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Log-rank test: p = 0.150

Tacrolimus was not associated with a 
higher risk of graft loss (aHR 1.07) or 

death (aHR 1.06)

In this large cohort, type of CNI was not 
associated with long-term graft or 

recipient survival

Simultaneous administration of 
mycophenolate was linked to enhanced 

survival outcomes

This might implicate the threshold of 
combination therapy should be low

Maintenance mycophenolate was 
significantly associated with a 

lower risk of graft loss and death 
(aHR 0.72 for both)

+

Conclusions

Highlights: Impact and implications:
� Long-term risks of graft loss or death were similar between
patients with PBC on tacrolimus or cyclosporin after LT.

� This finding supports the continued use of tacrolimus in
this population.

� Maintenance use of mycophenolate was associated with
lower risks of graft loss and death.

� Maintenance use of steroids selected a group of patients
with unfavourable long-term outcomes.
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This study investigated the association between immunosuppressive
drugs and the long-term survival of patients with primary biliary chol-
angitis (PBC) following donation after brain death liver transplantation.
While tacrolimus has previously been related to a higher risk of PBC
recurrence, the type of calcineurin inhibitor was not related to graft or
patient survival among patients transplanted for PBC in the European
Liver Transplant Registry. Additionally, maintenance use of mycophe-
nolate was linked to lower risks of graft loss and death, while these risks
were higher with maintenance use of steroids. Our findings should
provide reassurance for physicians regarding the continued use of Tac
after liver transplantation in the population with PBC, and suggest
potential benefit from combination therapy with mycophenolate.
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Type of calcineurin inhibitor and long-term outcomes
following liver transplantation in patients with primary biliary

cholangitis – an ELTR study

Maria C. van Hooff1, Rozanne C. de Veer1, Vincent Karam2, Rene Adam3, Pavel Taimr4, Wojciech G. Polak5, Hasina Pashtoun1, Sarwa
Darwish Murad1, Christophe Corpechot6, Darius Mirza7, Michael Heneghan8, Peter Lodge9, Gabriel C. Oniscu10,11, Douglas Thorburn12,
Michael Allison13, Herold J. Metselaar1, Caroline M. den Hoed1, Adriaan J. van der Meer1,*, for the European Liver and Intestine Transplant
Association (ELITA)†

JHEP Reports 2024. vol. 6 j 1–9
Background & Aims: Tacrolimus has been associated with recurrence of primary biliary cholangitis (PBC) after liver trans-
plantation (LT), which in turn may reduce survival. This study aimed to assess the association between the type of calcineurin
inhibitor used and long-term outcomes following LT in patients with PBC.

Methods: Survival analyses were used to assess the association between immunosuppressive drugs and graft or patient survival
among adult patients with PBC in the European Liver Transplant Registry. Patients who received a donation after brain death graft
between 1990 and 2021 with at least 1 year of event-free follow-up were included.

Results: In total, 3,175 patients with PBC were followed for a median duration of 11.4 years (IQR 5.9–17.9) after LT. Tacrolimus
(Tac) was registered in 2,056 (64.8%) and cyclosporin in 819 (25.8%) patients. Following adjustment for recipient age, recipient
sex, donor age, and year of LT, Tac was not associated with higher risk of graft loss (adjusted hazard ratio [aHR] 1.07, 95% CI
0.92-1.25, p = 0.402) or death (aHR 1.06, 95% CI 0.90-1.24, p = 0.473) over cyclosporin. In this model, maintenance myco-
phenolate mofetil (MMF) was associated with a lower risk of graft loss (aHR 0.72, 95% CI 0.60-0.87, p <0.001) or death (aHR 0.72,
95% CI 0.59-0.87, p <0.001), while these risks were higher with use of steroids (aHR 1.31, 95% CI 1.13-1.52, p <0.001, and aHR
1.34, 95% CI 1.15-1.56, p <0.001, respectively).

Conclusions: In this large LT registry, type of calcineurin inhibitor was not associated with long-term graft or recipient survival,
providing reassurance regarding the use of Tac post LT in the population with PBC. Patients using MMF had a lower risk of graft
loss and death, indicating that the threshold for combination treatment with Tac and MMF should be low.

© 2024 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 biliary cholangitis (PBC) is a chronic and usually
slowly progressive liver disease with autoimmune features,
histologically characterized by destruction of the small intra-
hepatic bile ducts.1,2 The disease is mainly diagnosed in
middle-aged women, based on elevated serum alkaline
phosphatase levels and presence of anti-mitochondrial anti-
bodies. The recommended standard treatment for PBC is
ursodeoxycholic acid (UDCA), which delays histological dis-
ease progression and improves liver transplant (LT)-free sur-
vival.3–5 Nonetheless, despite adequate UDCA therapy, a
substantial proportion of patients still develop cirrhosis, at
which stage they are at risk of liver failure and hepatocellular
carcinoma (HCC).6 In particular, patients with an incomplete
biochemical response to UDCA are at increased risk of hepatic
fibrosis progression.7,8
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At present, while treatment options are increasing with
various nuclear receptor agonists, LT remains the only poten-
tially curative treatment option for patients with PBC. LT is
restricted to patients with decompensated liver disease,
selected patients with HCC or those with poor quality of life due
to unmanageable pruritus.9–11 Even though UDCA treatment
has become common practice, approximately 400 patients
with PBC still undergo a transplantation in Europe and the
United States each year.12,13 The outcome of LT in the popu-
lation with PBC can be considered good. Within the European
Liver Transplant Registry (ELTR), the 5-year graft and patient
survival rates are 78% and 83%, respectively.14,15 This sur-
passes the 5-year graft and patient survival rates post LT in
patient with other aetiologies of chronic liver disease such as
viral hepatitis (65% and 74%), primary sclerosing cholangitis
(72% and 82%), autoimmune hepatitis (73% and 79%), and
astroenterology and Hepatology, Doctor Molewaterplein 40, NA building, Floor
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Calcineurin inhibitors and long-term outcomes post LT for PBC
alcohol-related cirrhosis (71% and 75%), or primary liver tu-
mours (61% and 64%).14,15 Still, graft and patient survival
in patients with PBC may be compromised, as PBC recurs in
17-46% of patients in the years following LT.16 Recurrence of
PBC (rPBC) was recently shown to be associated with impaired
graft and patient survival.17

In general, with respect to calcineurin inhibitors (CNIs),
tacrolimus (Tac) is preferred over cyclosporin (CsA) following LT
based on the lower rate of acute cellular rejection (ACR) and
graft loss.11,16 Nevertheless, use of Tac in the setting of LT for
PBC is a topic of ongoing debate as there have been some
reports suggesting a higher rate of rPBC in those treated with
Tac.17–19 However, most of these cohort studies were limited
by a relatively small number of included patients. In addition,
prior efforts have not generally assessed the association be-
tween the type of CNI and graft loss or patient mortality as the
most solid clinical endpoints. Accordingly, the primary aim of
this study was to assess the association between the type of
CNI and long-term graft and patient survival following LT for
PBC within the large dataset of the ELTR. In parallel, we aimed
to assess the association between other immunosuppressive
drugs and these clinical outcomes after LT.

Patients and methods

Study population

This study was performed within the ELTR, which includes
prospectively collected data on patients undergoing LT in
nearly all European liver transplant units (174 centres in 32
countries). For this study the registry provided data on all first
LT performed in patients with PBC between 1990 and 2021,
with follow-up until March 16th 2021. Eligibility criteria
encompassed; adults (>−18 years) undergoing donation after
brain death (DBD) liver transplant (single organ) solely for PBC.
Patients were excluded in case of inadequate or missing dates
of follow-up or LT, or missing data on immunosuppressive
therapies. This research was conducted in accordance with the
principles of the Declaration of Helsinki and Istanbul. The ELTR
adheres to GDPR. Each participating centre in the ELTR is
responsible for obtaining informed consent from patients prior
to registration, thereby the requirement for additional written
consent for the ELTR is waived. All data provided by ELTR were
anonymized, quality of data is ensured by randomly performed
audits of contributing centres.

Data and endpoints

ELTR data used for the current study included recipient and
donor age, recipient and donor sex, type of donor (DBD grafts,
donation after circulatory death grafts, living donor donation,
domino procedure), total ischemia time, date of LT, centre
where LT was performed, and usage of initial and maintenance
immunosuppressive drugs. The type of CNI was primarily
based on the last registered maintenance regimen (beyond the
first month after LT). In case data on the maintenance immu-
nosuppressive treatments was missing, the type of CNI was
based on the registered immunosuppressive treatments during
the initial phase (first month). In case there was no CNI regis-
tered among the immunosuppressive drugs or in case both
CNIs were registered among the maintenance immunosup-
pressive treatments, patients were excluded from the analyses.
JHEP Reports, ---
The non-CNI immunosuppressive drugs were based on the
registered maintenance regimen. Data on cirrhosis-related
complications and laboratory parameters were not considered
because of the nature of our study and the high rate of missing
values among these variables in the ELTR. The clinical end-
points which were assessed in this study were graft loss and
death, both irrespective of cause. Patients were considered to
have lost their graft in case of a second LT or death.

Statistical analyses

Categorical variables were expressed as counts and percent-
ages (n, %) and continuous variables as medians and inter-
quartile ranges. Follow-up time was calculated from date of first
transplant to either graft loss or death. Patients who were alive
without an event were censored at the last follow-up date as
registered in the ELTR. Graft survival and overall patient sur-
vival were evaluated according to the type of CNI using the life-
table Kaplan Meier method. Comparisons between both
groups were made by log-rank test. For the primary analyses,
patients with a follow-up duration <365 days (due to early loss
to follow-up, a LT <365 days prior to data transfer, or early
events post LT) were excluded from the survival analyses. Cox
proportional hazard analyses were used to assess which fac-
tors were associated with graft or patient survival. When
appropriate, polynomial terms were added to the model to
account for non-linearity. The final model (model 1) was based
on inclusion of variables with a p value of less than 0.1 in
univariate analyses, with specific covariates retained as
essential factors in the model (recipient sex, recipient age,
donor age and year of LT as continuous variables). Besides, we
performed a backward model selection procedure to assess
additional variables for inclusion, ensuring a comprehensive
examination of potential (additional) confounders. Data are
presented as hazard ratio (HR) or adjusted HR (aHR) with 95%
CIs. Several sensitivity Cox proportional hazard analyses were
performed. First, analyses were repeated in various patient
subgroups, including females, different age and calendar time
categories, high volume centres (contributing over 50 LT in the
dataset), and in those patients who had the same type of CNI
registered in both their initial and their maintenance regimen.
Second, the model estimates were assessed in analyses in
which patients were included in case they had at least 90 days
of event-free follow-up, rather than 365 days. Third, to increase
the number of patients in the analyses, the associations be-
tween type of CNI and clinical outcomes were evaluated in a
model which did not adjust for the use of other immunosup-
pressive drugs (MMF and steroids). Statistical analyses were
performed with IBM SPSS Statistics, version 28.0.1.0 (142),
software (Chicago, IL).

Results

Study population

In primary analyses, 3,175 patients with at least 1 year of event-
free follow-up after DBD LT for PBC were included as they had
available data on the use of immunosuppressive drugs (Fig. 1).
The baseline characteristics are shown in Table 1. Overall,
2,764 (87.1%) of the recipients were female and the median age
at LT was 55.4 years (IQR 48.8–61.4). Recipients were followed
for a median of 11.4 years (IQR 5.9–17.9), during which 120
2024. vol. 6 j 1–9 2



Patients who underwent LT for solely PBC with a graft
following DBD within ELTR: n = 5,306

DBD LT for PBC with immunosuppressive
regimen data: n = 4,040

Primary analysis
DBD LT for PBC

≥365 days of follow-up free from events
n = 3,175

Sensitivity analysis
DBD LT for PBC

n = 3,489

Excluded: No data available on
immunosuppressants (n = 1,266)

Excluded:
•  Follow-up <365 days (n = 333)
•  Early graft loss or mortality <365 days (n = 532)

Excluded:
•  Follow-up <90 days (n = 164)
•  Early graft loss or mortality <90 days (n = 387)

Fig. 1. Study flowchart. The flowchart starts with 5,306 adults transplanted for PBC with a graft following DBD LT. Patients without data on immunosuppressants post
LT were excluded. Data on immunosuppressive regimen was available in 4,040 patients, of whom 3,175 had at least 365 days of event-free follow-up and could be
included for the primary analyses. DBD, donation after brain death donor; LT, liver transplant(ation); PBC, primary biliary cholangitis.
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patients underwent a second LT and 1,075 patients died.
Tables S1 and S2 present the registered reasons for graft loss
and death among those patients for whom these data were
available within the dataset of the ELTR. For those still in follow-
up after the first year, the overall 10-year graft survival was
80.9% (95% CI 79.3–82.5) and the overall patient survival was
82.9% (95% CI 81.5–84.3).

Use of maintenance CNI and non-CNI drugs

Among the 3,175 patients, Tac was used by 2,056 (64.8%)
patients and CsA by 819 (25.8%) patients, while 283 (8.9%)
patients had no documented CNI and 17 (0.5%) patients had
both types of CNI registered among their maintenance regimen.
The type of CNI was based on maintenance CNI in 1,818
(88.4%) patients for Tac and in 655 (80.0%) patients for CsA.
The initial and maintenance type of CNI differed in 221 (7.0%)
Table 1. Cohort characteristics.

DBD cohort >1-year follow-up (N = 3,1

Median calendar year of LT 2001 (1996–20
Median follow-up (years) 11.4 (5.9–1
Recipient age at LT 55.4 (48.8–6
Recipient sex
Male 410/3,174 (12.9
Female 2,764/3,174 (87.1

Donor sex
Male 1,385/3,148 (44.0
Female 1,763/3,148 (56.0

Sex mismatch (recipient/donor) 1,322/3,147 (42.0
Donor age 43.8 (27.8–5
Total ischemia time (hours) 9.5 (7.3–1
Type of graft
Full size 2,705/2,920 (92.6
Reduced 19/2,920 (0.7
Split 196/2,920 (6.7

Mycophenolate maintenance 754/2,473 (30.5
Steroids maintenance 763/2,473 (30.9
Azathioprine maintenance 415/2,473 (16.8

CsA, cyclosporin; DBD, donation after brain death; LT, liver transplant(ation); Tac, tacrolim
Patient characteristics for the overall cohort and separately for the Tac and CsA group. Con
are expressed as counts and percentages (n, %).
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patients; 53 (1.7%) patients switched from Tac to CsA and 168
(5.3%) patients switched from CsA to Tac. Fig. 2 shows the
absolute number of patients in our analysis who either used Tac
or CsA according to the year of LT. Among patients who were
transplanted from 2010 onwards the percentage of patients on
Tac remained above 85%. In concordance, the baseline vari-
ables differed between patients on Tac and those on CsA, with
higher ischemia time in patients on CsA as opposed to those
on Tac (10.0 [IQR 7.7–13.4] vs. 9.0 [IQR 7.0–11.4] hours,
respectively, p <0.001) but older donor graft in patients on Tac
as opposed to those on CsA (45.9 [29.4–56.9] vs. (39.9
[24.2–51.2], respectively, p <0.001) (Table 1).

Data on non-CNI maintenance immunosuppressive drugs
were available in 2,473 (86.1%) patients with a single type of
CNI. Of the 1,818 Tac users, 722 (39.7%) received Tac mon-
otherapy, while 619 (30.1%), 477 (23.2%) and/or 211 (10.3%)
75) Tac (n = 2,056) CsA (n = 819) p value

09) 2004 (1998–2011) 1996 (1994–2000) <0.001
7.8) 9.9 (4.7–16.5) 14.0 (8.3–19.7) <0.001
1.4) 55.2 (48.5 – 61.4) 55.5 (48.8–61.0) 0.157

0.005
%) 279/2,055 (13.6%) 80/819 (9.8%)
%) 1,776/2,055 (86.4%) 739/819 (90.2%)

0.278
%) 880/2,041 (43.1%) 366/807 (45.4%)
%) 1,161/2,041 (56.9%) 441/807 (54.6%)
%) 842/2,040 (41.2%) 346/807 (42.9%) 0.435
5.5) 45.9 (29.4–56.9) 39.9 (24.2–51.2) <0.001
2.0) 9.0 (7.0–11.4) 10.0 (7.7–13.4) <0.001

<0.001
%) 1,646/1,805 (91.2%) 776/815 (95.2%)
%) 7/1,805 (0.4%) 8/815 (1.0%)
%) 152/1,805 (8.4%) 31/815 (3.8%)
%) 619/1,818 (34.0%) 135/655 (20.7%) <0.001
%) 477/1,818 (26.2%) 286/655 (43.7%) <0.001
%) 211/1,818 (11.6%) 204/655 (31.1%) <0.001

us.
tinuous variables are shown as median and interquartile range and categorical variables
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Fig. 2. Maintenance calcineurin inhibitor by transplant year. Absolute numbers of patients in our primary analysis who either used Tac or CsA according to the year
of LT. Type of CNI was primarily based on maintenance regimen, or if maintenance data was missing on the initial type of CNI. CNI, calcineurin inhibitor; CsA,
cyclosporin; LT, liver transplant; Tac, tacrolimus.

Calcineurin inhibitors and long-term outcomes post LT for PBC
patients received Tac alongside maintenance use of myco-
phenolate mofetil (MMF), steroids and/or azathioprine (AZA),
respectively. Monotherapy of CsA was reported in 178 (27.2%)
patients, while 286 (34.9%), 204 (24.9%), and 135 (16.5%)
patients received CsA alongside maintenance use of steroids,
AZA, and MMF, respectively.

Immunosuppressive drugs in relation to clinical outcome

Among patients who used a single CNI, Tac was not associated
with statistically significantly higher risk of graft loss (HR 0.946,
95% CI 0.833-1.075, p = 0.397) or death (HR 0.909, 95% CI
0.797-1.035, p = 0.150). In patients with at least 1-year of
follow-up, the 10-year graft and patient survival were 80.0%
(95% CI 78.0-82.0) and 82.2% (95% CI 80.2-84.2) for those on
Tac vs. 81.8% (95% CI 79.1-84.5) and 83.6% (95% CI 80.9-
86.3) for those on CsA (p >0.150 for both, Fig. 3). Registered
maintenance use of MMF was associated with a lower long-
term risk of graft loss (HR 0.768, 95% CI 0.643-0.917, p =
0.003) or death (HR 0.755, 95% CI 0.628-0.908, p = 0.003),
while patients for whom steroids were registered among their
maintenance immunosuppressive regimen had a higher risk of
graft loss (HR 1.225, 95% CI 1.064-1.411, p = 0.005) or death
(HR 1.243, 95% CI 1.075-1.436, p = 0.003). Use of AZA during
follow-up was not associated with long-term outcome in uni-
variate analyses for graft survival (HR 0.973, 95% CI 0.822-
1.150) or patient survival (HR 0.988, 95% CI 0.832-1.172),
p >0.745 for both, Table 2).

Adjusting for recipient age, recipient sex, donor age
and year of LT did not alter the lack of association between
the type of CNI and graft loss (aHR 1.069, 95% CI 0.915-1.249,
p = 0.402) or overall death (aHR 1.060, 95% CI 0.904-1.243, p =
0.473) (Table 2). In this multivariable model, maintenance MMF
remained associated with a lower risk of graft loss (aHR 0.718,
95% CI 0.595-0.867, p <0.001) and death (aHR 0.716, 95% CI
0.588-0.872, p <0.001), while maintenance steroid use
remained associated with a higher risk of graft loss (aHR 1.308,
95% CI 1.126-1.519, p <0.001) or death (aHR 1.339, 95% CI
1.148-1.562, p <0.001). Table 3 describes the results of several
sensitivity analyses. These analyses showed consistent aHR
estimates for type of CNI, MMF and steroids with respect to
JHEP Reports, ---
graft loss or patient death in various subgroups of patients, as
well as for follow-up starting 90 days as opposed to 365 days
after LT. Additionally, similar results were obtained with respect
to the association between type of CNI and clinical outcomes in
an alternative Cox model which did not include MMF or ste-
roids as covariates in order to maximize the number of patients
in the analyses.

Discussion
In this largest cohort study to date, no difference was observed
in long-term graft or patient survival for patients with PBC who
used Tac or CsA following DBD liver transplantation. Further,
use of MMF was associated with a reduced risk of graft loss or
death while maintenance steroid use was associated with
worse outcomes. These findings were robust following multi-
variable adjustment as well as in a variety of clinically relevant
sensitivity analyses. The absent association between the type
of CNI and long-term post-LT outcomes is relevant considering
the ongoing discussion on the negative impact of Tac on rPBC.
For this study, the power of the ELTR dataset enabled us to
assess the type of CNI in relation to graft and patient survival as
more solid clinical endpoints. Our study therefore supports the
preferred use of Tac in the population with PBC, which is in
general the first-choice CNI following LT. While we observed a
substantial increase in use of Tac following LT among patients
with PBC in Europe over recent years, there remain centres
where CsA replaces Tac following LT in patients with PBC. In
addition, the results suggest that there may be a benefit of
combining Tac with MMF to spare the side effects of higher
dosed Tac alone.

So far, studies assessing the differences in clinical outcome
according to the type of CNI following LT in patients with PBC
primarily focused on rPBC as an endpoint. Higher recurrence
rates and shorter time to recurrence were initially observed in
small studies conducted in the 1990s and early 2000s.20–23

More recently, non-randomized studies have described a
higher risk of rPBC with Tac following LT with HRs ranging from
2.0 to 3.4.17,18 However, these results were not consistent, as a
Japanese multicentre living donor study found a completely
opposite increased risk of rPBC with CsA (aHR 2.5) vs. Tac.24
2024. vol. 6 j 1–9 4
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Despite prior believes, rPBC was recently associated with
unfavourable graft and patient survival in the study by
Montano-Loza et al., performed within the selected interna-
tional centres of the Global PBC Study Group. Still, the
endpoint of rPBC has limitations as it remains a histological
diagnosis. Histopathological assessment based on different
features may lead to varying recurrence rates.25 Results may
also be influenced by differences in post-LT programs,
including either protocol liver biopsies or clinically indicated
biopsies. In addition, a strong rationale to support an increased
Table 2. Cox proportional hazards regression models for graft and patient sur

Univariate

HR (95% CI)

Graft survival
Female (ref. male) 0.859 (0.725–1.018)
Recipient age at LT 1.034 (1.026–1.041)
Recipient age at LT2* 1.002 (1.001–1.002)
Donor age 1.012 (1.008–1.016)
Total ischemia time (hours) 1.003 (0.984–1.023)
Sex mismatch (R/D) 0.994 (0.884–1.117)
Calendar year of LT 1.013 (1.001–1.024)
Tac use (ref. CsA)† 0.946 (0.833–1.075)
MMF† 0.768 (0.643–0.917)
AZA† 0.973 (0.822–1.150)
Steroids† 1.225 (1.064–1.411)

Patient survival
Female (ref. male) 0.846 (0.711–1.007)
Recipient age at LT 1.047 (1.039–1.055)
Recipient age at LT2* 1.002 (1.001–1.002)
Donor age 1.011 (1.007–1.015)
Total ischemia time (hours) 1.004 (0.984–1.025)
Sex mismatch (R/D) 0.997 (0.884–1.125)
Calendar year of LT 1.007 (0.995–1.019)
Tac (ref. CsA)† 0.909 (0.797–1.035)
MMF† 0.755 (0.628–0.908)
AZA† 0.988 (0.832–1.172)
Steroids† 1.243 (1.075–1.436)

AZA, azathioprine; CNI, calcineurin inhibitor; CsA, cyclosporine; (a)HR, (adjusted) hazard r
For the primary analyses, patients with a follow-up duration <365 days due to early loss to
from the survival analyses.
*Polynomial term for age was added to the model to account for non-linearity and is cons
†Maintenance use of immunosuppressant.
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risk of rPBC with Tac over CsA is lacking. One of the described
hypotheses, from a small genome-wide sequencing study, is
related to a potential risk loci (IL12) for susceptibility to rPBC as
Tac and CsA have different mechanisms for the inhibition of IL-
2, which in turn may affect IL-12.26 Both these cytokines are
involved in the regulation of T cells, and the development of
autoreactive T-helper 1 cells has been associated with PBC
development.27 However, it is unclear how these signalling
pathways specifically influence PBC recurrence. Another
conjecture posits that there is an increased potential for
vival.

Multivariable

p value aHR (95% CI) p value

0.080 0.900 (0.734–1.104) 0.312
<0.001 0.877 (0.820–0.938) <0.001
<0.001 1.002 (1.001–1.002) <0.001
<0.001 1.008 (1.003–1.012) <0.001
0.749 –

0.914 –

0.028 1.003 (0.988–1.018) 0.702
0.397 1.069 (0.915–1.249) 0.402
0.003 0.718 (0.595–0.867) <0.001
0.745 –

0.005 1.308 (1.126–1.519) <0.001

0.061 0.888 (0.720–1.094) 0.264
<0.001 0.894 (0.830–0.963) 0.003
<0.001 1.002 (1.001–1.002) <0.001
<0.001 1.007 (1.003–1.012) 0.002
0.670 –

0.967 –

0.229 0.997 (0.981–1.013) 0.687
0.150 1.060 (0.904–1.243) 0.473
0.003 0.716 (0.588–0.872) <0.001
0.887 –

0.003 1.339 (1.148–1.562) <0.001

atio; LT, liver transplant(ation); MMF, mycophenolate mofetil; Tac, tacrolimus.
follow-up, a LT <365 days prior to data transfer, or early events post LT, were excluded

istently used in conjunction with the linear term of age.

2024. vol. 6 j 1–9 5



Table 3. Sensitivity analysis multivariate Cox proportional hazard models for graft and patient survival.

Tac (ref. CsA) MMF (ref. no MMF) Steroids (ref. no steroids)

(n) aHR (95% CI) p value aHR (95% CI) p value aHR (95% CI) p value

Graft survival
Females 2,083 1.081 (0.916–1.276) 0.356 0.681 (0.553–0.838) <0.001 1.321 (1.125–1.551) <0.001
Age <55.4# 1,191 1.272 (0.987–1.640) 0.063 0.686 (0.504–0.934) 0.017 1.309 (1.039–1.650) 0.022
Age >−55.4

# 1,193 0.969 (0.794–1.183) 0.758 0.754 (0.593–0.959) 0.022 1.321 (1.084–1.611) 0.006
Year of LT 1990–2000 983 1.115 (0.929–1.338) 0.224 0.803 (0.608–1.061) 0.123 1.256 (1.035–1.523) 0.021
Year of LT >−2000 1,413 0.935 (0.670–1.303) 0.690 0.649 (0.503–0.838) 0.004 1.437 (1.126–1.835) 0.004
Initial = maintenance CNI‡ 1,585 1.003 (0.787–1.277) 0.983 0.679 (0.542–0.851) <0.001 1.343 (1.104–1.634) 0.003
High volume centres§ 1,825 1.105 (0.930–1.312) 0.257 0.737 (0.591–0.918) 0.007 1.242 (1.056–1.461) 0.009
Alternative start of follow-up
>−90 days post LT† 2,563 1.113 (0.958–1.294) 0.162 0.692 (0.578–0.828) <0.001 1.251 (1.083–1.444) 0.002

Not adjusted for MMF or steroids
Overall 2,782 0.931 (0.812–1.067) 0.304 – – – –

Patient survival
Females 2,083 1.069 (0.902–1.267) 0.441 0.679 (0.547–0.844) <0.001 1.354 (1.148–1.598) <0.001
Age <55.4# 1,191 1.275 (0.976–1.667) 0.075 0.682 (0.485–0.960) 0.028 1.400 (1.093–1.793) 0.008
Age >−55.4

# 1,193 0.969 (0.793–1.183) 0.754 0.745 (0.585–0.950) 0.017 1.317 (1.080–1.607) 0.007
Year of LT 1990–2000 983 1.112 (0.924–1.338) 0.263 0.818 (0.616–1.084) 0.162 1.257 (1.034–1.529) 0.022
Year of LT >−2000 1,413 0.861 (0.612–1.213) 0.393 0.627 (0.478–0.824) <0.001 1.563 (1.209–2.021) <0.001
Initial = maintenance CNI‡ 1,585 0.986 (0.770–1.264) 0.914 0.685 (0.542–0.867) 0.002 1.372 (1.120–1.680) 0.002
High volume centres§ 1,828 1.100 (0.923–1.311) 0.289 0.733 (0.582–0.922) 0.008 1.265 (1.070–1.494) 0.006
Alternative start of follow-up
>−90 days post LT† 2,563 1.087 (0.931–1.268) 0.290 0.697 (0.577–0.842) <0.001 1.300 (1.120–1.508) <0.001

Not adjusted for MMF or steroids
Overall 2,782 0.913 (0.794–1.050) 0.201 – – – –

CNI, calcineurin inhibitor; CsA, cyclosporine; (a)HR, (adjusted) hazard ratio; LT, liver transplant(ation); MMF, mycophenolate mofetil; Tac, tacrolimus.
Sensitivity analyses of primary model are presented. The full model includes: recipient sex, recipient age, recipient age2, donor age, and year of transplant, type of calcineurin
inhibitor, use of maintenance mycophenolate and steroids. The aHRs with 95% CIs are presented, with values below 1.0 favouring Tac, values below 1.0 favouring use of MMF, and
values below 1.0 favouring steroids.
#Cut-off based on median recipient age.
‡Subgroup of patients who had the same type of CNI registered among their initial and maintenance immunosuppressive regimen.
§Centres with over 50 PBC transplants within the European Liver Transplant Registry.
†Analyses in which patients were included from 90 days post LT, rather than from 365 days. Sensitivity analysis not including MMF and steroid use in the model to assess the
estimates for type of CNI in the overall study population.
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virological or environmental triggers with the use of Tac as a
more potent immunosuppressant.28 Therefore, focusing solely
on rPBC does not account for the potential benefits of Tac over
CsA, for instance with respect to the more effective prevention
of ACR and reduced 1-year and 3-year post-transplant mor-
tality.28,29 It is thus relevant that the current study assessed the
association between type of CNI and long-term graft and pa-
tient survival. Although the median time to rPBC is very het-
erogeneous in the published literature, one of the more recent
and larger cohorts indicated a median time of 4.4 years.17 The
earliest case with rPBC has even been described as early as 4
months after LT.23,25 In case there is a relevant relation be-
tween type of CNI and rPBC, we consider the ELTR to be a
valid cohort to assess this in relation to long-term graft and
patient survival. The median follow-up of 11.4 years presented
here aligns closely with that of the study wherein rPBC was
associated with an unfavourable clinical outcome.18

Our study does not exclude the possibility that Tac indeed
increases the incidence of rPBC, as this outcome measure is
not generally available in the ELTR dataset. Nevertheless, the
results on solid clinical endpoints as presented here are reas-
suring. The rates of rPBC as a reason for graft loss or patient
mortality were similar for the patient on maintenance Tac
(20.0% for graft loss and 4.7% for patient death) and CsA
(20.7% graft loss and 3.0% patient death). Still, these results
should be interpreted cautiously as the available data were
limited and there was no uniform standardised protocol to
assess rPBC across the European LT centres. Even though
JHEP Reports, ---
there was no difference in graft and patient survival between
those on Tac or CsA in the study presented here, there are
several arguments to favour Tac as the preferred CNI after LT
for PBC. First, preventive use of UDCA after LT for PBC was
recently shown to reduce the risk of rPBC and improve survival,
while this was not standard medical management during the
time-period of the cohort studies indicating an increased rPBC
rate with Tac.18,30 Standard UDCA use after LT for PBC today
may thus mitigate the potentially increased rPBC risk of Tac.
Second, it is relevant to consider that the treatment options for
PBC have extended with the development of the multiple nu-
clear receptor agonists. Although solid data on the use of these
second-line add-on drugs in the setting of rPBC have yet to be
presented, it may be anticipated that these drugs would be
effective based on their working mechanism.31 Third, patients
with immune-mediated liver diseases are known to be at
increased risk of rejection,32,33 which has a well-documented
negative impact on post-LT outcomes. The ELTR dataset is
lacking details on possible rejection over time, so the associ-
ation between type of CNI and ACR could not be assessed.
Importantly, however, randomized-controlled trials have clearly
shown that Tac is the preferred CNI to prevent rejection.34

Prioritizing the prevention of rejection should likely take pre-
cedence over the possible prevention of rPBC. Apart from the
direct liver-related consequences of hepatic inflammatory ac-
tivity, there is an indirect negative impact on patient outcomes
as a result of the required intensification of immunosuppressive
drugs in case of rejection. Our finding of a 1.3-fold higher risk of
2024. vol. 6 j 1–9 6
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graft loss and death with maintenance steroids aligns with this.
However, residual confounding and indication bias may be
specifically relevant in relation to this finding and a causal
relation can thus not be concluded.

Interestingly, we observed an almost 30% lower risk of graft
loss or death in patients who used MMF in combination with
their CNI (aHR 0.72, p <0.001 for both). The use of the anti-
metabolite MMF has consistently increased over the past two
decades, among other reasons, to reduce the CNI dosage and
thereby reduce CNI side effects. Indeed, patients on CNIs have
an increased risk of nephrotoxicity, diabetes mellitus, hyper-
tension, and de novo malignancies.35–38 The EASL guidelines
discourage complete CNI withdrawal, however, due to signifi-
cantly increased risk of ACR. Reducing the CNI dose can be
effectively done with the introduction of MMF, and this strategy
improved graft rejection rates and can limit the long-term
disadvantageous effects of CNIs.39–44 Still, MMF may be
limited by side effects as well, which include nausea, vomiting,
diarrhoea, abdominal pain and a possibly higher risk of
opportunistic and viral infections.45–47 The potential long-term
benefit on solid clinical endpoints of combination therapy, as
shown in our study, may not be limited to the population with
PBC. Indeed, similar beneficial results for MMF have recently
been described for graft loss in a post-LT study among patients
with primary sclerosing cholangitis (HR 0.82).48 Although
randomized-controlled data are lacking, our results argue that
the threshold to institute the combination of Tac and MMF
should be low.

Notwithstanding the size and nature of the ELTR dataset,
containing data for practically every LT centre in Europe, some
limitations should be acknowledged. As the ELTR dataset has
JHEP Reports, ---
not been designed to assess the relation between type of CNI
and clinical outcome, details on rPBC and ACR episodes are
lacking. Also, there was no data on the use of UDCA or the
dosages and duration of maintenance immunosuppressive
drugs over time. For this reason, we conducted a sensitivity
analysis in which patients were only included who had the
same type of CNI registered among their initial and mainte-
nance regimen. Over the last decades there have been major
improvements in post-LT outcomes, especially related to an
improved 1-year graft and patient survival.14,49 Considering our
primary focus on the long-term impact of the type of CNI, we
excluded early graft loss or death during the first year. These
events may be largely related to causes such as surgical failure,
primary dysfunction and early infections. However, as ACR may
occur early, we have performed a sensitivity analysis in which
follow-up started at 90 days after LT instead of at 1 year after
LT. In this analysis, the results regarding the association be-
tween the immunosuppressive drugs and graft and patient
survival were similar.

In conclusion, in this large cohort of patients with PBC who
underwent LT, there was no difference in long-term graft or
patient survival according to the type of CNI. The results of our
study should thus reassure transplant hepatologists to
continue the use of Tac after LT in the population with PBC.
Use of maintenance steroids following LT identified a subgroup
of patients with an unfavourable clinical outcome. In contrast,
concomitant use of MMF was associated with a substantially
improved graft and patient survival. While further studies
should assess the clinical impact of combination treatment with
Tac and MMF post LT as well, our results provide support for
adding MMF to Tac in order to reduce CNI-related side effects.
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