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Graphical abstract
Highlights: Impact and implications:
� At the 3-year follow-up, 41% of patients demonstrated bile
duct disease progression.

� The most sensitive markers for progression were biliary
calprotectin and biliary interleukin-8.

� The value of conventionally used serum liver function tests
was limited in assessing bile duct disease progression.

� This study could improve the management of PSC by
identifying reliable surrogate markers for short-term dis-
ease progression.
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Validated prognostic tools for estimating short-term bile duct dis-
ease progression in primary sclerosing cholangitis are lacking. In
this prospective study, based on sequential endoscopic retro-
grade cholangiopancreatography examinations, biliary calpro-
tectin and IL8 levels turned out to be more sensitive for predicting
bile duct progression than traditional liver function tests, such as
alkaline phosphatase, in the short term. These findings could lead
to more personalized patient surveillance and improve clinical
practice by providing a more accurate method for monitoring
disease progression and treatment responses. Additionally, these
markershavepotential as surrogateendpoints in clinical drug trials.
The limitation is that measurement of biliary IL8 and calprotectin
requires endoscopic retrograde cholangiopancreatography with
bile sampling.
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Surrogate markers of bile duct disease progression in primary
sclerosing cholangitis – A prospective study with repeated

ERCP examinations

Martti Färkkilä1,4,*, Fredrik Åberg2, Henrik Alfthan3, Kalle Jokelainen4, Lauri Puustinen4, Hannu Kautiainen5, Andrea Tenca4

JHEP Reports 2024. vol. 6 j 1–9
Background & Aims: Validated prognostic tools for estimating short-term bile duct disease progression in primary sclerosing
cholangitis (PSC) are lacking. We evaluated the predictive value of serum and biliary biochemistry for the progression of bile duct
disease in PSC using repeated endoscopic retrograde cholangiopancreatography (ERCP) examinations to identify surrogate
markers for more personalized surveillance.

Methods: We conducted a prospective analysis including patients with PSC who underwent ERCP for confirmation of diagnosis,
monitoring of disease progression, or dysplasia surveillance. ERCP findings were scored, and dilatation was performed if a
dominant stricture was diagnosed or if a cytology brush could not be passed. Bile samples were aspirated for biliary IL8 and
calprotectin. We analysed optimal cut-off values and AUCs for 20 laboratory markers and evaluated their association with the time
to an ERCP score increase of >−2 points or first dilatation, whichever came first. Of the 1,002 patients, 653 had >−2 ERCP ex-
aminations and >−3 years of follow-up. After excluding patients with PSC-overlap syndrome or initial dilatation, 398 patients
were included.

Results: Of the patients included, 62% had mild or moderate and 38% had advanced bile duct disease. During follow-up, 41%
of patients demonstrated progression of disease. Biliary calprotectin (AUC 0.76; 95% CI 0.69 to 0.82) and IL8 (AUC 0.76; 95%
CI 0.69 to 0.84) were the only variables that demonstrated predictive value for disease progression and/or need for dilatation.

Conclusions: Biliary calprotectin and IL8 are promising surrogate markers for identifying patients with PSC at risk of progression
and determining the timing for subsequent imaging. Conventional liver function tests may not be sensitive or specific enough to
monitor PSC progression, particularly in the short term.

© 2024 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Primary sclerosing cholangitis (PSC) is a chronic inflammatory
disease of the biliary epithelium that leads to strictures of the
intra- and extrahepatic bile ducts and eventually to secondary
biliary cirrhosis.1 Chronic inflammation is associated with
increased proliferation of biliary epithelial cells, development of
bile duct strictures, and a markedly increased risk of biliary
dysplasia and cholangiocarcinoma, with relative risks ranging
from 161- to 973-fold.2,3 The ESGE/EASL recommends4

magnetic resonance cholangiography (MRCP) over endo-
scopic retrograde cholangiopancreatography (ERCP) as the
primary diagnostic modality for PSC. However, MRCP has a
low sensitivity for identifying early changes in intrahepatic
PSC.5,6 Earlier studies on the role of imaging in predicting PSC
prognosis have been based on late endpoints such as liver
transplantation and death,7 rather than disease progression in
the short term, for more personalized clinical management and
in clinical trials. MRCP has been studied to evaluate predictive
features of bile duct disease progression based on liver
* Corresponding author. Address: Helsinki University Hospital, PB 340, 00029 HUS, Finla
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dysmorphology and signs of portal hypertension, which are all
late signs.8 The use of the MR risk score in combination with
transient elastography and survival without transplantation or
decompensation as the primary endpoint has been shown to
identify risk of developing adverse outcomes.9 The recently
published DISTRICT score evaluating intrahepatic and extra-
hepatic ductal changes in three-dimensional MRCP images is
also based on late outcomes, transplantation, or liver-related
death.10

Several previous studies have evaluated serum bio-
markers,11 e.g., decreases in plasma (P-) alkaline phosphatase
(ALP),12 interleukin-8 (IL8),13 and ELF (enhanced liver fibrosis)
test,14 in addition to combined indices, e.g., the UK-PSC
score,15 Amsterdam-Oxford PSC model (AOM),16 and Pres-
To,17 using late endpoints such as hepatic decompensation,
cirrhosis, transplantation-free survival or death. The recent
EASL clinical practice guidelines on PSC recommended risk
assessment at the time of diagnosis and sequentially based on
phenotypic factors and non-invasive tests, including standard
nd.
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Markers for bile duct disease progression in PSC
biochemical tests; MRI with MRCP; and liver elastography or
serum fibrosis tests.18 Liver biopsy, commonly used as a pri-
mary endpoint in clinical trials for drug development,11,19 is not
optimal due to the patchy nature of histological findings in PSC.
At present, there are no validated prognostic tools for esti-
mating short-term indicators of bile duct disease progression
and the development of new strictures in individual patients
with PSC.

We aimed to identify surrogate markers for short-term PSC
progression for more personalized patient surveillance. We
evaluated the ability of clinical, serum and biliary biochemistry
parameters and bile duct inflammation to predict the progres-
sion of bile duct disease based on changes in scores on
sequential ERCP examinations at the 3-year follow-up.

Patients and methods

Clinical data and ERCP examinations

Patients referred for ERCP examination with suspicion or
documented PSC were included in this prospective registry
study. The diagnosis of PSC was made according to the EASL
clinical practice guidelines.18 The indications for ERCP were to
1) confirm the diagnosis, 2) follow-up disease progression, and
3) for the surveillance of dysplasia. ERCP was performed by
four experienced gastroenterologists (MF, KJ, AT, LP) using the
balloon occlusion technique to ensure adequate and stan-
dardized filling of intra- and extrahepatic bile ducts in succes-
sive ERCP procedures. Images were evaluated using the
Helsinki score (modified Amsterdam score);20 see Fig. 1.
Dominant stricture (DS) was defined as a stenosis with a
diameter <−1.5 mm in the common duct or <−1.0 mm in the he-
patic duct within 2 cm of the bifurcation.21 Dilatation was per-
formed when DS was diagnosed or when the cytology brush
could not be passed through the stenosis. Disease progression
was defined as the time to increase to an ERCP score >−2 and/or
Amsterdam 
score28 Intrahepatic

0 No visible abnormalities
1 Ductular irregularities
2 Multiple caliber change; minimal dilatation

3 Multiple strictures; saccular dilatations,
decreased arborization

4 Only central branches filled despite adequat
pressure; severe pruning

Helsinki 
score20

4 Extremely irregular margins: diverticulum
like outpouchings

Extrahepatic

0 No visible abnormalities
1 Slight irregularities of duct contour, no strictu
2 Segmental strictures
3 Strictures of almost entire length of duct

16

0

I

II

III

0
I
II
III

IV

Total

Fig. 1. Scoring endoscopic retrograde cholangiopancreatography findings: Co
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to the time to dilatation from the first ERCP, whichever came
first in the 3-year follow-up.

In total, 1,002 patients were included, 653 of whom had >−2
ERCP examinations performed within a follow-up of <−3 years
after the first ERCP. After excluding patients with PSC-
autoimmune hepatitis (AIH) overlap syndrome and those with
dilatation at their first ERCP, 398 patients were identified
(Fig. 2). The numbers of ERCP procedures and dilatations
performed are presented in Fig. 3.

Brush cytology

Brush cytology (BC) was collected systematically regardless of
possible DS to grade inflammation and detect biliary dysplasia
using a brush with a guide wire (RX Cytology Brush, Boston
Scientific, MA, USA). The brush tip was cut, and the brush and
the fluid from the brush catheter shaft were flushed with 50%
ethanol into a vial containing 50% ethanol. The sample was
analysed as described previously.2 Neutrophilic inflammation in
BC was evaluated semiquantitatively (0 = neutrophils/epithelial
cells <0.05, 1 = neutrophils/epithelial cells 0.05-0.4, 2 = neu-
trophils/epithelial cells >0.4) and likewise for lymphocytes.

Plasma and bile acid samples

Plasma and serum clinical chemistry parameters were obtained
from the Helsinki University Central Laboratory (HUSLab). Bile
samples were aspirated using a balloon occlusion catheter and
stored at -80 �C.

Biliary calprotectin was quantitated with an immunometric
assay from CALPRO AB, Lysaker, Norway (CalproLabTM ELISA
(ALP)). Before analysis, each sample was diluted threefold in
sample dilution buffer (1:10, 1:300 and 1:9,000). The standard
curve covers the calprotectin concentration range of
7.8–500 lg/L. The detection limit of the assay was 5 lg/L. The
intra-assay coefficient of variation (C.V.) was <6%, and the
Helsinki score: 3+2+1+2=8

DSe filling

re

mparison of Amsterdam and Helsinki scoring systems.
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1,002 PSC patients from
HUS PSC registry

398 final study population

234 patients with <2 
points increase in ERCP

score ≤3 years

164 patients with ≥2 
points increase in ERCP

score ± dilatation ≤3 
years

174 patients with  
dilatation in the 1st ERCP

81 patients with 
PSC-AIH-overlap

349 patients with <2 
ERCP examinations 
≤3 years

Fig. 2. Derivation of the study cohort. ERCP, endoscopic retrograde chol-
angiopancreatography; PSC, primary sclerosing cholangitis.
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interassay C.V. was <8% in the concentration range 17–395
lg/L.

Biliary IL8 was quantitated with an immunometric assay
from R&D Systems® (Quantikine® ELISA, Human IL8/CXCL8).
Number of ERC
2 3 4 5 6 ≥7

0

10

20

30

40

50

60

70

80

Pe
rc

en
ta

ge

Fig. 3. Distribution of percentages of ERCP examinations and dilatations p
grade cholangiopancreatography.
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Before analysis, each sample was diluted threefold in RD5P kit
buffer (1:10, 1:100 and 1:1,000).

The standard curve covers the IL8 concentration range of
31–2,000 ng/L. The detection limit of the assay was 3.5 ng/L.
The intra-assay C.V. was <8%, and the interassay C.V. was
<10% in the concentration range 105–1,090 lg/L. For both
assays, the diluted sample with the closest fit to the middle of
the standard curve was used to calculate the quantita-
tive result.

Statistics

Summary statistics are presented as mean (SD), median (IQR),
or count as a percentage. The unadjusted hypothesis of line-
arity was tested using the Cochran–Armitage test, analysis of
variance or Cuzick test depending on the distribution of the
outcome. Unadjusted differences between the groups were
evaluated using the t test, Mann‒Whitney test, or chi-square
test. When adjusting for disease duration between the
groups, the non-parametric Koch’s test was used. Measure-
ment ratios between groups were evaluated using linear
regression, logistic regression, or median regression (least-
absolute-value) models. The possible non-linear relationships
between the endpoint and the ERCP score, and laboratory
values were assessed by using 4-knot restricted cubic spline
logistic regression models. The lengths of the distribution of
knots were located at the 5th, 35th, 65th and 95th percentiles.
Models for endpoints included sex and disease duration as
covariates. Receiver-operating characteristic curves were
constructed to determine the cut-off point with a bias-
corrected accelerated bootstrap confidence interval (10,000
repetitions). AUC values ranging from 0.7 to 0.8 indicated
0 1 2 3 4 ≥5
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erformed during the follow-up period of 3 years. ERCP, endoscopic retro-
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Markers for bile duct disease progression in PSC
reasonable discrimination, and values exceeding 0.8 indicated
good discrimination. We defined the best cut-off value as the
value at which the Liu method maximized the product of
sensitivity and specificity. Diagnostic accuracy statistics and
95% CI values were calculated. Differences between the AUCs
were evaluated using the DeLong algorithm. The STATA 18.0
and StataCorp LP (College Station, TX, USA) statistical pack-
ages were used for the analyses. The Mayo risk score,22 AOM16

and FIB4 (fibrosis-4 index)23 were calculated as previously
described.

Ethics

All patients included in the PSC registry provided written
informed consent. The study was performed following the
principles of the GCP and in accordance with the ethical
guidelines of the Declaration of Helsinki (6th revision, 2008).
The study protocol was approved by the Helsinki University
Hospital Ethical Committee IV, HUS/1566/2020.

Results

Demographic and laboratory data

Clinical characteristics and laboratory results according to bile
duct disease severity at baseline are presented in Table S1. Of
the whole study cohort (N = 398), 115 patients had mild (Hel-
sinki ERCP score 2-3), 130 had moderate (score 4-6), and 153
had advanced bile duct disease (score >−7). The majority of
patients (73-81%) used ursodeoxycholic acid, with no differ-
ences between groups. Plasma aminotransferases, gamma-
glutamyltransferase and bilirubin differed markedly across
patients with mild, moderate, or advanced disease, but no
difference was detected in P-ALP levels. However, the markers
of biliary inflammation: biliary (Bi)-calprotectin and Bi-IL8 levels,
and neutrophil and lymphocyte counts were significantly linear
across patients with mild to advanced bile duct disease. In
total, 164 (41%) patients demonstrated progression based on
an increase in the ERCP score of >−2 points and/or the need for
dilatation of at least one stricture. Table 1 shows the baseline
characteristics and laboratory results of non-progressors (n =
234) and progressors (n = 164). Patients who reached the
endpoint presented significantly more frequently with both
intra- and extrahepatic disease and higher baseline ERCP
scores (p <0.001). P-ALP, the Mayo score, FIB4 or AOM did not
differ between the groups. The median ratios of progression to
non-progression were 11.92 (4.73 to 30.93) for Bi-calprotectin
and 7.10 (3.44 to 12.86) for Bi-IL8.

Fig. 4 shows the proportion of patients with bile duct dis-
ease progression based on the baseline ERCP score. The most
marked difference between progressors and non-progressors
was observed in mild or moderate disease. We combined
these two groups to further study the factors associated
with progression.

The clinical characteristics and laboratory results of patients
with and without disease reaching the endpoint at the end of
follow-up are shown in Table 2. The most marked changes
were observed in Bi-calprotectin and Bi-IL8 levels.

Optimal cut-off values predicting endpoint

We then analysed the optimal cut-off values, AUCs, positive
likelihood ratios and accuracies of 20 different laboratory
JHEP Reports, --- 2
variables and their relationships with the endpoint in the whole
study population and separately in groups with an ERCP score
<7 or >−7 at baseline; see Table S2.

Of the variables included in the analysis, only Bi-calprotectin
(AUC 0.76 [95% 0.69 to 0.84]), and Bi-IL8 (AUC 0.76 [95% 0.69
to 0.84]) were associated with disease progression. The odds
ratio was 7.24 for Bi-calprotectin (3.89 to 13.49) and 10.24 for
Bi-IL8 (5.12 to 20.48). The accuracies were 74% (68 to 80) and
77% (71 to 83). P-ALP, gamma-glutamyltransferase or
-aminotransferase levels were not significantly associated with
progression, with AUCs varying from 0.55-0.62. For mild dis-
ease only (score 2-3), the cut-off values for Bi-calprotectin were
>−6.5 mg/L and AUC 0.80 (0.68 to 0.91), and for Bi-IL8 >−0.40 lg/
L and AUC 0.77 (0.65 to 0.88), respectively.

We then calculated the relationships of Bi-calprotectin, Bi-
IL8 and P-ALP with the probability of reaching the endpoint
(Fig. 5) and found that there was a close relationship with
baseline Bi-calprotectin up to a level of 200 mg/L and Bi-IL8 up
to a level of 75 lg/L but not with P-ALP. In fact, the relationship
with P-ALP was like a U-shaped curve, showing an inverse
relationship up to the inflection point of 140 U/L (upper limit of
normal [ULN] <105 U/L); thereafter, there was a linear rela-
tionship with the probability of reaching the endpoint. At higher
levels, both Bi-calprotectin (n = 35, 8.7%) and Bi-IL8 (n = 24,
2.4%) lost their relationship with the endpoint.
Discussion
The disease course of PSC is variable and unpredictable.24 At
present, there are scarce data on markers for predicting dis-
ease activity and the development of new strictures in clinical
practice. To our knowledge, this is the first study to evaluate a
wide variety of clinical and laboratory parameters for predicting
bile duct disease progression in the short term in a large cohort
of patients with PSC. In this study, including sequential ERCP
examinations, the most accurate markers were Bi-calprotectin
and Bi-IL8 in patients with mild or moderate disease (ERCP
score <7). In contrast, conventionally used liver function tests,
and demographic data18 have very limited or no value in pre-
dicting disease progression. In a study by Trivedi et al.,25 the
authors reported large interindividual and intraindividual varia-
tions in ALP activity, and ALP was not associated with disease
progression assessed by the development of cirrhosis or an
increase in fibrosis over a 2-year period. The authors concluded
that ALP imparted inconsistent prognostic utility longitudinally,
which limits its use as a surrogate endpoint. In a study evalu-
ating the prognostic value of ALP at the time of diagnosis of
PSC and 1 year later,12 the authors found that the hazard of
reaching an endpoint approached a plateau at an ALP >2.0x
ULN when using a composite endpoint of transplantation and
PSC-related death. However, only a few patients with an ALP
>2.0x ULN were included in their cohort. In the present study,
we found a U-shaped association between P-ALP and disease
progression and P-ALP >140 U/L was associated with reaching
the endpoint.

Earlier studies have demonstrated the prognostic role of
cholangiographic abnormalities in ERCP using either death or
liver transplantation26 or time to death or liver transplantation
and the first appearance of jaundice as endpoints.27 A Dutch
study28 demonstrated that cholangiographic scoring was
inversely associated with survival. However, none of the earlier
024. vol. 6 j 101161 4



Table 1. The clinical characteristics and laboratory results of progressors and non-progressors at baseline.

Variables

DERCP score >−2 or dilatation in 3 years

p value
Ratio between

progressors/non-progressors (95% CI)*Non-progressors, n = 234 Progressors, n = 164

Male 151 (65) 105 (64) 0.92 0.99 (0.85 t o1.15)
Age at PSC diagnosis, mean (SD), years 37 (13) 38 (15) 0.44 1.03 (0.95–1.10)
Intra- and extrahepatic PSC 90 (38) 103 (63) <0.001 1.63 (1.34–2.00)
IBD diagnosed before PSC 129 (55) 86 (52) 0.60 0.95 (0.79–1.15)
Colectomy before diagnosis of PSC 25 (11) 23 (14) 0.31 1.31 (0.77–2.23)
UDCA use during follow-up 175 (75) 136 (83) 0.053 1.11 (1.00–1.23)
ERCP score 4 (2–8) 6 (4–9) <0.001 1.50 (1.12–1.88)
Mayo score 0.87 (0.39–1.34) 0.91 (0.46–1.58) 0.13 1.05 (0.86–1.29)
FIB4 0.98 (0.68–1.57) 1.01 (0.63–1.73) 0.99 1.03 (0.89–1.19)
AOM 1.54 (1.22–1.91) 1.46 (1.20–2.01) 0.64 0.95 (0.88–1.08)
B-Hb, g/L 140 (128–149) 136 (124–145) 0.061 [n.s.] 0.97 (0.94–1.01)
B-platelets, 109/L 256 (210–313) 277 (208–336) 0.11 [n.s.] 1.08 (0.89–1.14)
P-AST, U/L 35 (27–52) 41 (28–68) 0.025 [n.s.] 1.17 (1.08–1.41)
P-ALT, U/L 43 (24–74) 48 (25–104) 0.037 [n.s.] 1.11 (1.01–1.45)
P-ALP, U/L 137 (99–212) 150 (98–312) 0.10 [n.s.] 1.09 (0.91–1.31)
P-GGT, U/L 98 (33–247) 110 (52–318) 0.048 [n.s.] 1.12 (0.82–1.72)
P-Bil, lmol/L 11.0 (8.0–16.0) 11.0 (7.0–18.0) 0.75 [n.s.] 1.00 (0.99–1.20)
P-Alb, g/L 38.2 (35.5–41.0) 37.3 (34.5–40.8) 0.045 [n.s.] 0.97 (0.95–1.02)
P-TT, % 102 (87–117) 102 (88–119) 0.86 [n.s.] 1.00 (0.96–1.07)
P-IgG, g/L 12.2 (10.5–14.4) 12.5 (10.7–15.1) 0.25 [n.s.] 1.02 (0.96–1.09)
S-IgG4, g/L 0.62 (0.28–1.14) 0.69 (0.33–1.21) 0.24 [n.s.] 1.11 (0.90–1.45)
S-IL8, pg/L 38.2 (17.7–105.6) 56.4 (23.4–193.4) 0.054 [n.s.] 1.47 (0.87–2.79)
S-CEA, lg/L 1.30 (1.00–2.20) 1.40 (1.00–2.05) 0.36 [n.s.] 1.08 (0.93–1.25)
S-CA19-9, IU/L 5.0 (3.0–9.0) 6.0 (3.0–13.5) 0.052 [n.s.] 1.20 (0.83–1.50)
S-cANCIF positivity 15 (8) 9 (6) 0.45 [n.s.] 0.73 (0.33–1.63)
S-pANCIF positivity 93 (50) 79 (52) 0.72 [n.s.] 1.04 (0.84–1.28)
Biliary calprotectin, mg/L 2.6 (0.3–16.0) 30.9 (4.0–155.2) <0.001 [<0.001] 11.92 (4.73–30.93)
Biliary IL8, lg/L 1.1 (0.1–5.7) 7.6 (1.0–32.8) <0.001 [<0.001] 7.10 (3.44–12.86)
BC-neutrophils >−1 117 (50) 125 (76) <0.001 [<0.001] 1.52 (1.30–1.77)
BC-lymphocytes >−1 135 (58) 122 (74) <0.001 [0.014] 1.28 (1.11–1.48)
BC-plasma cells+ 8 (3) 13 (8) 0.050 [n.s.] 2.30 (0.98–5.42)
BC- IEL+ 113 (48) 118 (72) <0.001 [0.018] 1.48 (1.26–1.754)

Alb, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AOM, Amsterdam-Oxford PSC model; AST, aspartate aminotransferase; B-, blood; BC, brush cytology; Bil,
bilirubin; cANCIF, anti-neutrophil cytoplasmic antigen, immunofluorescence antibodies; ERCP, endoscopic retrograde cholangiopancreatography; FIB4, fibrosis-4 index; GGT,
gamma-glutamyltransferase; IBD, inflammatory bowel disease; IEL, intraepithelial lymphocytes; IL8, interleukin-8; P-, plasma; pANCIF, anti-neutrophil perinuclear antigen, immu-
nofluorescence antibodies; S-, serum; TT%, thrombotest; UDCA, ursodeoxycholic acid.
Data are presented as n (%) or median (IQR) unless otherwise stated.
In square brackets, p values were adjusted for multiplicity using Hochberg’s step-up procedure for p value adjustment in the laboratory values.
Unadjusted differences between the groups were evaluated using the t test, Mann‒Whitney test, or chi-square test. When adjusting for disease duration between the groups, the
non-parametric Koch’s test was used.
*Ratio between the progressors and non-progressors regarding measurements (mean, median or percentage).

Research article
studies analysed the factors associated with changes in chol-
angiographic scores. The scheduled ERCP procedure with
endoscopic balloon dilatation in patients with PSC and domi-
nant strictures demonstrated that transplantation-free survival
was greater in patients receiving scheduled ERCP than in those
receiving ERCP only on demand, even in asymptomatic pa-
tients.29 The Hannover score is so far the only prognostic index
accounting for ERCP findings using the time of diagnosis to
death or transplantation as the endpoint.30

Most published studies analysing the role of different bio-
markers, or their combinationshavealso usedvery late endpoints,
such as cirrhosis, decompensation, transplantation-free survival,
cholangiocarcinoma, or liver-related deaths. In the present study,
prognostic scores such as theMayo score or AOMdid not identify
patients with progressive or nonprogressive bile duct disease.
Several new promising biomarkers have been identified for pre-
dicting PSC outcome.31 Recently, anti-glycoprotein 2 IgA and
anti-neutrophil cytoplasmicantibodies to serineproteinase3have
been shown to predict more severe disease, poorer survival, and
cholangiocarcinoma.32 In this study, anti-neutrophil cytoplasmic
antibody positivity (45 to 55%), was not associated with dis-
ease progression.
JHEP Reports, --- 2
PSC is a chronic inflammatory cholangiopathy character-
ized by an activated phenotype of the biliary epithelium with
expansion of the peribiliary gland system, leading to the
development of peribiliary inflammation, concentric periductal
fibrosis and strictures.19,33 In our previous study, we
demonstrated that the grade of inflammation in liver biopsies
correlated with increasing ERCP load.34 IL8 is a chemokine
produced by cell subsets, such as macrophages and
epithelial cells, that possess Toll-like receptors.35 IL8 induces
chemotaxis in primarily neutrophils and leads to the activation
and release of a wide variety of substances, including cal-
protectin.13 Lipopolysaccharide treatment of normal human
cholangiocytes leads to significantly increased mRNA
expression of IL8,36 suggesting a possible link to the leaky gut
hypothesis.13 Patients with elevated biliary calprotectin con-
centrations above a cut-off of 11.6 lg/ml had significantly
shorter transplantation-free survival than those with lower
concentrations.37

Analysis of Bi-IL8 levels at different stages of PSC demon-
strated that the median IL8 concentration in ductal bile was
markedly elevated compared to that in controls, suggesting
that an ongoing inflammatory stimulus drives IL8 production.
024. vol. 6 j 101161 5
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Fig. 4. Percentage of patients reaching the endpoint (increase in ERCP
score >−2 or dilatation) based on the baseline ERCP score. The curve was
derived from a 4-knot-restricted cubic splines logistic regression. The models
were adjusted for sex and disease duration. The grey area represents 95% CIs.
ERCP, endoscopic retrograde cholangiopancreatography.

Table 2. The ERCP score and laboratory results of progressors and non-prog

Variables

DERCP score

No, n = 234

ERCP score 6 (2–8)
Mayo score -0.51 (-0.92–0.12)
FIB4 1.06 (0.75–1.80)
AOM 1.54 (1.19–1.94)
B-Hb, g/L 142 (129–152)
B-platelets, 109/L 256 (210– 313)
P-AST, U/L 30 (24–43)
P-ALT, U/L 32 (21–56)
P-ALP, U/L 101 (79–145)
P-GT, U/L 48 (21–131)
P-Bil, lmol/L 12 (8–19)
P-Alb, g/L 39.0 (36.0–41.0)
P-TT, % 102 (85–117)
P-IgG, g/L 11.9 (10.3–13.8)
S-IgG4, g/L 0.54 (0.25–1.05)
S-IL8, pg/L 39.7 (21.5–102.0)
S-CEA, lg/L 1.10 (1.00–2.00)
S-CA19-9, IU/L 6.0 (2.0–12.0)
Biliary calprotectin, mg/L 1.3 (0.2–11.8)
Biliary IL8, lg/L 0.94 (0.08–5.74)
Dysplasia, n (%) 11 (5)

Data are presented as median (IQR) unless otherwise stated.
*p values between groups adjusted for baseline value.
Median score and serum levels (bars represent interquartile ratio, IQR or count as percenta
Whitney test, or chi-square test. When adjusting for disease duration between the groups
For abbreviations, see Table 1 legend.
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Markers for bile duct disease progression in PSC
Biliary S100A8 has been shown to be the single marker that
best distinguishes patients with mild from advanced PSC.13

However, samples for Bi-IL8 and Bi-calprotectin, require
ERCP,which is associatedwith known risks.4 In our recent series,
also including mild cases, the overall risk for pancreatitis was
5.7%.38 According to the recent EASL guidelines,18 therapeutic
endoscopic intervention is recommended for patients with rele-
vant strictures, defined as high-grade strictures in extrahepatic
bile ducts and signs or symptoms of cholestasis and/or bacterial
cholangitis. To date, the definition of relevant strictures has not
been validated in clinical studies. In a study evaluating follow-up
strategies in patients with PSC, the hazard ratio (95% CI) for
death was 0.64 (0.48–0.86) for ultrasound/MRI and as low as 0.53
(0.37–0.75) including scheduled ERCP.39 In an unselected cohort
of patients with PSC, yearly carbohydrate antigen 19-9 and MRI/
MRCP surveillance followed by ERCP, as recommended in the
EASLguidelines, was ineffective at detecting cancer early enough
tosupport long-termsurvival.40 InpatientswithPSCwait-listed for
transplantation, ERCP with BC was also found to be the most
effective tool for correctly ruling out cholangiocarcinoma, with a
specificity of 96%.41

In our unit, all patients with suspected PSC undergo ERCP
to confirm the diagnosis due to the low sensitivity of MRCP for
detecting early intrahepatic changes and even advanced
extrahepatic lesions.5 In addition, we use ERCP with BC and
bile samples for evaluation of need for endoscopic therapy,
individual risk stratification for progression and for exclusion of
biliary neoplasia.

Patients with PSC, with elevated Bi-calprotectin and/or Bi-
IL8 levels are at increased risk for disease progression. The
measurement of these markers can be used to design more
individualized surveillance and to schedule future controls. On
the other hand, patients with low levels of calprotectin and IL8
ressors at the end of follow-up.

>−2 or dilatation in 3 years

p value*Yes, n = 164

10 (8–12) <0.001
-0.31 (-0.81–0.40) 0.24
1.04 (0.69–1.79) 0.69
1.58 (1.20–2.06) 0.33
137 (125–151) 0.25
277 (208– 336) 0.66

35 (26–57) 0.081
43 (22–73) 0.13

125 (83–210) 0.025
77 (32–215) 0.003

11 (8–19) 0.32
37.5 (34.8–40.2) 0.069

101 (85–122) 0.92
12.0 (10.3–14.5) 0.81
0.68 (0.34–1.24) 0.24

53.1 (23.4–193.4) 0.19
1.30 (1.00–2.00) 0.087

6.0 (3.0–13.5) 0.63
18.7 (1.3–107.5) <0.001

6.42 (0.73–21.98) <0.001
33 (20) <0.001

ge). Unadjusted differences between the groups were evaluated using the t test, Mann‒
, the non-parametric Koch’s test was used.
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Fig. 5. Relationships of biliary calprotectin, biliary IL8 and P-ALP with bile duct disease progression. The curves were derived from a 4-knot-restricted cubic
splines logistic regression. The models were adjusted for sex and disease duration. The white circle shows the optimal cut-off points for biliary calprotectin and biliary
IL8 at baseline. IL8, interleukin-8; P-ALP, plasma alkaline phosphatase.

Research article
are unlikely to progress, and the time interval to the next control
or scheduled ERCP can be prolonged. In drug trials, patients
with high levels of biliary duct inflammation are the ones who
are most likely to progress, and Bi-calprotectin and Bi-IL8 can
be used to select participants for trials. Moreover, these
markers may be suitable for monitoring drug response.

A strength of the present study is that it included a large
prospective population of patients from local hospitals around
the country who underwent sequential ERCP examinations to
evaluate bile duct disease progression and thus data were
available on a great number of serum and biliary markers. The
limitation is that we had to exclude patients who underwent
only one ERCP for a 3-year follow-up period (n = 349) due to
very mild disease. In addition, we excluded patients with PSC-
AIH-overlap syndrome (n = 81) due to limited data on the
JHEP Reports, --- 2
impact of AIH features on bile duct disease progression.42

Earlier studies have shown that patients with PSC-AIH,
compared to those with classic PSC, have similar transplant-
free survival.43 However, despite biochemical response and
histological improvement, the progression of biliary lesions was
seen in a small number of patients with PSC-AIH.42

In conclusion, the measurement of Bi-calprotectin and Bi-
IL8 levels during ERCP helps to identify individuals at
increased risk for PSC progression and for whom the next
imaging procedure or ERCP should be performed within 3
years. In addition, our results suggest that conventionally used
liver function tests, especially P-ALP, for monitoring PSC pro-
gression lack both sensitivity and specificity and are probably
not suitable endpoints in clinical drug trials, at least as short-
term endpoints.
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