about each method have been prescribed previously. All imaging was
performed as part of routine clinical care (eg, symptomatic disease,
incidental finding, and familial screening) or in clinical trials. All liver
volumes measured for trial purposes were measured blindly accord-
ing to the study protocol.2*2 Liver volumetry for routine clinical care
was performed by a trained physician (RvA). Previous studies have
investigated inter-observer variability (-0.2% + 2%) and agreement

between techniques (mean difference 31 mL).8*?

2.5 | Classifications and definitions

Patients were classified according to two separate classifications
to provide better insight into the selection and distribution of pa-
tients between ADPKD and ADPLD. The Qian criteria grade dis-
ease severity from O to 4 depending on the number of cysts and
the presence of symptoms. Grade 0; O cysts, Grade 1; 2-10 cysts
(Grade 0 and 1 are not present in this cohort as corresponds to our
inclusion criteria), Grade 2; 11-20 cysts, Grade 3; >20 cysts, Grade
4; >20 cysts and symptomatic hepatomegaly.’* Symptomatic dis-
ease was defined as having one or more symptoms in the PLD
Questionnaire (PLD-Q) or the POLCA score, such as abdomi-
nal pain, early satiety and abdominal distension and likely to be

A 4

34 patients: images
available post-treatment

A 4

hTLV available
pre-treatment
n =241

hTLV available
pre-treatment
n=119

Total patients included
n = 360

associated with hepatomegaly.*> In addition we classified PLD as
mild (hTLV <1600 mL/m), moderate (hTLV 1600-3200 mL/m) and
severe (hTLV >3200 mL/m).*

2.6 | Statistical analyses

Descriptive statistical analyses were performed to quantify base-
line characteristics expressed in mean (standard deviation [SD])
for normally distributed data, median (interquartile range [IQR]) for
non-normally distributed data and proportions (%) for categorical
variables. To test for differences on those characteristics between
ADPLD and ADPKD, we used independent t test for normally dis-
tributed data, Mann-Whitney U tests for non-normally distributed
data and Fisher's exact test for categorical characteristics. TLV was
divided by height in order to correct for differences in length. In
case of missing height values (n = 47) we used the predicted height
of a patient based on gender and year of birth according to Dutch
National statistics database.’” hTLV was compared between patients
with ADPKD and ADPLD. Several factors that are known to be as-
sociated with hTLV, such as age and gender, were considered as po-
tential confounding factors. With these confounders, we performed
univariate linear regression analysis with log-transformed hTLV as
outcome. As evidence suggests that the disease behaviour with re-
spect to liver volume are gender specific, we anticipated on this to
incorporate a separate multivariable linear regression analysis for
males and females with log-transformed hTLV as outcome and age
(per decade) and diagnosis as fixed variable of primary interest”. Log

transformation was performed because of non-normal distribution
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TABLE 1 Characteristics of the total study population and stratified for diagnosis

All patients (n = 360) ADPKD + PLD (n = 241) ADPLD (n = 119) P-value
Sex, % female (n) 80.8(291) 79.3(191) 84.0 (100) 0.320
Height, m (n)? 1.69 +0.08 1.70 £ 0.09 168.0 + 0.07 0.005
Age at index hTLV, y? 51.0+10.7 49.7 £9.0 540+12.1 0.001
Male, (n) 53.1+11.2 (69) 50.3 £ 9.9 (50) 60.5 +11.3(19) <0.001
Female, (n) 50.6 +10.1 (291) 49.5+8.8(191) 52.8+11.9 (100) 0.015
Liver volume (mL)° 3475 [2257-5057] 3657 [2432-5245] 3229 [1964-4814] 0.031
hTLV (mL/m)° 2044 [1338-2998] 2163 [1410-3106] 1882 [1143-2817] 0.055
Male, (n) 1538 [1095-2859] (69) 1413 [1096-2783] (50) 1963 [1021-3180] (19) 0.648
Female, (n) 2198 [1483-3119] (291) 2418 [1603-3379] (191) 1854 [1194-2766] (100) 0.008
Log hTLV? 3.32+£0.24 3.33+0.23 3.28 £0.25 0.065
Male, (n) 3.24 £0.24 (69) 3.23 £0.24 (50) 3.26 £0.25(19) 0.615
Female, (n) 3.34 +£0.23 (291) 3.36 £0.22 (191) 3.29 +0.25 (100) 0.012

ADPKD, autosomal dominant polycystic kidney disease; ADPLD, autosomal-dominant polycystic liver disease; hTLV, height-adjusted total liver

volume.
2Results given as mean = standard deviation.
PResults given as median with interquartile range.

(A)

Kim
Criteria

(B)

Qian
Criteria

hTLV
Il <1600 mL/m
I 1600-3200 mL/m
>3200 mL/m

Grade 2 (11-20 cysts)
Grade 3 (>20 cysts)
Grade 4 (>20 cysts & symptomatic)

FIGURE 2 Distribution of ADPKD and ADPLD population based on two separate criteria (see Section 2). A, Kim criteria; no statistical
differences in mild, moderate and severe hTLV, B, Qian Criteria; the proportion of symptomatic disease (grade 4) is evenly distributed
between ADPKD and ADPLD, although the proportion of patients with less than 20 cysts is higher in ADPLD. hTLV, height-adjusted total
liver volume; ADPKD, autosomal-dominant polycystic kidney disease; ADPLD, autosomal-dominant polycystic liver disease

of hTLV values. The beta-coefficient from the final model was back
transformed in order to get an effect size which is easier to interpret.

3 | RESULTS

We included a total of 735 patients in the PLD registry from two
tertiary centres in Belgium and the Netherlands. We selected 360
patients who met our inclusion criteria; 241 were diagnosed with
ADPKD and 119 with ADPLD (Figure 1). Baseline characteristics are
shown in Table 1. The majority of ADPKD (79.3%) or ADPLD (84.0%)

patients were female. Male ADPLD patients were approximately
10 years older compared to male ADPKD patients at time of imag-
ing (P = <0.001). This difference in age was smaller in females (mean
3.3 years; P=<0.015). ADPKD patients were taller than ADPLD
which could be explained by the higher proportion of men in this
group. The distribution in disease severity is shown in Figure 2.
Height-adjusted total liver volume was numerically larger
in ADPKD than in ADPLD (2163 IQR 1410-3106 vs 1882 IQR
1143-2817, P = 0.055), although this did not reach the threshold for
statistical significance (Table 1). Gender contributed to the differ-
ence as in females hTLV was much larger in ADPKD than in ADPLD
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TABLE 2 Univariate and multivariate regression model for associated risk factors

Univariate linear regression analysis for variables associated with log hTLV (all patients)

Univariate
Beta (95% Cl) P-value
Gender (male/female) 0.096 (0.03 to 0.16) 0.003
Diagnosis (ADPKD/ADPLD) -0.049 (-0.10 to 0.003) 0.065
Age at index hTLV (per decade) -0.013 (-0.036 t0 0.011) 0.288
Multivariate linear regression analysis for variables associated with log hTLV (stratified for gender)
Multivariate
Beta (95% Cl) Effect size P-value
Male
Diagnosis (ADPKD/ADPLD) -0.040 (-0.177 to 0.098) -8.8% (-33.5% to 25.3%) 0.567
Age at index hTLV (per decade) 0.071 (0.016 to 0.127) 17.8% (3.8% to 34.0%) 0.012
Female
Diagnosis (ADPKD/ADPLD) -0.062 (-0.119 to -0.005) -13.3% (-24.0% to -1.1%) 0.032
Age at index hTLV (per decade) -0.031 (-0.058 to -0.004) -6.9% (-12.5% to -0.9%) 0.023

ADPKD, autosomal dominant polycystic kidney disease; ADPLD, autosomal dominant polycystic liver disease; hTLV, height-adjusted total liver

volume.

(2418 1QR 1603-3379 vs 1854 IQR 1194-2766, P = 0.008; Figure
S1). These non-parametric findings were confirmed after performing
parametric tests using Log hTLV as an outcome (Table 1).

In a univariate regression analysis of all PLD patients, female gen-
der was associated with larger log hTLV (P = 0.003), whereas diag-
nosis and age at index hTLV failed to reach significance (Table 2). In
females, multivariate regression analysis showed that diagnosis and
age at index CT (per decade) were independently associated with
hTLV. ADPLD patients had a 13.3% smaller hTLV compared to those
with ADPKD (P = 0.032) and for each increased decade of age, hTLV
decreased with 6.9% (P = 0.023). In males, no association between
diagnosis and hTLV was found. Of note, an opposite association was
seen between hTLV and age at hTLV as liver volume increased with
17.8% per increased decade (P = 0.012) in males.

Because of these contradictory results between age and hTLV
depending on gender, we decided to stratify for age and gender.
We used the mean age at index hTLV as cut-off value. Young female
PLD patients had larger liver volumes compared with older females
(2485 IQR 1606-3639 vs 1925 IQR 1319-2718, P =0.001). This
finding remained significant for ADPKD as diagnosis (P = 0.003) but
not for ADPLD (P = 0.406; Figure 3). In males, there was no signifi-
cant difference between hTLV in younger and older men (1342 IQR
1095-2252 vs 1882 IQR 1076-3494, P = 0.113), possibly because of
lack of power (Figure S2).

During follow-up of patients in this cohort, several patients were
in need for treatment. Median follow-up duration from index hTLV
was 2.67 years (IQR 1.54-5.48) in ADPKD and 4.38 years (0.68-7.42)
in ADPLD (P = 0.189). In ADPLD aspiration sclerotherapy (30%) and
fenestration (11.8%) were the most frequently used therapeutic op-
tions to reduce cyst and liver volume whereas in ADPKD these op-
tions were only used in 5% and 0.8%, respectively. By contrast, liver

transplantation was more frequently performed in ADPKD (13.3%

Females

© 8000 -
g ; P =0.003 1 ADPKD + PLD
© ADPLD
> 6000 -
()
> . _
e -
° 4000 T
(2]
3
® 2000 -
%, 1
° n=115___n=42 n=76 n=58
I 0 T T T T T

< 51y >51y

Age subgroups

FIGURE 3 Whiskers Boxplot stratified for age and female
gender. Younger female ADPKD patients have significant smaller
hTLV compared with older ADPKD patients (P = 0.003). This

was not significant in ADPLD (P = 0.406). Number of patients

are displayed below each box. Whiskers Boxplot for males in
Supporting Information. PLD, polycystic liver disease; ADPKD,
autosomal-dominant polycystic kidney disease; ADPLD, autosomal-
dominant polycystic liver disease

of which 50% in combination with kidney transplantation) compared
with ADPLD (5.0%).

4 | DISCUSSION

The main finding of this study is that in patients tertiary referred to
a hepatologist, females affected by ADPKD have larger hTLV com-
pared to those with ADPLD, even after correction for age. In addi-
tion, we found that younger females with ADPKD (<51 years) have

larger liver volumes compared with those older than 51 years of age.
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We compared disease severity with aetiological background to
elucidate novel risk factors for PLD phenotype. The natural course
of disease is difficult to predict, and it is difficult to counsel patients
and discuss future perspectives in view of the lack of evidence. Until
now, female gender is the only risk factor that is irrefutably associ-
ated with disease severity, again further confirmed in this study.®*?
For other risk factors such as age, oestrogen use and pregnancies,
conflicting study results raise questions with respect to the true ef-
fect size on PLD severity. With the establishment of the International
PLD Registry, we aim to collect a large population of PLD patients in
order to clarify these uncertainties and answer new research ques-
tions for a better understanding of PLD.

Previously, only one small cohort study surveying 19 ADPLD
and 34 ADPKD patients, explored differences in PLD between the
two diseases. This study focused on symptoms, complications and
treatment.® Its main finding was that the proportion of patients
>15 liver cysts is higher in ADPLD population. This is in contrast
with our study, where the proportion of patients with less than 20
cysts (Qian grade 2) is higher in ADPLD. These conflicting results
may be subject to differences in patient selection and differences
in counselling of ADPKD or ADPLD patients. Comparing symptoms
between ADPKD and ADPLD shows the burden of underlying dis-
ease; however, it does not give a clear picture of PLD severity as
patients with ADPKD might also suffer from enlarged kidneys lead-
ing to pressure-related symptoms. Our study provides to a more re-
liable comparison in PLD severity as our endpoint hTLV is focused
on PLD only.

An important finding is that in female patients, liver volume is
6.9% smaller per decade of age. This contrasts with a recent study
that suggested that hTLV increased with 10.0% per decade in female
APDKD patient.?’ These conflicting conclusions can be attributed to
differences in disease populations. Our study is enriched with both
ADPKD and ADPLD patients and covers a broad range of disease
severity, whereas the study by Chebib studied mild ADPKD patients
with index CT made at an earlier age. We hypothesize that age is
associated with hTLV, though not in a linear pattern.

As is depicted in Figure 3, young females are more severely
affected compared to their older counterparts. The mean age of
patients in this cohort corresponds with the mean age at natural
menopause based on literature®! suggesting that these finding and
the differences with males may be explained by female hormonal
status. In a controlled trial with 19 post-menopausal patients, exoge-
nous use of oestrogen led to enlargement of the liver (+9%) whereas
liver size decreased in the control group (-2%).22 The association be-
tween oestrogen use and liver growth has not been confirmed in

two recent cohort studies, 2>

possibly because of dose reduction in
oestrogen in oral contraceptives in the last decades.?* Following the
oestrogen hypothesis, liver volume would increase until the meno-
pause and stabilize/decrease thereafter as oestrogen levels drop.
As this cross-sectional study provides no individual data on natural
growth, longitudinal studies are needed to confirm this hypothesis
and to elucidate the association between oestrogen levels, meno-

pause and liver growth.

The difference between older and younger females is only signif-
icant in ADPKD patients, possibly because of a lack of power in the
ADPLD group. One could also speculate that the effect of oestrogen
on cyst proliferation is different in ADPKD than in ADPLD. A previ-
ous study showed that oestrogens stimulate the proliferation of liver
cyst derived epithelium by acting on specific oestrogen receptors in
ADPKD patient.?® This interaction between oestrogens and other
growth factors is presumed to play a key role in the PLD phenotype
and its natural course in ADPKD.

A strength of our study is that we took hTLV as outcome to
compare ADPKD and ADPLD. The size of the liver correlates with
disease severity as patients with moderate to severe hepatomegaly
have a 5-fold higher risk of pressure-related complications.* Quality
of life decreases with severity of hepatomegaly, particularly in pa-
tients with hTLV 21600 mL/m.%é Therefore, hTLV serves as a reliable
surrogate marker for PLD severity.

Another strength is that we draw conclusions in a homogenous
cohort from tertiary centres. In our population, the proportion of
patients who are symptomatic (Qian Grade 4) is equal between
ADPKD and ADPLD, even as the distribution between mild, moder-
ate and severe disease which supports the homogeneous composi-
tion of this cohort. Compared with other ADPKD cohorts in which
the appearance of PLD is no inclusion criteria, the proportion of
females in our ADPKD population is higher.2%?® This corresponds
with the results of our study and previous literature as females are
more at risk to develop severe hepatomegaly and therefore are
more often tertiary referred because of symptomatic PLD com-
pared with males.

This study comes with limitations. Only 49% of all patients in the
registry could be included because they met the inclusion criteria
of the present analyses. Excluded patients did not differ in gender
and height compared with the included population (Table S1). The
proportion of ADPLD was lower in the included group (33.1%) com-
pared with patients who did not meet the inclusion criteria (41.9%,
P =0.015) which suggest that radiological imaging (CT or MRI) is less
performedin ADPLD. In the non-selected population, the proportion
of ADPLD in Qian Grade 2 is 79.1% whereas the proportion in symp-
tomatic patients (Grade 4) is higher in APDKD (58.5%). Furthermore,
we hypothesize that in mild ADPLD patients (hTLV <1600 mL/m),
ultrasound is sufficient for diagnosis and further imaging is waived.
Therefore, we hypothesize that if hTLV would have been available
for these patients, it probably would have further bolstered our find-
ings that hTLV in ADPKD is larger. On the contrary, it is possible that
mild ADPKD patients are managed by their nephrologist instead of
referred to a tertiary centre which might lead to overestimation of
liver volume in ADPKD. The main reason for imaging was unavail-
able for the majority of patients (57%). In most cases, imaging was
performed because of abdominal symptoms related to PLD, familial
screening or incidental finding as imaging was performed for other
purposes. Another limitation is that we were not able to analyze the
role of exogenous oestrogen use and parity because of significant
amount of missing data, and therefore low-quality data from our
data sources.
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What is the clinical relevance of our findings? (a) This is the
first study that shows that aetiology is associated with disease
severity. It confirms and illustrates the high burden of PLD in
ADPKD patients. A multi-specialist patient-centred approach is
warranted in patients with ADPKD and PLD as advised by the
European ADPKD Forum.?” Patients with symptomatic PLD or
complications are preferable referred to an expert centre for
further counselling and management. Our findings demonstrate
the significance of PLD in a large cohort, especially in female
ADPKD patients. (b) Based on our results, we provide evidence
that in females’ age is associated with PLD in a non-linear pattern.
Younger females have smaller liver volumes which are in line with
the hypothesis that liver growth in post-menopausal females is
decreased because of lower oestrogen levels. It suggests that, if
possible, a conservative management strategy should be priority
in post-menopausal females. (c) For clinical practice, a prediction
model to select patients at risk for severe hepatomegaly and pre-
dict the natural course of PLD based on age, gender, aetiology
and hormonal status is warranted to offer better counselling and
management advice. This study contributes to a future realization
of this model. However first, longitudinal studies are needed to
compare natural course of PLD between ADPKD and ADPLD and
to determine the association between disease severity and female
hormonal status.
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