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Background & Aims: Although worsening liver-related symptoms during pregnancy can occur in primary sclerosing chol-
angitis (PSC), there are insufficient data to effectively counsel patients on their pre-conception risk and no clear recom-
mendations on monitoring and management during pregnancy. We aimed to describe maternal liver-related symptoms in
pregnancy, both before and after PSC diagnosis, and explore factors associated with worsening symptoms and liver-related
outcomes.

Methods: We conducted a multicentre retrospective observational study of females with PSC and known pregnancy with live
birth, via the International PSC Study Group. We included 450 patients from 12 European centres. Data included clinical
variables, liver-related symptoms (pruritus and/or cholangitis) during pregnancy, and liver biochemistry. A composite pri-
mary endpoint of transplant-free survival from time of PSC diagnosis was used.

Results: There were 266 pregnancies in 178 patients following PSC diagnosis. Worsening liver-related symptoms were re-
ported in 66/228 (28.9%) pregnancies; they had a reduced transplant-free survival (p = 0.03), which retained significance on
multivariate analysis (hazard ratio 3.02, 95% CI 1.24-7.35; p = 0.02).

Abnormal biochemistry and/or liver-related symptoms (pruritus and/or cholangitis) were noted during pregnancy before PSC
diagnosis in 21/167 (12.6%) patients. They had a reduced transplant-free survival from pregnancy (p = 0.01), which did not
retain significance in a multivariable model (hazard ratio 1.10, 95% CI 0.43-2.85; p = 0.84).

Conclusions: Liver-related symptoms are frequently encountered during pregnancies before the diagnosis of PSC, and
pregnancy may expose the pre-clinical phase of PSC in some patients. Worsening liver-related symptoms were seen in a third
of our cohort with known PSC during pregnancy; and this subgroup had a poorer prognosis, which may be related to more
advanced liver disease at time of pregnancy and/or a more severe disease phenotype.

Impact and implications: Patients with PSC can develop worsening of their liver-related symptoms during pregnancy;
however, risk factors for this and the long-term implications are not known. We identified that there is a significant risk of

these symptoms in pregnancy, both before and after PSC has
Keywords: Primary sclerosing cholangitis; Intrahepatic cholestasis of pregnancy; ~been diagnosed, particularly in patients with elevated alka-
Cholangiopathy; Pruritus; Ursodeoxycholic acid; Bile acids. line phosphatase. Furthermore, our findings suggest that
Sgg(zl;lzc‘l}ail?;iuos;lizrf;;or:cewed in revised form 4 October 2023; accepted 17 October Worsening symptoms during pregnancy may be associated
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London, UK. Tel: +44-203-299-3369. plantation and death in patients with known PSC. This may
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be related to the presence of more advanced liver disease at time of pregnancy. This information can be used to counsel
patients with PSC before conception and identify patients who need close follow-up after delivery.

© 2023 The Author(s). 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 license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Primary sclerosing cholangitis (PSC) is an immune-mediated
chronic liver disease which is characterised by inflammation
and fibrosis of the biliary tree, with development of multifocal
biliary strictures and progressive hepatic fibrosis.! The natural
history of PSC is highly variable and there are no currently
licensed medications with a proven prognostic benefit in PSC.
Furthermore, there is a significant life-time risk of progression
to end-stage liver disease and development of hepatobiliary
malignancies.

PSC is commonly diagnosed at 25-40 years of age, and
although there is male preponderance, a significant proportion of
patients with PSC are females of child-bearing age during a period
of peak fertility.> Maternal PSC is associated with an increased
risk of pre-term birth and caesarean section; no demonstrable
risk of stillbirth, neonatal death, or congenital abnormalities
compared with the general population has been reported but this
may reflect the paucity of data in the field.>* Evaluating the effect
of pregnancy on maternal liver disease is particularly pertinent in
PSC, as pregnancy can have a variable effect on the course of
immune-mediated diseases,” including inflammatory bowel dis-
ease (IBD)® which is common in PSC, and hormonal changes in
pregnancy can contribute to the development of intrahepatic
cholestasis of pregnancy (ICP).”® Two studies reported maternal
liver-related symptoms during pregnancy, with a combined 27
patients and 38 pregnancies, and identified: (i) a significant
proportion of patients with new onset and/or worsening of
symptoms (pruritus, abdominal pain) during pregnancy; and (ii)
elevations in liver enzymes during pregnancy and post-par-
tum.”'° This paucity of data on PSC-specific considerations during
pregnancy hinders effective counselling before planned preg-
nancies, and the management and monitoring of patients during
pregnancy and post-partum.'’"?

We sought to address this through multicentre collaboration
and description of maternal liver-related symptoms during
pregnancy in patients with PSC. We hypothesised that patients
with PSC are at increased risk of liver abnormalities during
pregnancy, which can pre-date their diagnosis of PSC in the pre-
clinical phase of PSC. Furthermore, we aimed to evaluate the
effect of worsening symptoms during pregnancy on long-term
maternal outcomes in patients with PSC.

Patients and methods

Study design

We conducted a multicentre retrospective observational study of
female patients with PSC and known pregnancy. Members of the
International PSC Study Group (IPSCSG) were invited to partici-
pate, and we received data from 12 centres in nine European
countries (Belgium, Finland, France, Germany, Greece, Italy,
Poland, Sweden, UK), which includes transplant and non-
transplant tertiary liver centres. Female patients with a known
live birth pregnancy at any time point in relation to their PSC
diagnosis were included. Patients were excluded (Fig. S1) if they
did not have a live birth pregnancy (n = 532) or if it was not
known if they had a live birth pregnancy (n = 221).

The diagnosis of PSC and subtypes of PSC was confirmed in each
centre in accordance with international guidelines.'? All datasets
were checked for plausibility and validity, including for duplicate
entries based on identical patient identifiers, and outlying data
was clarified with the individual centre. Ethical approval was
obtained from King's College Hospital (19/WM/0145, IRAS
238575) in addition to local approval at participating centres. The
study was supported by the European Association for the Study of
the Liver Registry Grant (Liver Disease in Pregnancy).

Data collection

Baseline clinical variables were collected from the pre-existing
IPSCSG database.”® Each centre retrospectively examined the
medical records of patients to update the IPSCSG database with
clinical outcome data (liver transplantation [LT]|, death, hep-
atobiliary cancer diagnosis), details on pregnancy and liver
biochemistry. Clinical outcome data was collected from preg-
nancy and diagnosis of PSC until death or last clinical follow-up
alive. The study opened in March 2021 and follow-up data were
collected until January 2022. Included patients were diagnosed
with PSC between 1982 and 2021.

Symptoms during pregnancy, date of delivery, gestational age,
mode of delivery, and need for urgent delivery as a result of liver
disease were collected from review of case notes. In patients
post-LT, additional information on pre-eclampsia, gestational
diabetes and acute cellular rejection were collected. Details on
ursodeoxycholic acid (UDCA) included use in pregnancies before
PSC diagnosis, and whether it was continued, stopped, or started
during pregnancies post-PSC diagnosis. Details on immunosup-
pression regimens were collected for pregnancies post-LT.

Liver biochemistry (total bilirubin, alkaline phosphatase
[ALP], alanine aminotransferase [ALT], aspartate aminotrans-
ferase [AST], gamma-glutamyl transferase [GGT]) were collected
where available at three time points: (i) peak value in the 6
months before conception; (ii) peak value during pregnancy; (iii)
peak value in the 6 months after delivery. When performed, peak
serum bile acids were also collected. The reference range of liver

biochemistry for each laboratory value was obtained. For each Q5

individual the values are represented in reference to the upper
limit of normal (ULN) and compared with their baseline pre-
conception values. A threshold value of >25% rise from baseline
pre-conception value was used, which was chosen as there is an
intra-individual variability of ALP in PSC of 12-20% which is not
associated with disease progression.'*

Definitions

Liver abnormalities

In patients with pregnancies before their PSC diagnosis, the term
‘liver abnormalities’ was used for patients with: (i) a clinical
diagnosis of ICP; (ii) abnormal liver biochemistry and/or liver-
related symptoms during pregnancy without a diagnosis of ICP.

Worsening liver-related symptoms
Symptoms during pregnancies after PSC diagnosis were recorded
as: (i) a clinical diagnosis of ICP; (ii) pruritus during pregnancy
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(worsened from baseline, stable/improved from baseline, newly
developed or no pruritus); (iii) cholangitis during pregnancy
(treated with antibiotics, treated with antibiotics and hospital
admission, no cholangitis). Patients with known PSC were defined
with ‘worsening liver-related symptoms’ if they had a clinical
diagnosis of ICP, new/worsening pruritus from pre-conception
and/or an episode of cholangitis treated with antibiotics.

ICP
Diagnostic criteria for ICP differs between major societies,'®
therefore a clinical diagnosis by the treating clinicians was used.

Statistical analysis

Continuous variables are expressed as median (IQR), categorical
variables are represented as number (percentage), or where data
are missing number/number available (percentage). Subgroup
differences were analysed using the X2 or Fisher’s exact tests for
categorical parameters, and Mann-Whitney U test or Kruskal
Wallis test for continuous variables. Unadjusted odds ratios (ORs)
for developing worsening liver-related symptoms during preg-
nancy was calculated and recorded as OR with 95% 95% Cls and p
values. Transplant-free survival (LT or death) was examined with
Kaplan-Meier curves and the log-rank test. To determine pre-
dictors of LT or death during follow up, multivariate logistic
regression analysis was performed to assess which features were
of independent significance. Variables with a value of p <0.2 and
those of particular interest were included. Results were recorded
as hazard ratios (HRs) with 95% CIs and p values.

Statistical analysis of the data was performed using SPSS
software (version 26, SPSS Inc, IBM, Armonk, NY, USA) and vis-
ualisation was performed using GraphPad Prism (version 9.5.1,
San Diego, CA, USA). Two-sided p values <0.05 were considered
statistically significant.

Results

Characteristics of study population

The patient cohort consisted of 450 females with PSC and their
characteristics are outlined in Table 1. The median age at diag-
nosis was 33.8 years (IQR, 27.2-44.3 years), the majority had
large duct PSC (n = 373, 82.9%) and concomitant IBD (n = 267,
59.3%), which was predominantly ulcerative colitis (n = 195,
43.4%). During follow up: 34 (7.6%) were diagnosed with
hepatobiliary cancers (18 hepatocellular carcinoma, 23 chol-
angiocarcinoma, 5 gallbladder cancer), 104 (23.1%) underwent LT,
and 46 (10.2%) died.

Pregnancy before PSC diagnosis

Maternal liver-related symptom data was available in 167
patients who were pregnant before their diagnosis of PSC, with a
total of 299 pregnancies (Table S1). The median age at delivery
was 28.7 years (IQR, 25.2-31.8 years), and subsequent PSC diag-
nosis 38.8 years (IQR, 32.4-48.1 years), with a median interval
between delivery and PSC diagnosis of 5.8 years (IQR, 1.7-17.1
years). Most commonly there were 1 (n = 47, 28.1%) or 2 (n = 82,
49.1%) live births per patient before PSC diagnosis.

In 21 (12.6%) patients there was evidence of liver abnormal-
ities during pregnancy before their PSC diagnosis: 10 (6.0%) ICP
and 11 (6.6%) other (biochemistry and/or symptoms). UDCA was
used in at least one pregnancy in seven (4.2%) patients. On
univariate analysis there were no patient factors associated with
development of liver abnormalities during a pregnancy before

JHEP|Reports

Table 1. Clinical characteristics of study population with known live birth
pregnancy and PSC (n = 450).

Number of patients N =450

Pregnancies
Before PSC diagnosis
After PSC diagnosis

285 (63.3%)
178 (39.6%)

After liver transplant for PSC 14 (3.1%)
Age at diagnosis
Median (IQR), years 33.8 (27.2-44.3)
<20 41 (9.1%)
21-30 120 (26.7%)
31-40 136 (30.2%)
41-50 79 (17.6%)
51-60 48 (10.7%)
>60 20 (4.4%)
Unknown 6 (1.3%)
PSC subtype
Large duct 373 (82.9%)
Small duct 29 (6.4%)
PSC/AIH overlap (]O 2%)
1gG4-SC 2 (0.4%)
IBD 267 (59.3%)
Ulcerative colitis 195 (43.3%)
Crohn’s disease 55 (12 2%)
Indeterminate colitis 17 (3.8%)
No IBD 183 (40.7%)
Colectomy 43 (16.1%)
Malignancy
Colorectal cancer 18 (4.0%)
Hepatobiliary cancer 34 (7.6%)
Cholangiocarcinoma 23 (5.1%)
Hepatocellular carcinoma 6 (1.3%)
Pancreatic cancer 0
Gallbladder cancer 5(1.1%)
Outcome
Liver transplantation 104 (23.1%)
Death 46 (10.2%)

Continuous variables are expressed as median (IQR), categorical variables are rep-
resented as number (%). AIH, autoimmune hepatitis; IBD, inflammatory bowel dis-
ease; I1gG4-SC, immunoglobulin G4 sclerosing cholangitis; PSC, primary sclerosing
cholangitis.

PSC diagnosis (Table 2); although they may have been younger at
PSC diagnosis (34.6 [IQR, 32.1-39.3] vs. 40.7 [32.3-48.8] years;
p = 0.06). There was a shorter interval between delivery and PSC
diagnosis (1.4 [0.5-5.7] vs. 7.0 [2.0-18.0] years; p = 0.002) in pa-
tients with liver abnormalities.

Mean transplant-free survival from time of pregnancy was
33.9 years (95% CI 30.1-37.7, SE 1.9). There was a reduced 20-year
transplant-free survival in those with liver abnormalities during
pregnancy (p = 0.01; Fig. S2A). This however did not retain sig-
nificance in a multivariate model (HR 1.10, 95% CI 0.43-2.85;
p = 0.84), where age at diagnosis (HR 0.89, 95% CI 0.84-0.94;
p <0.001) and development of large duct PSC (HR 5.16, 95% CI
1.13-23.51; p = 0.03) were associated with events of LT or death
during follow up (Table 3).

Mean transplant-free survival from time of PSC diagnosis was
15.0 years (95% CI 13.2-16.8, SE 0.91). There was no difference in
20-year transplant-free survival between those with and without
liver abnormalities during pregnancy (p = 0.21; Fig. S2B).

Pregnancy after PSC diagnosis

There were 266 pregnancies reported in 178 patients following
PSCdiagnosis (Table S2). The median age at PSC diagnosis was 26.8
years (IQR, 21.5-30.7 years), 146 (82.0%) had large duct PSC and 122
(66.5%) IBD. The median age at first delivery was 32.3 years (IQR,
28.7-35.7 years), at a median interval of 4.4 years (IQR, 2.2-8.9
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Table 2. Univariate analysis of differences between patients with and without liver abnormalities detected during pregnancy before their PSC diagnosis.

Liver abnormalities (n = 21) No liver abnormalities (n = 146) p value
Age at PSC diagnosis, median (IQR), years 34.6 (32.1-39.3) 40.7 (32.3-48.8) 0.06
Age at delivery, median (IQR), years 30.7 (27.7-35.2) 28.6 (25.1-31.4) 0.09
Interval between delivery and PSC diagnosis, 1.4 (0.5-5.7) 7.0 (2.0-18.0) 0.002
median (IQR), years
Large duct PSC 19 (90.5%) 113 (77.4%) 0.25
IBD 10 (47.6%) 75 (51.4%) 0.75

Continuous variables are expressed as median (IQR), categorical variables are represented as number (%). Subgroup differences were analysed using the X or Fisher’s exact
tests for categorical parameters, and the Mann-Whitney U test or Kruskal Wallis test for continuous variables. IBD, inflammatory bowel disease; PSC, primary sclerosing

cholangitis.

Table 3. Hazard ratio for events (LT or death) during follow up in patients with pregnancy before their PSC diagnosis.

Univariate analysis

Multivariate analysis

HR 95% CI p value HR 95% CI p value
Age at PSC diagnosis 0.89 0.85-0.93 <0.001 0.89 0.84-0.94 <0.001
Age at delivery 1.02 0.95-1.09 0.57
Large duct PSC 6.23 1.49-26.21 0.01 5.16 1.13-23.51 0.03
IBD 3.22 1.55-6.66 0.002 1.46 0.64-3.30 0.36
Worsening liver-related symptoms 332 1.33-8.29 0.01 1.10 0.43-2.85 0.84

during pregnancy

Multivariate logistic regression analysis was performed to assess which features were of independent significance. Variables with a p value of <0.2 and those of particular
interest were included. Results were recorded as hazard ratio (HRs) with 95% CIs and p values. IBD, inflammatory bowel disease; PSC, primary sclerosing cholangitis.

years) from PSC diagnosis. UDCA was continued in 123 (46.2%) of
pregnancies, stopped in 29 (10.9%), started in 11 (4.1%) and not
used in 61 (22.9%); the remainder were unknown (42, 15.8%).

Peak liver biochemistry in the 6 months before conception,
during pregnancy, and in the 6 months after delivery are listed in
Table 4, both relative to the normal range and baseline pre-
conception values. The most common abnormalities before
conception and during pregnancy were elevations in AST and
GGT; whereas after pregnancy it was GGT and ALP. A greater than
25% rise from baseline values was seen more commonly after
delivery than during pregnancy in all liver biochemistry. We did
not identify a difference in rise in liver biochemistry either
during or after pregnancy in patients who continued taking
UDCA during pregnancy (Table S3).

Maternal liver-related symptom data were available in 228
pregnancies. There was worsening of liver-related symptoms in
66 (28.9%) pregnancies: 33 (14.5%) clinical diagnosis of ICP, 23
(10.1%) worsening pruritus, 34 (14.9%) new pruritus, and four
(1.8%) episode of cholangitis (Table S4). Serum bile acids were
measured in a subgroup of 59 patients: 18/59 (30.5%) had
elevated bile acids >40 pmol/L, including 8/59 (13.6%) with sig-
nificant elevations at 2100 pmol/L.

On univariate analysis continued UDCA use during pregnancy
(OR 2.39 [1.10-5.22]; p = 0.03) and abnormal ALP before

pregnancy (OR 4.40 [1.88-10.33]; p <0.001, Fig. 1) were associated
with the development of liver-related symptoms during preg-
nancy (Table 5). There were no associations with age at delivery,
subtype of PSC, duration of PSC or presence of IBD.

Mean transplant-free survival was 18.5 years (95% CI 17.9-
19.2, SE 0.32). There was a reduced 20-year transplant-free sur-
vival in patients with pre-existing PSC who developed worsening
liver-related symptoms during pregnancy (p = 0.03, Fig. 2). Age at
diagnosis (HR 1.11, 95% CI 1.04-1.94; p = 0.003) and worsening
liver-related symptoms during pregnancy (HR 3.02, 95% CI 1.24-
7.35; p = 0.02) were patient factors associated with a reduced
transplant-free survival and retained significance on multivariate
analysis (Table 6). LT or death occurred at a median 8.1 years
(IQR, 4.5-13.3 years) after pregnancy.

Pregnancy after LT for PSC

There were 17 pregnancies in 14 patients after LT for PSC, one
patient had a diagnosis of recurrent PSC (rPSC) at the time of
conception. The median age at delivery was 33.4 years (IQR, 27.5-
36.7 years), time from transplant was 5.0 years (IQR, 2.5-10.8
years), and time from diagnosis of PSC 11.4 years (IQR, 7.6-14.9
years). Delivery was at a median 37.5 weeks gestation (range, 31-
39 weeks). There were four spontaneous vaginal deliveries, two
inductions, four elective caesarean sections, three emergency

Table 4. Peak values of liver biochemistry where available in the 6 months before conception, during pregnancy, and in the 6 months after delivery.

Before conception

During pregnancy

After delivery

Normal range, Normal range, >25% rise Normal range, >25% rise

n n (%) n n (%) from baseline n n (%) from baseline

Bilirubin 115 95/115 (82.6%) 117 104/117 (88.9%) 18/96 (18.8%) 127 107/127 (84.3%) 30/96 (31.3%)
ALP 122 57/122 (46.7%) 119 57/119 (57.9%) 28/101 (27.7%) 131 36/131 (27.5%) 51/105 (48.6%)
ALT 75 35/75 (46.7%) 83 50/83 (60.2%) 13/67 (19.4%) 77 32/77 (41.6%) 29/62 (46.8%)
AST 86 30/86 (34.9%) 87 40/87 (46.0%) 17/72 (23.6%) 92 30/92 (32.6%) 30/73 (41.1%)
GGT 89 29/89 (32.6%) 84 40/84 (47.6%) 12/65 (18.5%) 96 26/96 (27.1%) 24(72 (33.3%)

The values are represented in reference to the upper limit of normal for the laboratory and compared with the individual’s baseline pre-conception values. Categorical
variables are represented as number (%), or where data are missing number/number available (%). ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate

aminotransferase; GGT, gamma-glutamyl transferase.
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Fig. 1. Serum ALP (in reference to the ULN for laboratory) expressed as
median with 95% CI at three time points. (i) Peak value in the 6 months
before conception; (ii) peak value during pregnancy; (iii) peak value in the 6
months after delivery. ALP, alkaline phosphatase; ULN, upper limit of normal.

caesarean sections and were unknown in four. Pre-eclampsia
was diagnosed in two patients and no patients developed
gestational diabetes.

The 12 pregnancies with complete data were maintained on
calcineurin based immunosuppression during pregnancy (10
tacrolimus, two ciclosporin; Table S5); we were unable to
ascertain the regimen in five patients. UDCA was continued
during pregnancy in the three patients already taking it, and in
the remainder it was not started. There were no episodes of
acute cellular rejection during pregnancy.

In two of 17 (11.8%) pregnancies a clinical diagnosis of ICP was
made, the remainder did not report liver-related symptoms during
pregnancy. The patient with known rPSC before pregnancy was

JHEP|Reports

diagnosed with ICP and also had oral antibiotics for cholangitis;
they subsequently required re-do LT 3 years post-partum.

Discussion

PSC is a rare disease with a paucity of data to inform women with
PSC of the disease-specific risks associated with pregnancy, and to
guide clinicians on their management during pregnancy.'"' In this
retrospective European multicentre study we describe maternal
liver-related symptoms and long-term outcomes in a large cohort of
patients with PSC. We identified worsening of liver-related symp-
toms in a third of pregnant patients with PSC, which was associated
with abnormal ALP before conception and UDCA use during preg-
nancy in our population. Furthermore, we demonstrated that pa-
tients who developed a worsening of their liver-related symptoms
had a poorer transplant-free survival, and hypothesise that
pregnancy-associated symptoms may have unmasked this sub-
group with a more severe clinical phenotype and advanced liver
disease. In addition, we reveal a novel finding that a significant
proportion of patients with PSC had evidence of liver abnormalities
during pregnancies before their PSC diagnosis.

We identified liver abnormalities in 12.6% of patients during
pregnancy before their PSC diagnosis. This subgroup with liver
abnormalities had a shorter interval to subsequent PSC diagnosis
than those without, and were frequently diagnosed in the early
post-partum period. Although no control group is available for
comparison, a clinical diagnosis of ICP was made in 6% of our
patients, which is greater than the 1% described in European
populations.'® Combining the ICP group with the heterogenous
group of other liver abnormalities, we did not identify differ-
ences in baseline characteristics between patients who did and
did not have liver abnormalities. ICP has been identified as a risk
factor for future fibrosis/cirrhosis (HR 5.11, 95% CI 3.29-7.96),
although this may be primarily influenced by chronic hepatitis C
infection,'” it is also likely to related to genetic factors that confer
susceptibility to ICP and cirrhosis.'®'® Although we demon-
strated a poorer transplant-free survival from time of pregnancy
in our cohort, there was no difference in transplant-free survival
from time of PSC diagnosis (Fig. S2B) and this is likely to be
related to a lead time bias and a shorter interval to PSC diagnosis.
It has previously been reported that a small proportion of pa-
tients with ICP are subsequently diagnosed with PSC, with ICP a
risk factor for future PSC diagnosis (HR 6.58, 95% CI 1.47-29.49)."”
It is debatable if all these patients truly had a diagnosis of ICP,
particularly those diagnosed with PSC in the months after de-
livery. It is more plausible that it represents one or more of: (i)
the natural history of their PSC; (ii) an unmasking of the pre-
clinical phase of PSC' by hormonal changes in pregnancy;’®

Table 5. Odds ratio developing worsening liver-related symptoms during pregnancy after a diagnosis of PSC (n = 228).

Worsening liver-related No worsening liver-related p value 0dds ratio (95% CI)
symptoms (n = 66) symptoms (n = 162)

Age at PSC diagnosis, median (IQR), years 25.8 (21.5-30.6) 25.8 (22.3-29.5) 0.68 1.009 (0.97-1.06)
Age at delivery, median (IQR), years 32.9 (29.0-36.0) 32.3 (29.2-35.6) 0.74 1.01 (0.95-1.07)
PSC duration at time of delivery, median (IQR), years 5.4 (3.3-94) 5.8 (2.9-10.2) 0.84 1.01 (0.95-1.06)
Large duct PSC 52/66 (78.8%) 132/162 (81.5%) 0.64 0.84 (0.42-1.72)
IBD 38/66 (57.6%) 109/162 (67.3%) 0.17 0.66 (0.37-1.19)
UDCA use 42/52 (80.8%) 79/124 (63.7%) 0.03 2.39 (1.10-5.22)
Abnormal bilirubin before pregnancy 8/39 (20.5%) 12/69 (17.4%) 0.69 1.23 (0.45-3.32)
Abnormal ALP before pregnancy 30/40 (75.0%) 30/74 (40.5%) <0.001 4.40 (1.88-10.33)

Continuous variables are expressed as median (IQR), categorical variables are represented as number (%), or where data are missing number/number available (%). Unadjusted
odds ratios (ORs) were calculated and recorded as OR with 95% 95% Cls and p values. ALP, alkaline phosphatase; IBD, inflammatory bowel disease; PSC, primary sclerosing

cholangitis; UDCA, ursodeoxycholic acid.
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Fig. 2. Cumulative incidence of clinical events with Kaplan-Meier estimates for time to liver transplantation or death (transplant-free survival) from time
of PSC diagnosis in those with pregnancy after PSC diagnosis. Twenty-year transplant-free survival in those with worsening liver-related symptoms in

pregnancy (log-rank test, p = 0.03). PSC, primary sclerosing cholangitis.

Table 6. Hazard ratio for events (liver transplantation or death) during follow up in patients with pregnancy after their PSC diagnosis.

Univariate analysis

Multivariate analysis

HR 95% CI p value HR 95% CI p value
Age at diagnosis 110 1.03-1.18 0.005 111 1.04-1.94 0.003
Large duct PSC 0.44 0.10-1.88 0.27
IBD 0.66 0.24-1.83 0.43
Hepatobiliary cancer 0.66 0.15-2.86 0.58
Worsening liver-related symptoms during pregnancy 2.61 1.08-6.30 0.03 3.02 1.24-7.35 0.02

Multivariate logistic regression analysis was performed to assess which features were of independent significance. Variables with a value of p <0.2 and those of particular
interest were included. Results were recorded as hazard ratios (HRs) with 95% Cls and p values. IBD, inflammatory bowel disease; PSC, primary sclerosing cholangitis.

(iii) a genetic predisposition to abnormal bile acid homeostasis
with variants in hepatobiliary transporters.'® A more established
cholangiopathy at time of pregnancy and/for a more severe
phenotype of disease may be factors, however, these could not
be explored in our study.

Worsening of liver-related symptoms were commonly re-
ported during pregnancy in patients with PSC and affected 28.9%
of our population, which is similar to previously reported smaller
cohorts.”!” We explored pre-pregnancy factors associated with
worsening symptoms and identified an elevated ALP pre-
pregnancy and ongoing UDCA use during pregnancy. Although
intra-individual variation in ALP does not associate with short-
term progression in liver fibrosis,'* an elevated ALP has been
incorporated into prognostic models*® and may represent the
presence of more advanced liver disease and/or cholangiopathy,
which could explain the association with worsening liver-related
symptoms in our population. The association between UDCA use
and worsening symptoms in pregnancy in our cohort is not clear;
although UDCA is a well-recognised treatment for ICP which is
associated with a reduction in symptoms®! and may reduce

spontaneous preterm birth in patients with elevated serum bile
acids,?? it does not clearly have a role in the standard treatment of
PSC."?% Although the short-term use of UDCA in patients with PSC
and worsening symptoms during pregnancy has been suggested
in guidelines,'! our data do not add further light on the routine use
of UDCA to prevent or reduce symptoms during pregnancy.

Liver biochemistry at the three time points (before conception,
during pregnancy, and after delivery) were only available for a
limited number of patients in this study, however there were
sufficient numbers to demonstrate a clinical signal. Before
conception the majority of our cohort had elevations in liver en-
zymes with a normal bilirubin. Significant elevations in liver
biochemistry from pre-conception baseline, defined as >25% rise,
were identified in 18-28% during pregnancy, and 31-49% after
delivery. Physiological elevations in ALP are commonly seen in
pregnancy related to placental secretion’® which in part may
explain the increases during pregnancy in our cohort. However,
these elevations persisted after delivery, with a normal ALP in
46.7% before pregnancy compared to 27.5% at 6 months after de-
livery when ALP should be back to normal levels,>> which may
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signify progressive liver disease. It was previously demonstrated
in a smaller cohort of 25 pregnancies that there were more stable
liver enzymes during pregnancy in patients continued on UDCA,'°
however we did not demonstrate a protective effect of UDCA on
liver biochemistry abnormalities during pregnancy in our cohort.
As the normal ranges for liver transaminases reduce in normal
pregnancy, it is possible that the proportion of women with
worsening liver biochemistry was underestimated in our study.

We demonstrated a prognostic impact of worsening liver-
related symptoms during pregnancy, with a poorer transplant-
free survival, which retained significance on multivariate anal-
ysis. Although the number of patients post LT in our cohort is
small, the patient with known rPSC had a significant worsening
of liver biochemistry during pregnancy, which progressed post-
partum and they subsequently required re-transplantation. Un-
like in patients pregnant before their PSC diagnosis, transplant-
free survival should not be influenced by lead time bias, and
this adds weight to the hypothesis that patients with a more
advanced stage of liver disease and/or more severe phenotype of
disease are at greater risk of developing worsening liver-related
symptoms during pregnancy.

In addition to the challenges related to data collection and
completeness of data, which is commonplace in large multi-
centre retrospective studies, there are limitations specific to our
study which need to be addressed. We only report a population
with a diagnosis of PSC and live birth pregnancy and do not have
a matched-control PSC population without pregnancy or other
aetiologies of liver disease with pregnancy. Although we have
been able to explore the effect of some factors associated on
long-term outcomes, we do not have data on liver fibrosis
assessment, presence of portal hypertension, and extent of
cholangiopathy; all of which contribute to prognosis in PSC.'"!?
Liver-related symptoms were not systematically evaluated and
may have been under-reported, particularly if pregnancies
occurred at a different centre. As a retrospective analysis we
were not able to assess for quality of life during pregnancy, and
in particular symptoms common in both PSC and pregnancy such
as fatigue and abdominal pain, which may have not been
ascertained by their clinician. We only included pregnancies
with live births and did not include pregnancies which resulted
in foetal loss; this is an important subgroup to consider partic-
ularly with the association between severe ICP (bile acids
>100 umol/L) and foetal loss.?® There is likely to have been sig-
nificant variability in the clinical diagnosis of ICP in our

JHEP|Reports

population, related to the lack of consensus between the major
societies for the diagnostic criteria of ICP,'® and different
thresholds for making a diagnosis of ICP in patients with estab-
lished chronic liver disease. This is particularly challenging in
PSC, where it is often not possible to distinguish between ICP and
worsening cholestatic pruritus from underlying PSC, and we
recommend caution in making a clinical diagnosis of ICP in PSC.

Pre-conception counselling is important in patients with
chronic liver disease?” and is recommended in PSC.'? Prospective
data with standardised monitoring during pregnancy is required
to refine this information, however our study has provided
important information to guide these discussions and can be used
alongside recommendations in new international guidelines on
liver disorders in pregnancy.”® Pre-pregnancy biochemistry, such
as elevations in ALP, can be used to help advise patients on their
risk of developing new or worsening symptoms during pregnancy.
Furthermore, patients who develop symptoms can be informed of
the potential prognostic implications and need for closer moni-
toring in the medium and long-term. To truly personalise care and
individualise risk before pregnancy, we envisage a multimodality
assessment incorporating liver biochemistry, fibrosis assessment,
quantification of cholangiopathy?® and genetic testing of risk
loci.'>'® Recommendations on the frequency and benefit of blood
tests during pregnancy for maternal liver-related complications
cannot be derived from our data, however it is reasonable that they
are checked in the second and third trimester, particularly with the
association between elevated bile acids and poorer neonatal
outcomes.”

In conclusion, we have demonstrated that a significant pro-
portion of patients with PSC experience new or worsening liver-
related symptoms during pregnancy, both before and after their
diagnosis of PSC. Furthermore, we have identified that those who
develop worsening liver-related symptoms during pregnancy
may have a poorer long-term prognosis. Although the aetiopa-
thogenesis of worsening liver-related symptoms during preg-
nancy in PSC is not clear and requires further evaluation, it may
be related to the stage of liver disease at conception, with a
‘stress test’ from the hormonal changes during pregnancy which
results in a clinical deterioration. We recommend pre-
conception counselling for women with PSC, with close sur-
veillance of those who develop worsening symptoms during
pregnancy as they may have a more severe phenotype and/or
advanced stage of disease.
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Fig. S1. Study design and subject disposition.

1204 female 753 excluded:
patients with PSC 532 no pregnancy
identified 221 unknown pregnancy
450 with live birth 23 pregnant but excluded
delivery as timing unknown
285 prior to PSC 178 post PSC 14 after liver
diagnosis diagnosis transplant for PSC
Outcome data in 299 Outcome data in 228 Outcome data in 17
pregnancies (167 pregnancies (171 pregnancies (14
patients) patients) patients)




Fig. S2A. Cumulative incidence of clinical events with Kaplan-Meier estimates
for time to liver transplantation or death (transplant-free survival) from time of
pregnancy prior to PSC diagnosis. 20 year transplant-free survival in those with

liver abnormalities in pregnancy (log-rank, P=0.01).
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Fig. S2B. Cumulative incidence of clinical events with Kaplan-Meier estimates
for time to liver transplantation or death (transplant-free survival) from time of
PSC diagnosis in those with pregnancy prior to diagnosis. 20 year transplant-

free survival in those with liver abnormalities in pregnancy (log-rank, P=0.21).

= No liver abnormalities

Liver abnormalities

+ Censored
1.0
g 0.8
=
wvi
@
=
—
L 06
c
]
=3
w
c
m
s 04
2
=
=
g 0.2
&)
0.0
0 5 10 15 20
Time from PSC diagnosis (years)
At risk
Liver 21 13 4 2 1
abnormalities
No liver 146 90 44 26 T
abnormalities



Table S1. Clinical characteristics of subgroup of patients who were pregnant
prior to their diagnosis of PSC (n=167).

N=167
Age at delivery, median (IQR), years 28.7 (25.2-31.8),
Age at PSC diagnosis, median (IQR), years 38.8 (32.4-48.1)
Interval between delivery and PSC diagnosis, 5.8 (1.7-17.1)
median (IQR), years
Large duct 132 (79.0%)
Small duct 14 (8.4%)
PSC/AIH overlap 19 (11.4%)
IgG4-SC 2 (1.2%)
IBD 85 (50.9%)

Abbreviations: PSC, primary sclerosing cholangitis; AlH, autoimmune hepatitis;
IgG4-SC, immunoglobulin G4 sclerosing cholangitis; IBD, inflammatory bowel
disease.

Continuous variables are expressed as median (IQR), categorical variables are
represented as number (%).



Table S2. Clinical characteristics of subgroup of patients who were pregnant
after their diagnosis of PSC (n=178).

N=178
Age at PSC diagnosis, median (IQR), years 26.8 (21.5-30.7)
Age at delivery, median (IQR), years 32.3 (28.7-35.7)
PSC duration at time of delivery, median (IQR), 4.4 (2.2-8.9)
years
Large duct 146 (82.0%)
Small duct 8 (4.5%)
PSC/AIH overlap 24 (13.5%)
IBD 122 (66.5%)

Abbreviations: PSC, primary sclerosing cholangitis; AlH, autoimmune hepatitis; IBD,
inflammatory bowel disease.
Continuous variables are expressed as median (IQR), categorical variables are

represented as number (%).



Table S3. Univariate analysis of continued UDCA use during pregnancy and
change in liver blood tests from baseline values.

UDCA not used UDCA continued P
previously or
stopped

Bilirubin

Normal prior to 33/38 (86.8%) 53/65 (81.5%) 0.48
conception

>25% rise from baseline 4/34 (11.8%) 10/51 (19.6%) 0.34
during pregnancy

>25% rise post from 8/32 (25.0%) 17/53 (32.1%) 0.49
baseline after delivery
ALP

Normal prior to 19/42 (45.2%) 33/68 (48.5%) 0.74
conception

>25% rise from baseline 7/36 (19.4%) 16/55 (29.1%) 0.30
during pregnancy

>25% rise post from 17/36 (47.2%) 27/58 (46.6%) 0.95
baseline after delivery
ALT

Normal prior to 9/22 (40.9%) 24/46 (52.2%) 0.39
conception

>25% rise from baseline 2/20 (10.0%) 7141 (17.1%) 0.70
during pregnancy

>25% rise post from 8/29 (27.6%) 12/34 (35.3%) 0.51
baseline after delivery
AST

Normal prior to 14/32 (43.8%) 12/42 (28.6%) 0.18
conception

>25% rise from baseline 5/30 (16.7%) 6/32 (18.8%) 0.83
during pregnancy




>25% rise post from 10/18 (55.6%) 16/39 (41.0%) 0.31
baseline after delivery

GGT

Normal prior to 9/27 (33.3%) 16/51 (31.4%) 0.86
conception

>25% rise from baseline 7/23 (30.4%) 3/35 (8.6%) 0.04
during pregnancy

>25% rise post from 9/24 (37.5%) 8/39 (20.5%) 0.14
baseline after delivery

Abbreviations; UDCA, ursodeoxycholic acid; ALP, alkaline phosphatase; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl
transferase.

Categorical variables are represented as number (%), or where data is missing
number/number available (%). Subgroup differences were analysed by Chi-squared

or Fisher's exact tests.



Table S4. Reported symptoms during pregnancy after PSC diagnosis (n=228).

N=228

Clinical diagnosis of intrahepatic cholestasis of 33 (14.5%)
pregnancy
Pruritus

Stable or improved from baseline 33 (14.5%)

Worsened from baseline 23 (10.1%)

Newly developed 34 (14.9%)
Cholangitis

Treated with antibiotics as outpatient 3 (1.3%)

Treated with antibiotics as inpatient 1(0.4%)
Any worsening liver-related symptom during 66 (28.9%)
pregnancy

Categorical variables are represented as number (%).



Table S5. Immunosuppression medications and combination regimens used
during pregnancy in patients who had undergone liver transplantation for PSC.

Data was not available in 5 patients.

N=12

Medications

Corticosteroid 9 (75%)

Ciclosporin 2 (17%)

Tacrolimus 10 (83%)

Azathioprine 8 (67%)
Combination regimens

Tacrolimus monotherapy 2 (17%)

Tacrolimus and corticosteroid 2 (17%)

Tacrolimus and azathioprine 1 (8%)

Tacrolimus, corticosteroid and azathioprine 5 (42%)

Ciclosporin, corticosteroid and azathioprine 2 (17%)

Categorical variables are represented as number (%).
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