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Abstract
Background & Aims: Primary sclerosing cholangitis (PSC) is a progressive, cholestatic 
liver disease which greatly impacts the lives of individuals. Burden of disease due to 
shortened life expectancy and impaired quality of life is ill- described. The aim of this 
study was to assess long- term disease burden in a large population- based registry 
with regard to survival, clinical course, quality adjusted life years (QALYs), medical 
consumption and work productivity loss.
Methods: All PSC patients living in a geographically defined area covering ~50% of 
the Netherlands were included, together with patients from the three liver transplant 
centres. Survival was estimated by competing risk analysis. Proportional shortfall of 
QALYs during disease course was measured relative to a matched reference cohort 
using validated questionnaires. Work productivity loss and medical consumption 
were evaluated over time.
Results: A total of 1208 patients were included with a median follow- up of 11.2 year. 
Median liver transplant- free survival was 21.0 years. Proportional shortfall of QALYs 
increased to 48% >25 years after diagnosis. Patients had on average 12.4 hospital 
contact days among which 3.17 admission days per year, annual medical costs were 
€12 169 and mean work productivity loss was 25%.
Conclusions: Our data quantify for the first time disease burden in terms of QALYs 
lost, clinical events, medical consumption, costs as well as work productivity loss, and 
show that all these are substantial and increase over time.
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1  |  INTRODUC TION

Primary sclerosing cholangitis (PSC) is a chronic cholestatic liver dis-
ease characterized by multifocal biliary lesions. Inflammatory bowel 
disease (IBD), mainly ulcerative colitis (UC), coexists in 70% of PSC 
patients.1 At diagnosis, 44% of patients had symptoms in a large 
Swedish cohort.2 Pruritus, fatigue and right upper quadrant abdomi-
nal pain were most frequently reported. With disease progression, 
recurrent cholangitis and complications of cirrhosis can occur.1 To 
date there is no curative therapy other than liver transplantation 
(LT), although patients might develop recurrent PSC.1 PSC is asso-
ciated with an increased risk of malignancies, mainly hepatobiliary 
malignancies such as cholangiocarcinoma and gallbladder cancer 
(GBC).3,4 Risk of colorectal cancer (CRC) is fivefold higher in PSC- 
IBD patients compared to IBD only patients.4 PSC is a severe disease 
with a dismal prognosis. The reported median time between diagno-
sis and LT or death varies from 14.5 years for tertiary centre cohorts 
to 21 years for population- based cohorts.4,5

Studies regarding the natural history and disease management 
have provided some insight in the clinical events which PSC patients 
may encounter. However, benchmark studies containing quantitative 
data regarding quality of life (QoL), medical consumption and work 
productivity loss are lacking. Such data are essential for assessing the 
burden that these patients experience throughout their disease course 
and for development of new therapies in terms of healthcare evalu-
ation studies. Accurate data on medical consumption are also indis-
pensable for healthcare policy makers to allocate sufficient resources 
to the care of patients. Burden of disease is driven by shortened life 
expectancy and loss of QoL when alive. Hence, assessment of disease 
burden starts with accurate description of long- term survival.

The aim of this study was to assess long- term disease course 
with an emphasis on disease burden that patients experience during 
their extended patient journey in terms of survival, clinical events, 
QoL, medical consumption and work productivity loss.

2  |  METHODS

2.1  |  Study design and population

Patients in this observational dynamic registry were included from 
2008 until 2020. Data were collected retrospectively from the date 
of diagnosis until 2008, and prospectively from that date onwards. 

The study cohort consisted of the population- based EpiPSCPBC 
registry4— with all PSC patients of all 44 hospitals in a geographi-
cally defined area covering 50% of the Netherlands— supplemented 
with newly diagnosed patients after 2011 and patients from all three 
Dutch LT centres. This registry evolved into the population- based 
EpiPSC2 registry, which is an open and dynamic registry, with con-
tinuous influx of new patients, resulting in variable patient- reported 
outcome (PRO) follow- up periods. All eligible patients (patients 
alive and approachable) with regard to General Data Protection 
Regulation (GDPR) were invited to fill in digital, validated PRO 
questionnaires. Questionnaires were sent 3- monthly between May 
2017 and May 2020. Inclusion criteria were an established PSC di-
agnosis according to the EASL Clinical Practice guidelines6 and age 
>18 years. Details regarding case finding and ascertainment have 

K E Y W O R D S
disease burden, medical costs, PSC, QALY, survival, work productivity loss

Key points

Primary sclerosing cholangitis (PSC) is a rare and severe 
liver disease which is thought to cause substantial disease 
burden, although a comprehensive assessment is lacking 
so far. Disease burden is partly driven by shortened life 
expectancy. Median transplant- free survival is reported 
to be 14.5– 21 years. Quality adjusted life years (QALY) 
assessment, medical consumption and work productivity 
loss have previously not been described in PSC. Disease 
burden in PSC is predominantly driven by shortened life 
expectancy. Around 21 years after diagnosis, half of the 
patients has died from PSC or underwent liver transplan-
tation. Ultimately, years lived with optimal quality of life 
relative to a Dutch reference cohort is reduced by 50%. 
Moreover, patients spend on average 12 days per year in 
a hospital, generate €12.000 medical costs per year and 
have a work productivity loss of 25%. It is estimated that 
PSC is responsible for >1 billion € of medical expenditure 
and economic loss annually in the European area. Our data 
demonstrate the severe disease burden in terms of QALY 
loss, medical consumption and work productivity loss 
caused by PSC. These data emphasize the urgent need for 
effective therapies and may aid in providing benchmark 
data for cost- effectiveness analyses of new therapies.
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    |  3van MUNSTER et al.

been described previously, however, elevated alkaline phosphatase 
levels were not required for PSC diagnosis after 2013.4 A diagnosis 
of autoimmune hepatitis (AIH)- PSC overlap was based on patients 
also fulfilling the simplified criteria for AIH.7 Diagnosis of IBD was 
based on the Lennard– Jones criteria.8 The study was approved 
by the institutional review board of the UMC Utrecht (reference: 
NL14614.041.06/METC 06- 267/E).

2.2  |  Patient involvement

Patients were involved in the development of both design and con-
tent of the study. Important study topics, frequency and extent of 
questionnaires and practical implementation were consulted with 
the patient organization. After every questionnaire, feedback of pa-
tients was evaluated and incorporated where possible. Progress of 
the study and interim results were biannually presented in digital 
news flashes and on patient conferences.

2.3  |  Data collection

Data were collected retrospectively from the date of PSC diagno-
sis onwards (baseline), followed by annual medical chart review 
and/or medical letters from treating physicians. At baseline, de-
mographics and clinical data regarding PSC diagnosis and coex-
isting IBD were collected. Alkaline phosphatase (ALP) >1.3 times 
the upper limit of normal (ULN) at diagnosis was recorded as an 
indicator of poorer prognosis.9 Patients were stratified based on 
PSC subtype. During follow- up, PSC- related clinical events and in-
terventions were monitored. Complete follow- up was defined as 
follow- up until death or last clinical follow- up <1 year before the 
end of the study period.

Periodic surveys contained validated questionnaires re-
garding health- related QoL (EQ- 5D- 5L), medical consumption 
(iMCQ) and work productivity loss (iPCQ, iMTA productivity Cost 
Questionnaire). These surveys were sent four times per year in 
February, May, August and November. Data were collected via 
CastorEDC, a cloud- based research data platform, fully compliant 
with Good Clinical Practice 21CFR, part 11, EU annex 11 and the 
European data protection directive.

2.4  |  Data handling and statistics

2.4.1  |  Clinical events

Incidence rates per 1000 patient years at risk were presented 
with 95%CI calculated using the Rothman/Greenland formula.10 In 
case of zero events, the upper bound of the 95%CI was calculated 
using the Bayr's method. Incidence rates were calculated for large 
duct PSC, small duct PSC and patients with features of AIH (either 
large or small duct) separately. 95%CI of the difference between 

subgroups was calculated using the Bayr's approximation method 
and tested with the mid- P method using WinPEPI en OpenEpi 
software.11,12

2.4.2  |  Survival

The endpoint LT- free survival is a combined endpoint consisting of 
LT-  or PSC- related mortality (death from end- stage liver disease, 
hepatobiliary malignancy or CRC). Cumulative incidence function 
(CIF) was calculated in R using the cmprsk package.13 CIF was cal-
culated for four endpoints: (a) LT-  or PSC- related mortality (LT- free 
survival); (b) LT or death from liver failure; (c) biliary malignancy and 
(d) CRC occurrence. Competing risks were taken into account to 
avoid overestimation of occurrence of events in patients who pre-
maturely died or underwent LT when using Kaplan– Meier estimates. 
With regard to the endpoint LT- free survival, unrelated mortality 
was considered a competing risk. For LT or death from liver failure- 
unrelated mortality and death by biliary malignancy was considered 
a competing risk. For biliary malignancy, all- cause mortality and LT 
were considered competing risks.

2.4.3  |  Quality adjusted life years loss

Quality adjusted life years (QALYs) of PSC patients in the 30 years 
after diagnosis were compared to an age-  and sex- matched refer-
ence cohort, by combining survival data and QoL data in various dis-
ease stages. The composition of the PSC population changes over 
time with the major impact being LT and death. In other words, the 
proportion follow- up days of the entire cohort per 5 years spent for 
example as severely ill, e.g. 1 year before LT, or deceased changes 
over time. To obtain insight in how disease burden progressed over 
time not only until death or LT, but also beyond the latter, we deline-
ated five different disease stages with putative different QoL values: 
>1 year pre- LT; <1 year pre- LT; <1 year post- LT; >1 year post- LT; and 
death. This delineation was designed based on the following notions: 
(i) the waiting time for LT is approximately 1 year after listing in the 
Netherlands, and the criteria for listing usually imply severe disease; 
(ii) the first year after LT is accompanied by substantial morbidity. 
The distribution of these various disease stages was assessed for 
each patient per 5 years after diagnosis and was derived from the en-
tire registry. Health- related QoL in these distinct disease stages was 
assessed with the EQ- 5D- 5L health status questionnaire. Scoring 
profiles are assigned health utility weights based on an available 
Dutch health scoring algorithm14 and range from −0.446 for extreme 
problems on all dimensions to 1.0 for no problems at all. By defi-
nition, death is assigned zero health utility. One year in full health 
equals one QALY. Given that the repeating EQ- 5D- 5L measures 
were equidistant in time, the mean QALYs per 5 years after diagno-
sis could be derived by taking the average health utility during the 
distinct disease stages, weighted for the mean lengths of time spent 
in each disease stage for each window of 5 years. For example, if a 
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4  |    van MUNSTER et al.

patient gets a liver transplant exactly 6 years after diagnosis and dies 
exactly 2 years later, his time period ‘between 5 and 10 years after 
diagnosis’ is divided as follows; 20% (365.25 days) ‘< 1 year pre- LT’, 
20% (365.25 days) ‘one year after LT’, 20% (365.25 days) ‘more than 
one year after LT’ and the other 40% of time (730.5 days) deceased. 
Time spent in every disease state is multiplied by the correspond-
ing average weighted health utility index. Survival and health utility 
was extracted from Centraal Bureau voor de Statistiek (CBS, a Dutch 
government agency responsible for collecting statistical information) 
and Dutch EQ- 5D- 5L reference data, age and gender distribution of 
the cohort was taken into account.14,15 Proportional shortfall (loss of 
QALYs relative to QALYs in the reference cohort) was calculated per 
5 years after diagnosis.

2.4.4  |  Medical consumption and costs

Medical consumption was measured with the iMTA Medical 
Consumption Questionnaire (IMCQ)16 and was calculated over 
all completed questionnaires between May 2017 and May 2020. 
The questionnaire enabled patients to report on in- hospital stay 
(including day- care treatment, emergency help), major diagnos-
tic and therapeutic procedures, use of maintenance medication 
(both IBD and PSC related), out- patient clinic visits and others 
(consultations by general physicians or paramedics, other insti-
tutional care like nursing homes, formal home care and own re-
imbursements) in the previous 3 months. All hospitalization days, 
diagnostic and therapeutic procedures, and out- patient clinic 
visits were expressed as mean per patient- year follow- up. Also, 
a general index for burden of in- hospital medical care was calcu-
lated as the number of hospital contact days (HCD) with 1 day of 
admission counting as one hospital contact day and out- patient 
clinic visits and diagnostic and therapeutic procedures counting 
as 0.5 or 1 depending on the time typically spent in- hospital for 
receiving such care. All unscheduled care was considered acute 
and all scheduled care (i.e. outpatient visits and colonoscopies) 
was considered planned.

Unit costing of used healthcare resources was based the most 
recent Dutch guideline for costing in healthcare provided by the 
Institute for Medical Technology Assessment (iMTA) on behalf of 
the Dutch National Health Care Institute.17 In addition, unit costs 
of in- hospital resources including personnel costs and all- in costs 
for a liver transplant procedure not provided in the guideline were 
extracted from the hospital ledger of one of the largest including 
centres. The reference year for costing was 2017. Unit costs from 
different base years were price- indexed, using general consumer 
price indices from Statistics Netherlands.18 The distribution of 
mean costs per patient- year across the different components of 
hospital care are reported for all PSC patients as well as for two 
subgroups: patients without LT and patients more than 1 year after 
LT. A general healthcare expenditure for age-  and sex- matched 
Dutch citizens was calculated based on 2017 data of Statistics 
Netherlands.19

2.4.5  |  Work productivity loss

Disease- related work productivity loss was measured repetitively 
with the IPCQ in the working population and pertained to the week 
prior to the data of the questionnaire.20 The working population 
was defined as all patients who stopped working because of pro-
gressive PSC and/or IBD— the fully disabled— and patients at work, 
some of whom may be temporarily on sick leave due to PSC and/
or IBD complaints. Fully disabled patients were considered to have 
100% productivity loss. Productivity loss while having a paid job was 
expressed as the percentage of normal working hours spent on sick 
leave. Data on work productivity loss are presented per 5 years after 
diagnosis before LT and <1 and >1 year after LT as mean percentage 
productivity loss of the working population and patients with paid 
work.

2.4.6  |  Statistical analysis (other)

Pearson's chi- squared test was used for categorical data. Independent 
t- test, one- way ANOVA, Mann– Whitney U test or Kruskal– Wallis 
was used for continuous data, depending on the number of groups, 
the distribution of data and the variance (based on Levene's test). 
Normality was assessed by normality tests and visual inspection of 
histograms and Q– Q plots. In case of median values of 0, because 
of highly skewed data, the median with interquartile range was not 
informative to report. Therefore, data were presented as mean (SD), 
but non- parametric tests were used for the analyses. A p- value of 
<0.05 was considered statistically significant. IBM SPSS version 
26.0 and R Studio were used for the statistical analyses.21,22

2.5  |  Role of the funding source

The study was funded by ZonMW (grant number: 836041010). The 
funder had no role in study design, data collection, data analysis and 
interpretation, writing of the manuscript or decision to submit for 
publication. None of the authors was paid to write this article by a 
pharmaceutical company or other agency.

3  |  RESULTS

3.1  |  Patients and response

A total of 1208 patients were included with a median follow- up of 
11.2(5.9– 17.6) years. Baseline characteristics of the entire cohort 
and the 359 patients participating in the PRO substudy are pre-
sented in Table 1. Baseline characteristics according to PSC pheno-
type are shown in Table S1. A sensitivity analysis comparing patients 
who participated in the PRO questionnaires versus those alive at the 
issuing of the first questionnaire but not participating is presented 
in Table S2. There was a small but significant decrease in the amount 
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    |  5van MUNSTER et al.

of patients with a coexisting IBD diagnosis, mostly UC, transplanted 
and an elevated ALP >1.3× ULN at diagnosis in the patients in the 
PRO substudy compared to the non- responders alive at the first 
questionnaire. Survival, clinical events and QALY loss were based on 
the entire cohort, medical consumption and costs, as well as work 
productivity loss was evaluated in patients returning PRO question-
naires. For various reasons, not all patients could be approached to 
receive PRO questionnaires (Figure S1). Out of 511 invited patients, 
359 (70%) agreed to receive questionnaires. Of those, 316 patients 
(91%) completed at least one questionnaire. During 3 years, 3525 
questionnaires were sent and 67% were completed. To check for 
potential bias on reporting by phenotype, we determined whether 
completing more questionnaires was associated with certain factors. 
Spearman correlation showed no significant bias, see Table S3.

3.2  |  Clinical events

Incidence rate per 1000 patient years of decompensated cirrhosis 
was 16.9 in large duct as opposed to 3.4 in small duct PSC patients 
(p = 0.004) (Table 2). Incidence rate of LT was 21.2 in large duct 
and 3.8 in small duct PSC. The occurrence of biliary malignancy was 
more than twice as common in large duct PSC compared to PSC/
AIH (8.0 vs. 3.2, p = 0.095) or SD- PSC (8.0 vs 2.5, p = 0.065); how-
ever, contrast did not reach a statistically significant difference. No 
GBC, hepatocellular carcinoma (HCC) or pancreatic cancer occurred 
in PSC- AIH or small duct PSC. We found no significant differences 

in clinical events in PSC- only and PSC- IBD patients, except for HCC, 
CRC and colectomy (Table S4). During the prospective FU phase 
2/76 (3%), small duct patients were documented to have progressed 
to large duct disease.

3.3  |  Survival analysis

Figure 1 presents the CIF of LT-  or PSC- related mortality (LT- free 
survival) (A), LT or death from liver failure (B) and biliary malignancy 
(C) from diagnosis onwards accounting for competing risks as well as 
the CIF of the competing risks. Median LT- free survival respecting 
competing risks was 21.0 (10– 37) years after diagnosis (A). Median 
survival until LT or death from liver failure was 28.3 (13– 44) years. 
Cumulative incidence of biliary malignancy was 19.0% at 44 years 
(C). Median time from diagnosis until all- cause mortality was 28.1 
(25– 31).

Total number of deaths was 292, of which 152 PSC related; 54 
liver failure, 66 hepatobiliary cancer, 12 CRC, 16 complications per-
taining to LT and 4 other PSC- related cause. A total of 287 patients 
received ≥1 LT. The cumulative incidence function of the occurrence 
of CRC is shown in Figure S4.

3.4  |  Shortfall of QALYs

Health utility calculation for each disease stage was based on the 
EQ- 5D- 5L scores from the patients participating in the PRO sub-
study (N = 359). Shortfall of QALY's was calculated based on the 
survival data and person years contributed to each disease stage of 
the entire cohort (N = 1208). Health utility at the time of PSC diag-
nosis was 0.89 for both patients and the matched reference popula-
tion. From diagnosis until 1 year before LT, health utility ranged from 
0.822 to 0.866 depending on disease duration. Health utility was 
0.797, 0.834 and 0.836 for patients <1 year pre- LT, <1 year post-
 LT and >1 year post- LT respectively. The distribution of time spent 
in distinct disease stages per 5 years after diagnosis is presented in 
Figure 2A. LT was infrequently observed during the first 5 years after 
diagnosis with 93% of all follow- up time spent in the disease stage 
>1 year pre- LT, while 26– 30 years after diagnosis death already 
reduced the time alive to 42% with almost half of that time (19%) 
being alive after LT. In the first 30 years after diagnosis, PSC patients 
generated a total of 18.2 QALYs on average. This is 5.7 QALYs less 
than a Dutch age-  and sex- matched reference cohort in the same pe-
riod (Figure 2B). Proportional shortfall of QALYs was 7% in the first 
5 years after diagnosis and rose to 48% 26– 30 years after diagnosis.

3.5  |  Medical consumption and costs

Analyses regarding medical consumption and costs were based on 
the subset of patients participating in the PRO substudy (N = 359). 
PSC patients spent on average 12.3 (±27.6) days per year in hospital, 

TA B L E  1  Baseline characteristics of the entire cohort

Baseline characteristics
Entire cohort 
(N = 1208)

Patients in PRO 
substudy (N = 359)

Male gender, n (%) 767 (64) 218 (62)

Age at diagnosis, med (IQR) 39 (28– 49) 40 (28– 48)

Large duct PSC, n (%) 1002 (86) 290 (83)

PSC- AIH, n (%) 83 (7) 30 (9)

Small duct PSC, n (%) 76 (7) 30 (9)

Coexisting IBD, n (%) 820 (70) 224 (64)

Ulcerative colitis, n (%) 606 (74) 156 (70)

Crohn's disease, n (%) 169 (21) 57 (25)

IBD- U, n (%) 45 (5) 11 (5)

Signs of dec. liver cirrhosis 
during FU, n (%)

176 (22) 12 (3)

Liver transplanted, n (%) 287 (24) 72 (20)

ALP at diagnosis >1.3× 
ULN, n (%)

367 (74) 89 (66)

Bilirubin times ULN at 
diagnosis, med (IQR)

0.8 (0.5– 1.9) 0.7 (0.5– 1.4)

Non- related comorbidities, 
med (IQR)

1 (0– 2)

Cardiovascular disease, 
n (%)

55 (21)

Diabetes type I and II, n (%) 22 (8)
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6  |    van MUNSTER et al.

of which 4.2 (±19.2) days were for acute care (Figure 3). Distribution 
of HCD was skewed to the right (Figure S2). Total mean HCD (be-
fore LT) was lowest in the first 5 years after diagnosis (8.8 ± 16.2) and 
highest 16– 20 years after diagnosis (11.8 ± 19.0). Quantity of planned 
care remained stable over time, but acute care increased significantly 
from 2.1 (±12.2) to 3.8 (±12.1) per year (p = 0.016). HCD was on aver-
age 86.3 (±104.0) the first year after LT. This significantly decreased 
to 13.8 (±23.5) days >1 year after LT. Patients with large duct PSC 
reported more HCD (planned and acute) compared with small duct 
PSC (Figure S3). Planned HCD occurred more frequently in PSC- IBD 
patients compared to PSC alone (8.1 ± 11.2 vs 6.8 ± 8.2, p = 0.006).

Medical costs were based on 576 patient- years of follow- up. 
On average, patients visited their gastroenterologist/hepatolo-
gist with a median number of visits of 4, (IQR: 0– 4), other medical 
specialist 0 (IQR: 0– 4); blood sampling was performed four times 
per year (IQR:0– 4). Mean annual medical costs per patient were 
€12,169 (Figure 4, Table S5) compared to €5436 for age-  and sex- 
matched Dutch citizens. Clinical care accounted for the largest share 
with €2736, followed by other costs (€2717). Mean yearly costs 

of all patients before LT was €8856. Within 1 year post- LT, annual 
costs were €126 295 including costs for the transplantation itself 
(€45,638). More than 1 year post- LT annual costs were €15 376.

3.6  |  Work productivity loss

The analysis regarding work productivity loss was based on the pa-
tients participating in the PRO substudy (N = 359). IPCQ was com-
pleted at least once by 324 patients, of which 68 (21%) had no paid 
work due to other causes, resulting in a working population of 256 
patients. Patients with paid work had on average 34 contract hours 
per week. In Figure 5, mean productivity loss of the working popula-
tion was 25%. Before LT, productivity loss increased from 18% to 
34% (p < 0.001). Productivity loss among patients with paid work 
(working population without fully disabled patients) was stable over 
time. The grey area represents the survival curve of the entire co-
hort. It is important to notice that during follow- up, severely ill pa-
tients disappeared from the cohort due to death or LT.

TA B L E  2  Incidence rates (95% CI) per 1000 patient years at risk for clinical events in all patients and stratified for PSC type

All patients 
(n = 1208)

Large duct PSC 
(n = 1002)

PSC- AIH 
(n = 83)

Small duct PSC 
(n = 76)

Mid- p value large 
duct vs PSC- AIH

Mid- p value large 
duct vs small duct

Signs of dec. cirrhosis 16.4 (14.1; 16.4) 16.9 (14.5; 19.8) 19.7 (12.3; 31.8) 3.4 (0.9; 13.6) 0.534 0.004

Liver transplantation 19.7 (17.5; 19.7) 21.2 (18.8; 23.9) 15.2 (9.0; 25.7) 3.8 (1.2; 11.7) 0.223 <0.001

Biliary malignancy 7.4 (6.2; 7.4) 8.0 (6.6; 9.8) 3.2 (1.1; 10.1) 2.5 (0.6; 10.0) 0.095 0.065

Cholangiocarcinoma 6.4 (5.5; 6.4) 6.8 (5.6; 8.5) 3.3 (1.1; 10.1) 2.5 (0.6; 10.0) 0.189 0.128

Gallbladder cancer 1.0 (0.6; 1.0) 1.2 (0.7; 2.0) 0.0 (0.0; 5.1) 0.0 (0.0; 5.9) 0.351 0.402

Hepatocellular 
carcinoma

0.8 (0.4; 0.8) 1.5 (1.0; 2.3) 0.0 (0.0; 5.1) 0.0 (0.0; 5.9) 0.265 0.315

Pancreas cancer 0.3 (0.1; 0.3) 0.3 (0.1; 0.8) 0.0 (0.0; 5.1) 0.0 (0.0; 5.9) 0.756 0.784

Colorectal cancer 4.2 (3.3; 4.2) 4.5 (3.5; 5.8) 2.2 (0.5; 8.7) 1.3 (0.2; 8.9) 0.316 0.166

Colectomy 10.8 (9.2; 10.7) 10.6 (9.0; 12.6) 12.0 (6.6; 21.6) 11.3 (5.9; 21.7) 0.679 0.822

F I G U R E  1  Cumulative incidence curves (95% CI intervals) for PSC- related mortality or LT (A), LT or death from liver failure (B) and biliary 
malignancy (C). The red line represents the cumulative incidence of the outcome respecting competing risks, the grey line represents the 
cumulative incidence of competing risk for reference.
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    |  7van MUNSTER et al.

Mean productivity loss of the working population in the first 
year after LT and >1 year after LT was 58% and 38% respectively 
(p = 0.085). Patients after LT with paid work had production 
loss of 43% in the first year decreasing to 9% >1 year post- LT 
(p < 0.001).

4  |  DISCUSSION

We here present the first longitudinal data on disease burden in PSC 
in the largest population- based registry to date. Disease burden is 

driven by both morbidity and mortality. LT- free survival in this study, 
taking into account competing risks, is slightly better than in most 
other population- based studies.2,4,5,23 Survival until LT or all- cause 
mortality without taking competing risks into account was 18.0 years 
in our cohort, which is ~4 years longer than the same endpoint in the 
IPSCSG study which consisted mainly of tertiary care patients.5 This 
is likely explained by selection bias.2

Besides decreased life expectancy, patients experience substan-
tial disease burden during the course of their illness. PSC is a slowly 
progressive, but ultimately severe disease, which is reflected by rel-
atively low disease burden in the first years after diagnosis (9%) and 

F I G U R E  2  Proportional shortfall of QALYs. Distribution of disease states of all patients per 5 years after diagnosis (A) and health utility 
in the years after diagnosis in PSC versus an age-  and sex- matched reference population, the red line represents proportional shortfall of 
QALYs of PSC patients relative to the reference population (B).

F I G U R E  3  Mean hospital contact days. During follow- up in patients before LT stratified by years after diagnosis (A) and after LT stratified 
by the first year and after the first year after LT (B). Planned care is depicted in green, acute care in blue. A significant difference is indicated 
with an “*”.
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8  |    van MUNSTER et al.

the exponential increase to a sizeable ~48% proportional shortfall 
after 26 years.

Interestingly, QALY loss in PSC patients appears to be predom-
inantly driven by shortened life expectancy rather than impaired 
QoL when alive. Health utility indices were comparable to the 
limited number of available studies in other chronic liver disease 
populations.24,25

PSC patients spend on average one day per month in a hospi-
tal and generate on average ~€12 000 medical costs per year. This 
is more than double the costs of the Dutch reference population 
(~€5.700).19 Inferring this to an estimated 45 000 PSC patients in 50 
countries of Europe lead to an estimated relative annual medical ex-
penditure on this rare disease of >€475 million, accommodating for 
differences in purchasing power parities across Europe.26 Work pro-
ductivity loss of all patients that are willing to work (working popula-
tion) is 25% and increases over time, even though the more severely 
ill patients drop- out due to LT or death. This adds another estimated 
€530 million economic loss in the wider European area only, tak-
ing into account disparities in wages and labour costs throughout 
Europe.27

Annual medical costs of PSC patients are much higher com-
pared to other studies with IBD patients (~€260028), PBC (~€95029) 
or AIH (~€100030). However, paramedical costs and patients' own 

reimbursements were not included in these studies as well as costs 
for co- morbidities. Direct medical costs in an American study with 
chronic liver disease patients was $19 000.31 Although we cannot di-
rectly compare our study to others, PSC patients appear to generate 
substantial economic burden.

Work productivity loss is mainly driven by a high rate of fully 
disabled patients. PSC/IBD- related absenteeism in patients with 
paid work was on average 7.5%. Recent data on the general Dutch 
population show that disease- related absenteeism is around 4.4%.32 
Hence, work productivity loss in PSC causes substantial economic 
burden.

The major strengths of this study lay in its large sample size with 
more than 1200 patients, its population- based nature, and the long 
median follow- up period of more than 11 years. With numbers more 
than doubled and a median FU 1.5 times longer we strengthen and 
recapitulate results from our earlier study confirming that prognosis 
is considerably better than that observed in predominantly tertiary 
care series.2,4,5,23 Moreover, disease burden was not based on one 
single measurement, but instead measured longitudinally, which al-
lows a more accurate overall estimation of a variable outcome mea-
sure such as the EQ- 5D- 5L.

Some limitations need to be addressed. Healthcare costs may 
be difficult to generalize as unit costs and management policies 

F I G U R E  4  Distribution of mean costs 
per person- year. Costs are stratified by 
seven categories and presented for all 
patients, only patients before LT and only 
patients >1 year after LT. Costs associated 
with each category are specified in 
Table S5.

F I G U R E  5  Work productivity 
loss during follow- up. In the working 
population (blue) and in patients who are 
able to work (working population without 
fully disabled patients) (green). The grey 
area represents the proportion of patient 
days alive without LT (patients with LT- 
free survival).
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    |  9van MUNSTER et al.

differ per country. This may also apply to work productivity loss as 
the definition of work disability and availability of a social security 
systems vary. Also, clinical course of Dutch PSC patients might not 
be fully representative of the global situation. However, median 
transplant- free survival was quite similar to two population- based 
cohorts from Oxford, UK and the Helsinki and Uusimaa hospital 
district, Finland.23,33 Until 2013, elevated alkaline phosphatase 
was required to make a diagnosis of PSC. This implies that there 
could be a bias towards underrepresentation of less severe PSC 
patients in those cases that were accrued before 2013. However, 
this bias may be mitigated by the fact that PSC is usually a pro-
gressive disease, with resultant elevations in alkaline phosphatase 
and other liver enzymes, with probable surfacing of the diagno-
sis before 2020. Clinical data were retrospectively accrued from 
medical charts and due to recently introduced GDPR legislation 
constraints, follow- up could only be obtained after written in-
formed consent. For the same reason, not all patients could be 
approached for the PRO part of the study. Moreover, the PRO 
questionnaires were sampled longitudinally albeit follow- up was at 
maximum 3 years and not the whole diseased period (in contrast to 
the clinical follow- up). Hence, patients who filled in PRO question-
naires in the first 5 years after diagnosis are not the same as the 
ones 20 years after diagnosis. Although we encouraged patients 
from the whole PSC spectrum (from asymptomatic to severely 
diseased) to participate, there may be some selection/responder 
bias. Clinical characteristics of patients receiving PRO question-
naires were mostly similar to those who did not participate in the 
prospective PRO measurements. The amount of patients with a 
coexisting IBD diagnosis in general, but not with regard to IBD- 
phenotype, and an elevated ALP >1.3x ULN at diagnosis were 
slightly, albeit significantly, less represented among the patients 
in the PRO substudy. Furthermore, age at diagnosis was slightly 
higher in those taking part in the PRO study.

The generic EQ- 5D- 5L health- related QoL instrument was used 
to derive QALYs and assess the burden of disease of PSC patients 
from a societal perspective. Although generic, the EQ- 5D- 5L do-
main and index scores reflect the impact of symptoms as pain, itch-
ing and fatigue34 which are recognized features of how patients 
experience having PSC in daily life.35 The EQ- 5D- 5L scores un-
doubtfully would also reflect worries, depressed feelings and lim-
ited functioning in work and social activities to a reasonable extent, 
but for more details what makes PSC patients worry, why they may 
feel depressed or which activities they are unable to perform in 
particular, more disease and domain- specific questionnaires should 
be used for a full account of the relevant QoL issues in PSC.36

QALY analysis is in general complicated by a heterogeneous and 
episodic disease course, which are both the case in PSC.37 Taking 
into account these limitations, follow- up was split in different dis-
ease stages based on the available data. Recall bias can never be 
ruled out completely, although we deliberately chose in conjunction 
with the patient panel for 3- monthly questionnaires in order to limit 
this potential confounder as much as possible. Several studies have 
shown that a recall period of 3 months gives reliable data regarding 

medical consumption.38,39 In addition, medical charts and annual let-
ters to the GP were scanned for medical consumption items yearly.

In conclusion, these long- term FU data confirm that on 
population- based level LT- free median survival is more favourable 
than reported earlier. This study for the first time quantifies the se-
vere burden PSC patients suffer from during their disease course, 
underscoring the urgent need for an effective therapy, and call for 
replication in other regions. Our data may serve as benchmark in 
(cost- )effectiveness analyses of new therapies, as well as may aid 
healthcare planners in future budget allocation.
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