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Abstract

Background: The benefits of regular surveillance imaging for cholangiocarci-

noma in patients with primary sclerosing cholangitis (PSC) are unclear. Hence,

we aimed to evaluate the impact of regular magnetic resonance cholangiopan-

creatography (MRCP) on outcomes of patients with PSC in Australia, where the

practice of MRCP surveillance is variable.

Methods: The relationship between MRCP surveillance and survival outcomes

was assessed in a multicenter, retrospective cohort of patients with PSC from 9

tertiary liver centers in Australia. An inverse probability of treatment weighting

approach was used to balance groups across potentially confounding covariates.

Results: A total of 298 patients with PSC with 2117 person-years of follow-up

were included. Two hundred and twenty patients (73.8%) had undergone

MRCP surveillance. Regular surveillance was associated with a 71% reduced

Abbreviations: CCA, cholangiocarcinoma; CRC, colorectal carcinoma; DS, dominant stricture; ERCP, endoscopic retrograde cholangiopancreatography; IBD,
inflammatory bowel disease; IPTW, inverse probability of treatment weighting; LT, liver transplant; MELD, Model of End-Stage Liver Disease; MRCP, magnetic
resonance imaging with cholangiopancreatography; PSC, primary sclerosing cholangitis.
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risk of death on multivariate weighted Cox analysis (HR: 0.29, 95% CI:

0.14–0.59, p < 0.001) and increased likelihood of having earlier endoscopic

retrograde cholangiopancreatography from the date of PSC diagnosis in

patients with a dominant stricture (p < 0.001). However, survival post-

hepatobiliary cancer diagnosis was not significantly different between both

groups (p = 0.74). Patients who had surveillance of less than 1 scan a year (n

= 41) had comparable survival (HR: 0.46, 95% CI 0.16–1.35, p = 0.16)

compared to patients who had surveillance at least yearly (n = 172).

Conclusions: In this multicenter cohort study that employed inverse proba-

bility of treatment weighting to minimize selection bias, regular MRCP was

associated with improved overall survival in patients with PSC; however, there

was no difference in survival after hepatobiliary cancer diagnosis. Further

prospective studies are needed to confirm the benefits of regular MRCP and

optimal imaging interval in patients with PSC.

INTRODUCTION

Primary sclerosing cholangitis (PSC) is an orphan,
chronic inflammatory disease with a predilection for
middle-aged men. It classically manifests as progres-
sive multifocal bile duct stricturing, with a risk for the
development of end-stage biliary cirrhosis.[1,2] There is a
strong association with inflammatory bowel disease
(IBD) and malignancies of the colon and hepatobiliary
system.[3,4] Among these cancers, cholangiocarcinoma
(CCA) is the most common and carries a poor
prognosis with a 5-year survival of less than 20%.[5]

Only a small proportion of patients with early-stage
diagnosis may be considered for curative treatment with
resection or liver transplant (LT).[3]

Due to the increased risk of colorectal cancer in
patients with PSC and concomitant IBD, annual colo-
noscopies are well recognized as a surveillance strategy
in multiple international guidelines.[6–8] However, evi-
dence-based strategies for the surveillance of CCA are
lacking and it is unclear if imaging surveillance does
improve cancer-related survival based on the current
literature available. A recent Swedish prospective cohort
study of an unselected group of 512 patients with PSC
showed that annual imaging and tumor marker surveil-
lance was not associated with improved cancer-related
survival, although the authors stated that it was not
possible to determine the true impact of this.[9] In
contrast, international retrospective cohort studies have
demonstrated that regularly scheduled imaging improved
OS and cancer-related outcomes.[10,11] A population
registry-based study on 2588 patients with PSC and
IBD also found that annual imaging was associated with
a twofold reduction in the risk of hepatobiliary cancer-
related death; however, this benefit was not sustained

after the exclusion of CCA cases diagnosed within the
first year of PSC diagnosis.[12]

International guidelines have recently been updated
to recommend annual surveillance imaging for
CCA[13–15] while acknowledging the paucity of data to
support this recommendation. Magnetic resonance
cholangiopancreatography (MRCP) is preferred to
ultrasound in view of its superior accuracy,[14,16]

although European guidelines recommend annual
imaging with either modality. In view of the limited
literature and variation in guideline recommendations,
surveillance strategies currently vary significantly
across different centers.[10] Hence, we aimed to
evaluate the impact of regular MRCP on the clinical
outcomes of patients with PSC in Australia, where the
practice of surveillance is variable.

METHODS

We evaluated MRCP surveillance, clinical, and out-
come data using a multicenter, retrospective cohort of
patients with PSC diagnosed between January 1, 2000
and March 30, 2021 from 9 tertiary liver centers in
Australia as described.[17] This study was approved by
the Alfred Hospital Human Research Ethics Committee
in Melbourne (Project 353/19), Australia. “Surveillance”
is defined as the monitoring of the occurrence of a
disease in a population that is at risk.[11]

Individual centers manually reviewed the medical
records to assess the indication of eachMRCP performed.
Patients were categorized into the MRCP surveillance
group if they ever had periodic MRCP imaging over the
follow-up period for the purposes of cancer surveillance,
even if they subsequently had imaging at a certain time
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point to investigate clinical change. Patients were catego-
rized into the no surveillance group if they never had
MRCP imaging for the purposes of cancer surveillance
and only had imaging in response to clinical deterioration
or concern. All surveillance MRCPs did not include i.v.
contrast as a part of the study. Information on the
frequency of MRCP surveillance was divided categorically
into groups who had MRCP surveillance at least yearly
and those who had MRCP surveillance at intervals longer
than a year apart.

A dominant stricture (DS) was defined as a stenosis of
the common bile duct or common hepatic duct with a
diameter of ≤1.5 mm and/or ≤1.0 mm in a hepatic duct
(within 2 cm of the bifurcation).[18] This definition was
used as data collection had preceded the new working
definition published in 2021.[19] Clinical data on endo-
scopic retrograde cholangiopancreatography (ERCP)
was only available for patients with a diagnosis of DS.
Clinical data regarding diagnosis, staging, and treatment
were collected in patients diagnosed with hepatobiliary
cancers (CCA and/or gallbladder adenocarcinoma).
Cancer staging was based on the American Joint
Committee on Cancer staging system.

Patients from the original cohort[17] were excluded if
there was insufficient data collected. The Model of End-
Stage Liver Disease (MELD) score at the last follow-up
was calculated with the following calculation: 0.957 × ln
(creatinine) + 0.378 × ln(bilirubin) + 1.120 × ln(INR) +
0.643. Incomplete data from the individual variables
were imputed through multivariate imputation by
chained equations with the mice package version
3.15.0 on R version 4.2.2.[20] The primary end point
was overall survival from the date of PSC diagnosis,
and secondary end points included transplant-free
survival and cancer-related survival. We also evaluated
the impact of the frequency of surveillance imaging on
the above end points. A sub-analysis was performed
after excluding all patients with small duct PSC, and
these results are presented in the supplementary
document provided.

Statistical analysis

Nonparametric continuous variables were presented as
medians and IQR and analyzed with the Mann-Whitney U
test for skewed distributions. Categorical data were
presented as percentages and compared using chi-
square or Fisher exact test. An inverse probability of
treatment weighting (IPTW) approach was used to
balance potentially confounding covariates between both
groups. This was done to achieve a standardized mean
difference of less than 0.10 for all confounding covariates.

An IPTW-weighted Cox proportional hazards model
was conducted to assess the risk of death. A competing
risk analysis (Fine-Gray model) was conducted
whereby the failure event was represented by the death

of any cause, whereas LT was considered the
competing event. The Kaplan-Meier method with log-
rank test was used to estimate and detect differences in
survival time from diagnosis of PSC and CCA in the
weighted cohorts. Estimated survival probabilities were
presented as median and IQR, or mean and SD if a
50% survival probability was not reached. A two-tailed
p-value of <0.05 was considered statistically significant,
and 95% CIs are reported where appropriate. Data were
analyzed using R (version 4.2.2).

RESULTS

Unweighted study population

Two hundred and ninety-eight patients with PSC were
included from the original cohort after the exclusion of
patients with missing data. Twenty-nine patients (9.7%)
had a small duct phenotype at diagnosis. Patients were
followed up for a median of 6 (IQR: 3–11) years, resulting
in a total of 2117 person-years of follow-up. During the
follow-up period, 46 (15.4%) had a LT and 35 (11.7%)
died. Seventy-seven patients (25.8%) were diagnosed
with a DS. Thirteen patients (7.6%) were diagnosed with
hepatobiliary cancers, with a median of 22 (IQR: 4–38)
weeks of follow-up from cancer diagnosis.

Two hundred and twenty patients (73.8%) of the
cohort had undergone regular MRCP surveillance.
Patients who underwent regular surveillance were
younger at PSC diagnosis (35.5 vs. 45.5 y, p = 0.003),
more likely to be found to have a DS (30.0% vs. 14.1%,
p = 0.009), concomitant IBD (75.5% vs. 57.7%, p =
0.005), have a higher MELD score (median, 8.5 vs. 7.5,
p = 0.01), serum bilirubin (median, 15 vs. 11 μmol/L, p =
0.003) and serum alkaline phosphatase (median, 166.5
vs. 111 IU/L, p = 0.002). The frequency of endoscopic
intervention was similar in patients with DS in both
groups (19% vs. 10.2%, p = 0.30). The frequency of
symptomatic DS was also similar in both groups (76% vs.
75%, p = 0.93). Table 1 demonstrates the demographics
and clinical characteristics of patients who had regular
surveillance and those who did not.

Results: influence of regular MRCP
surveillance

Weighted study population

IPTW was performed with age of diagnosis, phenotype
at diagnosis, gender, MELD score, concomitant
IBD, presence of cirrhosis or DS, LT, and serum
alkaline phosphatase as demonstrated in Supplemental
Figure S1, http://links.lww.com/HC9/A883. The demo-
graphics and clinical characteristics of the IPTW cohort
are demonstrated in Table 2. Even though weighting
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was not performed for ERCP, the frequency of this
amongst patients with DS were not statistically
significant (16.2% vs. 18.3%, p = 0.66).

Overall survival

During follow-up, 20 (9.1%) patients in the surveillance
group and 15 (19.2%) in the nonsurveillance group died.
Four (20%) patients in the surveillance group and 5
(33%) patients in the nonsurveillance group died from
end-stage liver disease. Seven (35%) patients in the
surveillance group and 2 (13%) patients in the non-
surveillance group died from hepatobiliary cancer. Only 1
(5%) patient in the surveillance group died from HCC.
There were no deaths from colorectal cancers in both
groups. There was no statistically significant difference in
the cause of death between both groups, as described in
Supplemental Table 1, http://links.lww.com/HC9/A883
(p = 0.08). Patients in the surveillance group with a DS
were more likely to have had an ERCP at an earlier time
point from diagnosis of PSC compared to patients in the
nonsurveillance group on Kaplan-Meier analysis of the
weighted cohorts (p < 0.001, Figure 1A). There was no
significant difference between indications of ERCP in
both groups, as described in Supplemental Table 2,
http://links.lww.com/HC9/A883 (p = 0.20), although the
proportion of patients in the surveillance group who had
an ERCP for investigation of malignancy (26.5% vs.

14.3%) or interrogation of an asymptomatic DS was
numerically higher (17.6% vs. 0%).

Improved overall survival from the time of PSC
diagnosis was demonstrated for the surveillance group
on Kaplan-Meier analysis of the weighted cohorts (p =
0.03, Figure 1B). The mean survival of patients in the
surveillance group was 18.3 (SD ± 0.47) compared
with 15.1 (SD ± 0.61) years in the group without regular
surveillance. On Cox proportional hazards model
univariate analysis in the weighted cohorts, regular
MRCP surveillance was significantly associated with a
60% (HR: 0.40, 95% CI: 0.19–0.81, p = 0.01) reduction
in risk of death. MRCP surveillance remained significant
on multivariate analysis (HR: 0.29, 95% CI: 0.14–0.59,
p < 0.001), as shown in Supplemental Table 3, http://
links.lww.com/HC9/A883.

In a competing risk survival analysis, with LT as a
competing risk for death, the cumulative incidence of death
remained significantly lower in the surveillance group (HR:
0.33, 95%CI: 0.17–0.64, p = 0.002, Supplemental Table 4,
http://links.lww.com/HC9/A883 and Figure 2).

Transplant-free survival

A total of 33 (15%) patients in the surveillance group
and 13 (16.7%) in the nonsurveillance group received
LT during the study period. Transplant-free survival
was significantly improved in patients who had regular

TABLE 1 Demographics and clinical characteristics of unweighted cohorts of patients with PSC stratified by MRCP surveillance status

MRCP surveillance
(N = 220)

No MRCP surveillance
(N = 78) p

Standardized mean
difference

Age at PSC diagnosis, y (median, IQR) 35.5 (22–51.3) 45.5 (30–54.8) 0.003 0.395

Male, N (%) 147 (66.8) 43 (55.1) 0.088 0.241

Large duct, N (%) 201 (91.3) 68 (87.2) 0.403 0.134

Inflammatory bowel disease, N (%) 166 (75.5) 45 (57.7) 0.005 0.383

Dominant stricture, N (%) 66 (30) 11 (14.1) 0.009 0.391

ERCP, N (%) 42 (19) 8 (10.2) 0.634 0.305

Cirrhosis, N (%) 84 (38.2) 31 (39.7) 0.914 0.032

Death, N (%) 20 (9.1) 15 (19.2) 0.029 0.294

LT, N (%) 33 (15) 13 (16.7) 0.867 0.046

HBCa, N (%) 11 (5) 2 (2.6) 0.560 0.128

CCA 9 (81.8) 2 (100) — —

GB 2 (9.2) 0 — —

Serum ALPa, IU/L (median, IQR) 166.5 (100–293) 111 (79–215) 0.002 0.285

Serum bilirubina, μmol/L (median, IQR) 15 (9–25.5) 11 (7–19) 0.003 0.285

MELD scorea (median, IQR) 8.47 (7.34–10.2) 7.50 (6.43–9.76) 0.014 0.178

Bold values are statistically significance.
aValues taken at last follow-up.
Abbreviations: ALP, alkaline phosphatase; CCA, cholangiocarcinoma; ERCP, endoscopic retrograde cholangiopancreatography; GB, gallbladder adenocarcinoma;
HBCa, hepatobiliary cancer; LT, liver transplant; MELD, Model of End-Stage Liver Disease; MRCP, magnetic resonance cholangiopancreatography; PSC, primary
sclerosing cholangitis.
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MRCP surveillance (p = 0.01, Figure 1C). Regular
MRCP surveillance remained a significant factor
in multivariate Cox regression with a 49% reduction
in risk of LT or death (HR: 0.51, 95% CI: 0.3–0.86,
p = 0.012).

Hepatobiliary cancer-related survival and
outcomes

The event rate of development of hepatobiliary cancer was
6.1 (95% CI: 3.2–10.5) per 1000 person-years at risk in the

TABLE 2 Demographics and clinical characteristics of inverse probability treatment weighted cohorts of patients with PSC stratified by MRCP
surveillance status

MRCP surveillance No MRCP surveillance p Standardized mean difference

Age of PSC diagnosis, y (median, IQR) 40 (23–53) 36 (28–52) 0.798 0.022

Male, % 63.5 61.2 0.740 0.050

Dominant stricture, % 25.9 27.9 0.790 0.046

Type, % 91.3 89.2 0.576 0.072

IBD, % 70.3 68.8 0.816 0.033

Cirrhosis, N (%) 38.8 38.1 0.922 0.014

LT, N (%) 15.5 17.6 0.720 0.054

Serum ALP (median, IQR) 154.8 (93.9–268) 122 (87.8–261) 0.290 0.027

MELD score (median, IQR) 8.41 (7.22–10) 7.5 (6.43–10.5) 0.254 0.037

ERCPa (%) 16.2 18.3 0.663 0.176

Bold values are statistically significance.
aNot weighted.
Abbreviations: ALP, alkaline phosphatase; ERCP, endoscopic retrograde cholangiopancreatography; LT, liver transplant; MELD, Model of End-Stage Liver Disease
score; MRCP, magnetic resonance cholangiopancreatography; PSC, primary sclerosing cholangitis.

1.00
(A) (C)

(B) (D)

0.75

0.50

0.25

0.00

ER
C

P 
pr

ob
ab

ilit
y

1.00

0.75

0.50

0.25

0.00IP
TW

-a
dj

us
te

d 
tra

ns
pl

an
t-f

re
e

su
rv

iv
al

 p
ro

ba
bi

lit
y

1.00

0.75

0.50

0.25

0.00

IP
TW

-a
dj

us
te

d 
su

rv
iv

al
pr

ob
ab

ilit
y

1.00

0.75

0.50

0.25

0.00

IP
TW

-a
dj

us
te

d 
su

rv
iv

al
pr

ob
ab

ilit
y

0 2 4 6

No
Yes

8 10
Years from PSC diagnosis

Numbers at risk

12 14 16

78 59 47 33 28 18 9 7 3
218 180 145 114 82 58 44 27 18

0 2 4 6

No
Yes

8 10
Years from PSC diagnosis

Numbers at risk

12 14 16

78 63 52 37 32 20 10 7 3
220 197 162 131 95 69 53 32 23

0 2 4 6

No
Yes

8 10
Years from PSC diagnosis

Numbers at risk

12 14 16

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

78 62 47 30 23 13 6 4 2
220 196 156 127 84 62 45 24 16

No
Yes

Years from cancer diagnosis

Numbers at risk

2 1 0 0 0 0 0 0
11 4 2 2 2 2 2 1

p < 0.001 (Log-rank)

p = 0.007 (Log-rank)

p = 0.736 (Log-rank)p = 0.028 (Log-rank)

No
Yes

MRCP Surveillance

MRCP Surveillance

MRCP Surveillance

MRCP Surveillance
No
Yes

No
Yes

No
Yes

F IGURE 1 (A) Weighted Kaplan-Meier curve for time to ERCP from PSC diagnosis*, (B) Weighted Kaplan-Meier curve for overall survival, (C)
Weighted Kaplan-Meier curve for transplant-free survival, (D) Weighted Kaplan-Meier curve for survival post-cancer diagnosis. *Two ERCP dates
are missing from the surveillance group. Abbreviations: ERCP indicate endoscopic retrograde cholangiopancreatography, IPTW; inverse prob-
ability treatment weighting, MRCP; magnetic resonance imaging with cholangiopancreatography, PSC; primary sclerosing cholangitis.
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cohort. In patients who were diagnosed with hepatobiliary
cancer, 11 (5%) were in the surveillance group and 2 (2.6%)
were in the nonsurveillance group (p = 0.56). Only 2
(15.3%) patientswere asymptomatic at the timeof diagnosis,
and 8 (61.5%) patients had stage IV disease at the time of
diagnosis. Only 1 patient in the surveillance group diagnosed
with gallbladder adenocarcinoma was able to receive
treatment with curative intent, while all other patients
received palliative chemotherapy or best supportive care.
There was no significant difference in survival post-cancer
diagnosis with a median of 5.5 (IQR: 0.95–43.7) months in
the surveillance group compared to 10.9 (IQR: 0.2–10.9)
months in the nonsurveillance group (p = 0.74) as

demonstrated in Figure 1D on weighted Kaplan-Meier
analysis. Table 3. illustrates the clinical characteristics,
cancer treatment, and clinical outcomes of patients
diagnosed with hepatobiliary cancer during the study period.

Outcomes: influence of MRCP surveillance
interval

Unweighted study population

The MRCP surveillance cohort was stratified according
to interval time between MRCP surveillance into either

No surveillance Death
Surveillance Death
No surveillance Liver transplant
Surveillance Liver transplant

0

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

5 10
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Pr
ob

ab
ilit

y

15 20

F IGURE 2 Cumulative incidence function curve using Fine-Gray competing risk analysis.

TABLE 3 Clinical characteristics of patients diagnosed with hepatobiliary cancer

MRCP
surveillance Cancer Symptoms Stage Treatment Death

Time from diagnosis to
death (wk)

1 Yes IHC Yes IV BSC Yes 4

2 Yes EHC Yes NAa BSC Yes 1.5

3 Yes IHC No IV Palliative chemotherapy No —

4 Yes GBC No II Curative surgery and adjuvant
chemotherapy

No —

5 Yes EHC Yes IV Palliative chemotherapy Yes 28

6 Yes IHC Yes IV NAb Yes 4

7 Yes IHC Yes IV Palliative chemotherapy Yes 38

8 Yes GBC Yes IV Palliative chemotherapy and
radiotherapy

Yes 190

9 Yes IHC Yes IV Palliative chemotherapy Yes 22

10 Yes EHC Yes IIIA BSC Yes 12

11 Yes EHC Yes IIIB BSC Yes 23

12 No IHC NA IV Palliative chemotherapy Yes 1

13 No IHC Yes II BSC Yes 47

aPatient not staged as developed acute liver failure secondary to portal vein thrombosis and was palliated.
bUnknown as patient was treated in another hospital.
Abbreviations: BSC, best supportive care; IHC, intrahepatic cholangiocarcinoma; EHC, extrahepatic cholangiocarcinoma; GBC, gallbladder adenocarcinoma; MRCP,
magnetic resonance cholangiopancreatography; NA, unknown.
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annual MRCP (n = 172) or those having less than 1
MRCP a year (n = 41). There were no clinically
significant differences detected between both cohorts
as demonstrated in Supplemental Table 5, http://links.
lww.com/HC9/A883.

Overall survival according to MRCP
interval

Weighted study population

IPTW was performed with the age of diagnosis,
phenotype at diagnosis, gender, MELD score at the
time of last follow-up, concomitant IBD, presence of
DS, LT, and serum alkaline phosphatase as demon-
strated in Supplemental Figure S2, http://links.lww.
com/HC9/A883. The demographics and clinical char-
acteristics of the IPTW cohort are demonstrated in
Supplemental Table 6, http://links.lww.com/HC9/A883,
with no significant difference between the groups
identified.

On weighted Cox proportional hazards model uni-
variate analysis, annual MRCP surveillance was not
associated with improved survival compared to patients
who had surveillance imaging less frequently (HR: 0.46,
95% CI: 0.16–1.35, p = 0.16). There was no significant
difference in survival time from PSC diagnosis between
the 2 groups on weighted Kaplan-Meier analysis
(p=0.45) as shown in Figure 3. The mean survival of
patients in the annual MRCP surveillance group was
18.3 (SD ± 0.54) years compared with 15.7 (SD ±
0.62) years in the group with less frequent surveillance.

DISCUSSION

In this multicenter, retrospective study that employed
IPTW to minimize selection bias, we found that a
survival benefit was derived from regular MRCP
surveillance in a well-described Australian cohort of
patients with PSC. However, this does not seem to be
related to improved outcomes from early cancer
diagnosis and management. In addition, we demon-
strated that imaging performed at intervals even greater
than yearly does not compromise this survival benefit.

Our study draws similarities to previous retrospective
studies where natural “surveillance groups” are formed
due to a variety of factors such as patient and physician
choice, clinical characteristics of disease, and surveillance
practice at the centers involved.[10,11] A previous single
tertiary center retrospective cohort study demonstrated
significant improvement in survival and cancer-related
outcomes postdiagnosis with imaging surveillance,
although patient health literacy and insurance status
may have played a part as patients were given a choice to
participate.[11] Another reason for being able to detect
improved cancer-related outcomes may have been due to
the large proportion of patients in the cohort diagnosed
with hepatobiliary cancer (9.5%), with the majority (40%)
of patients being asymptomatic at diagnosis.[11] In this
setting, patients were more likely to be diagnosed at an
earlier stage and amenable to curative. However, 93% of
patients diagnosed with hepatobiliary cancer in our study
were symptomatic, which suggests that in our cohort,
imaging surveillance itself was not sufficient to detect early
asymptomatic cancers. An important aspect to highlight
was that all surveillance MRCPs in our study did not
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F IGURE 3 Kaplan-Meier curve for survival stratified by surveillance intervals. Abbreviations: IPTW; inverse probability treatment weighting,
MRCP; magnetic resonance imaging with cholangiopancreatography, PSC; primary sclerosing cholangitis.
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include i.v. contrast, which is likely not as accurate at
detecting early cancers.

Even with our smaller cohort, our findings mirror
those of a recent large, international multicentre study
by Bergquist et al with 2675 patients demonstrating
improved survival in patients who underwent regular
imaging and/or ERCP.[10] Only a small proportion of
their cohort developed CCA (4.2%), which is in parallel
with ours (3.7%). Bergquist et al reported 69% of
patients who developed CCA had symptomatic disease
at the time of diagnosis, which would have led to
imaging and further interrogation with ERCP in most
cases. This coincided with our cohort, where 84.7%
were symptomatic and 61.5% had stage IV disease at
the time of diagnosis. Both our findings demonstrate
retention in survival benefit postadjustment for CCA,
highlighting again that this survival benefit may not be
entirely attributable to early diagnosis.[10]

Although the proportion of patients who received
ERCP was not significantly different between both
groups, we demonstrated that patients who had regular
surveillance were likely to undergo ERCP at an earlier
time point from PSC diagnosis. There was also an
increased proportion of ERCP performed in the surveil-
lance group for the investigation of potential malignancy
and interrogation of an asymptomatic DS. This data
may allow us to speculate that some patients receiving
ERCP in the surveillance group may be triggered by
progressive, high-grade strictures on serial imaging with
associated higher markers of cholestasis rather than a
“reactive” clinical approach to worsening symptoms or
liver function tests. This potentially led to earlier endo-
scopic treatment with preservation of liver parenchyma,
which has the potential for improving survival as
supported by older studies.[21–23]

We found that there was no significant difference in
cause of death between both groups in our study, with
the majority dying from end-stage liver disease or
hepatobiliary cancer. However, the overall number of
deaths was small. This suggests that early endoscopic
treatment and regular MRCP imaging, which could also
be a surrogate marker for increased health care
engagement and improved adherence, may prolong
survival but ultimately not change the natural history
of PSC.

We acknowledge that the reason for survival benefit
derived in the surveillance cohort is not entirely clear
despite our assumptions. However, the survival benefit
demonstrated is robust and is supported by recent
literature in this area. We may have also failed to
produce a cancer-related survival benefit due to type II
error that has been shown in larger population
cohorts.[12] Nevertheless, our results are also similar
to the only prospective cohort study that was recently
published by Villard et al, again demonstrating that
regular annual MRCP and serum carbohydrate antigen
19-9 for CCA surveillance over a 5-year period did not

have improved cancer-related outcomes.[9] Although
this was a relatively large cohort (N = 512), only 2%
developed CCA during the follow-up period. Further-
more, Villard et al showed that severe and/or progres-
sive bile duct changes on MRCP and increased levels
of serum CA 19-9 were significantly associated with a
higher risk of development of high-grade dysplasia or
CCA. This provides important information that this
subgroup of patients may warrant more frequent
imaging and that monitoring for progressive changes
plays a part in potentially delaying the clinical progres-
sion of the disease.

It is also important to know that patients diagnosed
with small duct PSC are at risk of progression to large
duct PSC over time, which has been demonstrated in
other studies.[24] There is not enough data currently to
determine optimal imaging intervals for patients with
small duct PSC to evaluate for progression, but current
European guidelines recommend imaging every 3 years
in patients with stable liver function tests.[13]

This is the first large-scale study from the Southern
Hemisphere investigating MRCP surveillance practices
and the influence of this on the outcomes of patients
with PSC. To minimize selection bias in this observa-
tional study, we employed IPTW and a competing risk
analysis to demonstrate that regular MRCP surveillance
itself does influence the clinical course of PSC in a
positive way. We acknowledge the limitations of our
study being a retrospective analysis, with real-world
challenges of missing data points, which we have
attempted to rectify with multivariate imputation models.
Due to a small patient cohort and low incidence of
hepatobiliary cancers over the relatively short follow-up
period, our study had inadequate power to detect an
improvement in cancer-related survival. As surveillance
practices are variable in Australia, serum carbohydrate
Ag 19-9 levels were not routinely collected and hence
could not be included in the analysis. We also cannot
completely account for misclassification bias, where
patients may have mistakenly been classified into the
surveillance group when they were having imaging in
response to clinical change. However, this was less
likely as the surveillance practices were considered
over their whole follow-up period, and individual case
records were scrutinized.

As with all studies looking at the impact of
surveillance on cancer survival, lag-time bias, lead-time
bias and immortal-time bias are impossible to eliminate.
However, our study did not identify cancer-related
survival benefits, which reduces the effect of those
potential confounders on our results. We also were
unable to do a cost-effectiveness analysis, as we
acknowledge frequent MRCP imaging is expensive
and results in lost work productivity for patients.
However, annual imaging may not necessarily be
warranted as our study suggests less frequent imaging
may still provide a survival benefit, which may allow for
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a more cost-effective strategy with longer intervals
between surveillance imaging. Future prospective stud-
ies are needed to interrogate this issue as we
acknowledge that the number of patients who received
surveillance imaging at longer intervals than annually
were relatively small with a low event rate.

CONCLUSIONS

Our study showed that regular MRCP surveillance in an
Australian cohort of patients with PSC improved overall
survival. This survival benefit was not from improving
cancer-related outcomes but rather could have been
due to improved health care engagement and detection
of clinically relevant strictures that were amenable to
earlier endoscopic intervention(s) to reduce cholestasis.
Importantly, we also showed that annual imaging may
not be critically important to provide a survival benefit
and that surveillance intervals could be extended
depending on the patient’s clinical circumstances.
There is increasing evidence to show that surveillance
MRCP does not translate to improved cancer-related
survival. As such, there should be a shift in mindset
towards patients with PSC having regular MRCP
monitoring for disease progression rather than cancer
surveillance, alongside the recommendations for hep-
atobiliary ultrasound for gallbladder adenocarcinoma
and liver cancer surveillance.
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