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Abstract

Treatment of polycystic liver disease (PLD) focuses on symptom improvement. Generic
questionnaires lack sensitivity to capture PLD-related symptoms, a prerequisite to determine
effectiveness of therapy. We developed and validated a disease-specific questionnaire that assesses
symptoms in PLD (PLD-Q). We identified 16 PLD-related symptoms (total score 0-100 points) by
literature review and interviews with patients and clinicians. The developed PLD-Q was validated
in Dutch (n=200) and US (n=203) PLD patients. We assessed the correlation of PLD-Q total score
with EORTC symptom scale, global health visual analogue scale (VAS) of EQ-5D and liver
volume. To test discriminative validity, we compared PLD-Q total scores of patients with different
PLD-severity stages (Gigot classification), and PLD-Q total scores of PLD patients with general
controls and polycystic kidney disease patients without PLD. Reproducibility was tested by
comparing original test scores with two week retest scores. In total, 167 Dutch and 124 US
patients returned the questionnaire. Correlation between PLD-Q total score and EORTC symptom
scale (NL r=0.788; US r=0.811) and global health VAS (NL r=-0.517; US r=-0.593) was good.
There was no correlation of PLD-Q total score with liver volume (NL r=0.138, P=0.236; US
r=0.254, P=0.052). Gigot type Il individuals scored numerically higher than type 1l patients (NL
46 vs. 40, P=0.089; US 48 vs. 36, P=0.055). PLD patients scored higher on the PLD-Q total score
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than general controls (NL 42 vs. 17; US 40 vs. 13 points) and polycystic kidney disease patients
without PLD (22 points). Reproducibility of PLD-Q was excellent (NL r=0.94 and US 0.96).

Conclusion—PLD-Q is a valid, reproducible and sensitive disease-specific questionnaire
which can be used to assess PLD-related symptoms in clinical care and future research.

Keywords

hepatomegaly; hepatic cyst; patient-reported outcome measure; quality of life; autosomal
dominant polycystic kidney disease

Polycystic liver disease (PLD) is a condition characterized by multiple liver cysts. PLD is
associated with two inherited conditions: isolated in autosomal dominant polycystic liver
disease (ADPLD) and as an extra renal manifestation in autosomal dominant polycystic
kidney disease (ADPKD).(1' 2) In a proportion of patients, progressive disease leads to
mass-related symptoms such as early satiety and abdominal fullness, resulting in reduced
quality of life.(3' 4) Treatment is indicated in symptomatic patients only.(5)

Progress in development of new treatments for PLD is hampered by the perceived lack of a
widely accepted outcome measure for effectiveness. Past studies investigating the
effectiveness of current or new treatments have used liver volume as primary outcome.(3' 6~
10) Liver volume is thought to be an objective surrogate marker that could reflect disease
severity. However, the relationship between liver volume and disease burden is not
straightforward, as it does not always empirically correlate with patient well-being.(4' 11)
The ultimate goal of PLD treatment is symptom relief and improvement of quality of life.(5)

Several generic patient-reported outcomes are available to assess either quality of life or
gastrointestinal symptoms, but they are not validated in PLD.(12718) These generic patient-
reported outcomes do not capture the specific domains related to PLD such as increased
abdominal girth or dyspnea.(4+ 11+ 19+ 20) As a result, there is a substantial gap in the ability
to detect clinically significant changes in PLD-related patient reported well-being as a
measure of treatment outcome. A questionnaire that assesses the wide range of problems
experienced by PLD patients is more likely to be responsive to changes in patients’
wellbeing.

The aim of this study was to develop and validate a PLD-specific questionnaire (PLD-Q)
that captures patient-reported frequency and discomfort of PLD associated symptoms in a
Dutch and US cohort of PLD patients in order to evaluate effectiveness of therapies.

Patients and methods

We conducted a prospective study from May 2013 — April 2015 at the Department of
Gastroenterology and Hepatology, Radboud University Medical Center, Nijmegen, the
Netherlands (NL) and at the Department of Internal Medicine, Mayo Clinic, Rochester,
Minnesota, United States (US) following the Food and Drug Administration (FDA)
guidelines on patient-reported outcome measure development.(21) This study was conducted
in accordance with the ethical guidelines of the 1975 Declaration of Helsinki. The protocol
was approved by the Institutional Review Board of both centers and patients gave informed
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consent. We developed and validated the PLD-Q in three cycles, and each step led to further
improvement of the questionnaire. Figure 1 shows a schematic overview of the development
and validation process.

Selection of PLD patients

We selected patients of 18 years and older with PLD defined as >20 liver cysts on
ultrasound, magnetic resonance imaging or computed tomography that were evaluated at the
medical centers <10 years prior to inclusion.(5) Exclusion criteria included a history of liver
or kidney transplantation, dialysis dependency, and liver surgery within six months prior to
inclusion. For our validation studies, we additionally excluded patients enrolled in
investigational drug studies for PLD or ADPKD (somatostatin analogues or vasopressin Vo
receptor antagonists).(22+ 23) We identified eligible Dutch patients from the PLD registry of
Radboud University Medical Center. The Mayo Clinic Data Discovery and Query Builder
was used to identify US PLD-patients with the search terms “polycystic liver’ or “‘cystic
liver’.

Development of the PLD-Q

Validation

We started with building in appropriate questionnaire items relating to key issues for PLD
patients (content validity).(24) These PLD-specific symptoms were identified in three
resources; extensive literature search and in depth interviews with Dutch PLD patients and
clinicians. Interviews were continued until we reached saturation, which was defined as the
point where no new items emerged. An established qualitative approach was used to create
consensus on the most relevant items for the PLD-Q through survey series (the Delphi
method (25), Supplementary File 1 and Figure S1). The questionnaire was pretested in
patients to test comprehensibility and changes were made based on their comments. The
original Dutch version of the PLD-Q was translated into English using forward and
backward translation including three individual translators for each step.(26) We adapted the
translated PLD-Q cross-culturally and tested this version in a cohort of US PLD patients for
inconsistencies after translation. Finally, we conducted cognitive debriefings, a patient focus
group, and two clinician focus groups in the US for further improvement of the PLD-Q. The
improved version of the PLD-Q was tested in a large cohort of US patients.

The score of each patient-reported symptom included in the PLD-Q can be calculated by
adding a frequency (Likert scale; 1=never, 6=always) and discomfort (Likert scale; 0=not at
all, 5= a lot) score of each symptom. Total scores were transformed into a score ranging
from 0-100 points, where a higher score represents a higher symptom burden. The total
PLD-Q score was calculated if < 1 question score was missing. We chose a recall period of
one month due to the chronic nature of PLD.(27)

of the PLD-Q

Data collection—A study package was mailed to eligible patients containing the
developed PLD-Q, the symptom scale of the European Organization for Research and
Treatment of Cancer (EORTC) and the global health visual analogue scale (VAS) of the
EQ5D.(20' 28) The EORTC symptom scale is designed to assess general symptoms in
cancer patients participating in clinical trials, while the global health VAS is a general
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measure for quality of life. A reminder was sent to non-responders four weeks after the
initial questionnaire and patients were contacted by phone if they had not returned their
questionnaire.

Reliability—The PLD-Q was designed to measure a single domain which can be
summed in a total score. We explored unidimensionality of the PLD-Q with exploratory
factor analysis (varimax rotation). Unidimensionality was considered suitable when the first
factor accounts for more than 20% of the total variability and the variance of the first factor
was >4 times the variance of the other factors.(29) Internal consistency of the questionnaire
was calculated using Cronbach’s alpha and a value of 0.7 was set as the threshold for good
internal consistency.(30)

Score distributions and missing results—To test if the PLD-Q discriminates
between patients on the extreme ends of the scale we investigated score distributions and the
proportion of patients who got the lowest and highest total score (floor and ceiling effects,
respectively). We used a cutoff value of >15% to indicate low discrimination.(30) We
investigated missing values to assess whether patients understood and accepted the PLD-Q
questions. Less than 10% missing values was considered acceptable for the total PLD-Q
score and all individual questions.

Correlation PLD-Q scores with quality of life measures—We hypothesized that
the PLD-Q total score is positively correlated with the EORTC symptom scale score and
negatively correlated with the global health VVAS (convergent validity). We calculated
Spearman’s correlation coefficients (r) and a correlation coefficient of >0.4, £<0.05 was
considered as evidence for convergent validity.

Correlation PLD-Q scores with organ volumes—We also calculated Spearman’s
correlation coefficients (r) between questionnaire scores and height-adjusted liver volumes
in a subgroup of patients that underwent a CT or MRI within two years prior to study
inclusion. Measurements of liver volumes were performed using stereology followed by
semi-automated segmentation in the US and manual segmentation in the Netherlands, as
published previously.(31' 32) As clinical presentation of symptoms is highly variable across
patients with similar liver volumes, we expected a low correlation between the PLD-Q score
and height-adjusted liver volume (r=0.2 — 0.4, £<0.05).

Correlation PLD-Q scores with Gigot classification—Polycystic liver disease can
be classified according to the Gigot classification.(33) Patients with Gigot type | (<10 large
cysts) were excluded in this study since the number of cysts of these patients does not meet
the definition of PLD (>20 cysts). Gigot type 11 classifies cases with diffuse involvement of
liver parenchyma by multiple medium-sized cysts with large areas of noncystic liver
parenchyma remaining. Gigot type Il is defined by large numbers of small and medium-
sized liver cysts spread diffusely through the liver parenchyma; only a few areas of normal
parenchyma are present. Patients with recent imaging were classified according to the Gigot
classification by two independent researchers (NL: T.W. and M.N; US: M.E and T.K.) that
were blinded for the PLD-Q scores. We expected that patients classified as Gigot type 111
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score higher on the PLD-Q total score than patients with Gigot type |1 livers, using the
independent t-test.

Reproducibility—To assess the similarity of answers after repeated measurements
under consistent conditions, we performed a retest after two weeks in a random subgroup of
patients (n=45 in the Netherlands and n=100 in the US). We calculated the intraclass
correlation coefficient between scores obtained at the different time points. An intraclass
correlation coefficient of >0.7 indicates good reproducibility.(30) To detect systematic error
in reproducibility, we plotted the differences between test and retest scores with the Bland-
Altman method.(34)

PLD-specificity of PLD-Q items—Finally, we assessed whether the included
symptoms of the PLD-Q are liver specific by comparing PLD-Q total scores of patients with
two different control groups; a generic control group and an ADPKD control group without
PLD (discriminative validity). The ADPKD control group with large polycystic kidneys but
without PLD was selected to discriminate between symptoms arising from large kidneys
versus symptoms from hepatomegaly, since the majority of patients with PLD have also
cystic kidneys. Controls from the generic population were matched on age and gender and
were recruited at random public gatherings in the Netherlands. In the US, we mailed a study
package to a cohort of generic controls (1:2) that visited the Mayo Clinic within the last year
prior to inclusion. US controls were matched on age, gender, race and state using SAS©
version 9.3 (SAS Institute Inc., North Carolina, USA). We selected the ADPKD control
group from the ADPKD database at the Mayo Clinic. Inclusion criteria were height-adjusted
kidney volume of >750 mL and height-adjusted liver volume of <1000 mL or < 20 liver
cysts.(11) Exclusion criteria for controls were the similar to the exclusion criteria for
patients. Patient and control characteristics were compared using the independent t-test.
Scores of patients and both control groups were compared using the Mann-Whitney U test.
Significance was defined as £<0.05 in all analyses.

Development of the PLD-Q

Saturation of key issues for PLD patients was reached after interviewing 19 Dutch PLD
patients and 6 clinicians (hepatologists n=4, nephrologists n=2). Table S1 shows
characteristics of patients included in the interviews. In total, 36 PLD-related items were
generated. After the Delphi survey, the 14 items ‘feeling full’, ‘bloating’, ‘stomach tension’,
‘lack of appetite’, ‘early satiety’, “‘pressure or pain rib cage’, ‘pain in side’, ‘stomach pain’,
‘shortness of breath’, ‘limited mobility’, ‘tiredness’, ‘anxiety about the future’,
‘dissatisfaction size abdomen’, and ‘discomfort during intercourse’ were considered relevant
to include in the PLD-Q (Table S2). During the pretest of the developed PLD-Q, patients
considered the item ‘nausea’ important and this item was therefore retained in the
questionnaire. ‘Bloating’ and ‘stomach tension” were considered redundant to “‘feeling full’
leading to rejection of these items.

After translation, the US PLD-Q pilot study (n=54) showed no large differences compared to
the Dutch PLD-Q (Supplementary File 2 and Figure S2). We conducted nine cognitive
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debriefings, and included six PLD patients in the patient focus group (Table S1). In total,
two clinician focus groups were conducted including hepatologists (n=2), nephrologists
(n=4), a liver surgeon (n=1), and a transplant surgeon (n=1). Patients reported that the
questionnaire was easy to understand and preferred the PLD-Q above general quality of life
questionnaires to address their symptoms. Five questions were rephrased for easier
understanding. US patients and clinicians felt that three questions were missing; acid reflux,
back pain and, concern of liver growth. These 3 questions were added to the 13 items of the
Dutch PLD-Q. Table S4 shows changes between the translated PLD-Q used in the pilot
study and the improved version of the PLD-Q after cognitive interviews and focus groups in
the US. The final version of the PLD-Q is shown in Supplementary File 3.

of the PLD-Q

Characteristics of included patients and controls—The Dutch PLD registry
included 211 eligible patients for the validation study. Eleven patients were excluded after
sending the questionnaire (death (n=1), renal replacement therapy or liver transplantation
(n=7) and use of investigational drugs for PLD (n=3)). Of 200 remaining patients, 167
patients returned the questionnaire (response rate 84%). In the US cohort, 216 eligible
patients were identified. In this cohort, 13 patients were excluded after sending the
questionnaires (death (n=2), renal replacement therapy or liver transplantation (n=5), use of
investigational drugs for PLD (n=5) and recent liver surgery (n=1)). Of 203 remaining
patients, 124 patients returned the questionnaire (response rate 61 %). Characteristics of the
included patients are shown in Table 1. Age, gender and disease of responders and non-
responders were comparable in both groups.

For the general control group, we included 183 Dutch and 170 US controls with similar
characteristics as the included PLD cohort. In the ADPKD control group, we identified 69
ADPKD controls of whom nine patients were excluded after sending the questionnaire
(renal replacement therapy (n=2), recent nephrectomy (n=1), investigational drugs (n=5) and
no correct postal address (n=1)). Of the remaining 60 patients, 32 patients returned their
questionnaire (response rate 53%). Table 1 shows the characteristics of the included control
groups. ADPKD controls were younger than PLD patients (£=0.009) and more ADPKD
controls were male (P <0.001). However, combined total liver kidney volume was not
significantly different (£=0.215).

Reliability—Factor analysis showed that the variability of the PLD-Q was largely
explained by the first factor (NL 47% and US 54% of the total variability), while the other
factors contributed little to the variance (NL: 11 and 8% and US 7%)(Table S4), supporting a
unidimensional structure of the PLD-Q. Internal consistency of the PLD-Q was excellent
(Cronbachs alpha 0.796 and 0.840 respectively).

Score distributions—Median total PLD-Q score was 42 (IQR 26 — 52) points in the
Netherlands and 40 (IQR: 25 - 57) points in the US. Scores were normally distributed (mean
39 + 18 and 42 + 21 respectively) and ranged from 0-88 points and 3-93 respectively. A
score of 0 points (floor effect) was found in two Dutch patients (1%) and in none of the US
patients. No patients scored the maximum of 100 points (ceiling effect). Missing results of
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the total scores (NL: 1% and US: 4% respectively) and individual items (0-4%) were low,
except for sexual intercourse in US patients (7%). However, none of the questions exceeded
the predefined cut-off value of 10% missing results.

Correlation PLD-Q scores with quality of life measures—The PLD-Q total score
showed a positive correlation with the symptom scale of the EORTC in both cohorts (NL:
0.788 and US: 0.811, P£<0.001), indicating that patients with more PLD-associated
symptoms on the PLD-Q had also a higher symptom burden on the EORTC symptom scale.
The global health VAS showed a negative correlation with the PLD-Q total score (NL: 0.517
and US: 0.599, A<0.001). This shows that patients with a high symptom burden on the PLD-
Q score have a low global health status. Both directions and magnitudes of the correlation
coefficients were consistent with our predefined hypotheses.

Correlation PLD-Q scores with organ volumes—We identified 76 Dutch patients
and 60 US patients with recent imaging. PLD-Q total scores ranged from 3-74 points, (mean
43 + 16) and 3-93 points (mean 41 + 23) respectively, comparable to the total validation
group scores. There was no significant correlation between the PLD-Q total score and
height-corrected liver volume (NL: r=0.138, £=0.236 and US: r=0.254, £=0.052).

Correlation PLD-Q scores with Gigot classification—From the identified PLD
patients with recent imaging, 78 patients (42 Dutch; 36 US) were classified as Gigot type |1
(median height-corrected liver volumes 1871 mL (IQR 1250 — 2586) and 1387 mL (IQR
1211 - 1791 respectively)), and 58 patients (34 Dutch; 24 US) as Gigot type 11l (median
height-corrected liver volume 4073 (IQR 3009 — 5307) and 2657 ml (IQR 1679 — 3473)
respectively). Gigot type Il individuals scored numerically higher on the PLD-Q total score
compared to Gigot type Il patients in both countries (respectively 46 + 16 vs. 40 £ 17 and 48
+ 25 vs. 36 + 22), although these differences were not significantly different (£=0.089 and P
=0.055).

Reproducibility—Test-retest was performed in 40 patients that returned the retest in the
Netherlands. Mean total score of the test in the Dutch cohort was 45 + 16 and 44 + 16 of the
retest, showing excellent reproducibility (intraclass correlation coefficient 0.94 (95% CI 0.88
—0.97)). In the US, 94 patients returned the retest of which 6 could not be used as a result of
missing values in test or retest. The mean difference between test and retest in this group
was 2 points (95% CI 0 — 3), again resulting in excellent reproducibility (intraclass
correlation coefficient 0.96 (95% CI 0.94 — 0.97)).

Bland-Altman plots of the difference between test and retest showed equal spread above and
beneath the mean difference indicating the lack of a systematic bias (see Figure 2).

PLD-specificity of PLD-Q items—PLD patients scored significantly higher compared
to the general controls on the PLD-Q total score (NL: 42 points (IQR 26 — 52) vs. 17 points
(IQR: 12 - 26), P<0.001 and US: 40 points (IQR: 26 — 57) vs. 13 points (IQR: 7 - 22)," P
<0.001 (see Figure 3)) and all individual items in both cohorts. Compared to the ADPKD
controls (without PLD), US PLD patients scored higher on the total score 40 points (IQR: 26
—57) vs. 22 points (IQR: 12 — 33), £<0.001 and all individual questions except for back
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pain (P=0.173). ADPKD controls scored higher than US general controls (22 points, (IQR:
12 - 33) vs. 13 points (IQR: 7 — 22); £=0.006).

Discussion

The PLD-Q is the first prospectively designed disease-specific questionnaire for patients
with PLD developed with input from patients, clinicians and experts in quality of life
research. This study provides evidence of content validity, reliability, good score
distributions, convergent validity, reproducibility and discriminative validity of the PLD-Q in
a Dutch and US cohort. We show that the PLD-Q is able to identify PLD-specific symptoms
and that these symptoms correlate with quality of life. The PLD-Q was easy to understand
which undoubtedly contributed to high completion rates and a small proportion of missing
data.

Parallel with development and validation of the PLD-Q, a Belgian group developed

a "polycystic liver disease complaint-specific assessment” (POLCA) tool, emphasizing the
need of a better patient-reported outcome in PLD.(35) Six highly educated panel members
designed the POLCA in Dutch by analyzing literature and medical records. POLCA was
validated in 61 PLD patients included in a clinical trial. Compared with PLD-Q, POLCA
does not include the items dyspnea, pain or pressure in the ribcage, limited mobility, fear or
anxiety for the future, and discomfort with intercourse, while our data suggest that these
symptoms impact PLD burden. These differences might be explained by the lack of patient
involvement in the development of POLCA, which limits content validity.(24 36) It is
unclear whether absence of pretesting in patients has led to reduced comprehensibility of the
POLCA, as the proportion of missing data is not provided. Finally, reproducibility of the
POLCA was not tested. Therefore clinically important change in POLCA scores cannot be
distinguished from measurement error.(30)

The PLD-Q showed no significant correlation with liver volume in the subgroup of patients
that had recent imaging. Although we expected that patients with larger liver volumes had
more symptoms measured with a disease-specific measure, this finding is consistent with
earlier studies. A recent study that used the SF-36, a generic quality of life measure, showed
no correlation with liver volume in severe PLD patients.(4) The same applies for the disease-
specific POLCA, as no correlation between POLCA scores and liver volume was detected.
Only one large study of ADPKD patients with early chronic Kidney disease not selected for
PLD severity (n=558) demonstrated a weak correlation between physical component scores
of the SF-36 and liver volume.(11)

Symptom presentation depends on different personal factors including body habitus, culture
and coping strategies,(37+ 38)and it might be possible that PLD-Q scores do not correlate
with liver volume in the total group, but correlate with individual changes in liver volume
over time. Symptoms may also correlate with cyst growth rate rather than total volume.
Further validation of the PLD-Q in longitudinal studies will be needed to test these
hypotheses.
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PLD patients scored higher on all items included in the PLD-Q compared to controls, with
the exception of the item back pain. ADPKD controls reported back pain scores similar to
our PLD cohort. Indeed, back pain is a frequent symptom reported in a previous study that
included ADPKD patients with smaller liver volumes, suggesting that the item is not liver
specific.(39) However, we show here that PLD does contribute to back pain, a reason to
retain back pain as an item in the PLD-Q.

A strength of this study is the rigorous development and validation of the PLD-Q conform
proposed quality criteria.(30) We included patients in all aspects of the development process,
as patient-derived measurements are shown to be more valuable than tools derived from non-
patient populations such as experts only.(40) We included patients with mild to severe
disease and their scores ranged to almost all possible scores of the scale, indicating that this
scale provides relevant information for patients in different severity stages. We also
confirmed the results from the Dutch cohort in a native English speaking cohort after
thorough translation and cultural adaptation. Testing the PLD-Q in a geographically and
demographically diverse population improves the generalizability of the results. In a rare
disease such as PLD, international collaborations will help accelerate progress towards
treatment. Finally, inclusion of two different control groups has led to a better interpretation
of PLD-Q scores since patient scores can be compared with reference values.

A limitation of this study is that we have not shown responsiveness, the degree to which a
measure can detect clinically important change over time, of the PLD-Q.(30) Obvious
changes in PLD symptoms are expected after liver resection or liver transplantation, as the
effect of somatostatin analogues on liver volume is relatively small.(41) We are currently
testing the responsiveness of the PLD-Q in a prospective study of patients subjected to liver
resection. The first four patients that have completed the PLD-Q prior to and six month after
the procedure showed large improvements in scores, suggesting responsiveness of the PLD-
Q, but additional data are needed to bolster these results. The fact that the PLD-Q can
differentiate between patients with different Gigot stages of PLD and control groups
provides additional preliminary evidence for responsiveness of the PLD-Q, as virtually all
patient-reported outcomes that can differentiate among clinically distinct groups are found to
be responsive to change.(42)

The one month recall time frame of the PLD-Q may be less sensitive to symptoms of cystic
complications such as cyst hemorrhages, ruptures and infections that may influence quality
of life. However, interviews and cognitive debriefings confirmed a 4-week recall period as
suitable period in our patient population. In addition, a large case series of 137 PLD cases
showed an incidence of 20 cyst hemorrhages, 12 cyst infections and 6 cyst ruptures during a
mean follow up period of more than 8 years, indicating that episodes of acute pain are rare.
(43)

In the vast majority of PLD patients, the indication of treatment is based on symptoms.(44)
The PLD-Q provides a new tool that is likely to be more sensitive to small but important
differences in the health status of patients after treatment interventions. The PLD-Q can be
considered as patient-reported outcome in clinical trials to support future claims to approve
medical treatment.(19) Apart from research purposes, the PLD-Q might be useful in clinical
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evaluation of PLD. Periodic monitoring of symptoms in PLD patients can guide, start or stop
decisions in medical treatment or may determine timing of surgery or liver transplantation. It
would be interesting to evaluate the ability of the PLD-Q to distinguish between fast and
slow progressors in a population with progressive disease. This requires a rigorous
prospective design with long-term follow up and this type of data is not available yet.

We advise to administer the PLD-Q in combination with a generic quality of life
questionnaire to provide a complete health status assessment in PLD patients. When adding
a generic questionnaire, it is preferably to choose a tool that has been validated previously in
the target population. Furthermore, short questionnaires are better to curtail patient burden.

To conclude, we have developed and validated a robust disease-specific questionnaire for
polycystic liver disease (PLD-Q) that reflects symptom burden and its impact on patient
well-being in a Dutch and US patient cohort. We recommend the PLD-Q as a patient-
reported outcome to assess PLD-related symptoms in clinical care and future research.

Potential users of the PLD-Q

The authors reserve copyright for the PLD-Q questionnaire and encourage potential users to
contact the authors. No charges or restrictions are placed on using the PLD-Q for non-
commercial purposes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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The Netherlands

Development PLD-Q: identification PLD-specific symptoms
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e Patient interviews (n=19)
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Validation study PLD-Q
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Y

United States
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Further improvement PLD-Q
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(n=203)

Figure 1.
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