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Introduction: T-cell mediated rejection (TCMR) is still one of the most common non-surgical complications following liver
transplantation (LTx). Aims: To determine the prevalence, risk factors and outcome of TCMR after LTx from deceased donors
(DDLT) in a single center. Methods: Retrospective analysis; Study interval: May 2008-December 2017. Inclusion criteria: DDLT
at this TC; exclusion criteria: patients treated with CyA or basiliximab. Recorded variables: demographics, MELD score, Child-
-Pugh, etiology, CIT (Cold Ischemia Time), BG (blood groups), tacrolimus (TAC) on 5" day post LTx and at discharge, length of
hospital stay (LOS), survival. TCMR was defined histologically, liver biopsy was performed only in patients having an increase
in liver function tests or unexplained liver dysfunction. Results: 193 patients were included, median age was 53.6, 41.3 % were
females, median MELD score 16.0; Child-Pugh score 10. TCMR was diagnosed in 21 patients (11.4 %). The comparison between
groups (TCMR and no-TCMR) showed the following differences: age: 54.3 vs 42.3 years (p = 0.073); etiology of autoimmune
hepatitis (AIH) 33.3 vs 6.7 %, (p = 0.001), PSC (Primary Sclerosing Cholangitis) 19.0 vs 6.7 %, (p = 0.13). We observed no significant
differences among other etiologies, CIT and BG. Level of TAC on the 5™ day post LTx was 5.90 [4.00-9.30] vs 4.80 [2.60-7.00]
ng/ml (p = 0.097); TAC at discharge was 9.00 [6.80-11.3] vs 8.9 [7.50-10.6] ng/ml (p = NS); LOS was 35.0 vs 24.5 (p = 0.001). We
observed no difference in overall survival between the groups. Multivariate analysis identified independently associated
factors with TCMR: AlH (OR = 4.76, 95% Cl 1.37-16.46; p = 0.014), absence of significant ascites before LTx (OR = 3.15; 95% Cl
1.11-8.95, p = 0.024) and 5" day TAC level (OR = 0.85, 95% Cl 0.73-0.997, p = 0.045). Conclusion: T-cell mediated rejection dia-
gnosed clinically and confirmed histologically occurred in 21 patients (11.4 %). Etiology of AlH, absence of ascites and lower
TAC were independent risk factors for TCMR. TCMR had no impact on overall survival.
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Prevalence a rizikové faktory T buiikami zprostiedkované rejekce u pacientii po
transplantaci jater od zemrelého darce - retrospektivni studie v desetiletém obdobi

Uvod: T burikami zprostfedkovana rejekce (TCMR) je stale jednou z nejéastéjsich nechirurgickych komplikaci po transplantaci
jater (LTx).
Cil: Urcit prevalenci, rizikové faktory a vysledek TCMR po LTx od zemielého darce (DDLT) na jednom pracovisti.

Metodika: Retrospektivni analyza; Interval studie: kvéten 2008 - prosinec 2017. Kritéria pro zafazeni: DDLT v nasem transplan-
tacnim centru; Kritéria vylucujici zafazeni: pacienti 1éceni CyA nebo basiliximabem. Zaznamenané proménné: demografické
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Udaje, MELD skére, Child-Pugh skére, etiologie, CIT (¢as studené ischemie), KS (krevni skupiny), tacrolimus (TAC) 5. den po LTx
a pii propusténi, délka hospitalizace, preziti. TCMR byla definovana histologicky, biopsie jater byla provedena pouze u paci-
entl se zvySenou hodnotou jaternich testli nebo neobjasnénou dysfunkci jater.

Vysledky: Do studie bylo zafazeno 193 pacient(, jejich median véku byl 53,6; 41,3 % byly Zeny; median MELD skére byl 16,0;
Child-Pugh skére 10. TCMR byla diagnostikovana u 21 pacient( (11,4 %). Srovnani mezi skupinami (s TCMR a bez TCMR) uka-
zalo nésledujici rozdily: vék: 54,3 vs. 42,3 let (p = 0,073); etiologie autoimunitni hepatitidy (AIH) 33,3 vs. 6,7 %, (p = 0,001), PSC
(primarni sklerozujici cholangitida) 19,0 vs. 6,7 %, (p = 0,13). Co se tyka jinych etiologii, CIT a KS, Zddné vyznamné rozdily jsme
nezaznamenali. Hladina TAC 5. den po LTx byla 5,90 [4,00-9,30] vs. 4,80 [2,60-7,00] ng/ml (p = 0,097); hladina TAC pfi propus-
téni byla 9,00 [6,80-11,3] vs. 8,9 [7,50-10,6] ng/ml (p = NS); délka hospitalizace byla 35,0 vs. 24,5 (p = 0,001). Mezi skupinami
jsme nepozorovali zadny rozdil v celkovém preziti. Multivariantni analyza odhalila faktory nezavisle asociované s TCMR: AIH
(OR =4,76; 95% Cl 1,37-16,46; p = 0,014), nepfitomnost vyznamného ascitu pred LTx (OR = 3,15; 95% Cl 1,11-8,95, p = 0,024)
a hladina TAC 5. den (OR = 0,85; 95% Cl 0,73-0,997; p = 0,045).

Zavér: Klinicky diagnostikovana a histologicky potvrzena T bunkami zprostfedkovana rejekce nastala u 21 pacientt (11,4 %).
Etiologie AIH, nepfitomnost ascitu a nizka hladina TAC byly nezavislymi rizikovymi faktory TCMR. TCMR neméla vliv na celkové
preziti pacientd.

Klicova slova: transplantace jater od zemfelého darce, diagndza, vysledek, rizikové faktory, T burikami zprostfedkovana rejekce.

Introduction

Despite significant improvements in immunosuppressive therapy,
rejection is still one of the most common non-surgical complications
following liver transplantation (LTx) both in the early and later the post-
-transplant period. T-cell mediated rejection (TCMR) as a complication
following LTx was defined in 1995 (1, 2). The prevalence of TCMR has
varied between 20 %, and 40 %. More than 60 % of rejection episodes
are manifested in the first 3 months after LTx, usually from the 5" to 30"
post-transplant day (3, 4). Risk factors for TCMR include a low level of
immunosuppression, infancy and younger age, female gender, positive
lymphotoxic cross-matching, and autoimmune etiology of underlying
liver disease (3-5). Rejection is mediated by antigen-presenting cells
(APQ), T-lymphocytes, and allogeneic MHC (Major Histocompatibility
Complex) peptide complex. There are two well described pathophys-
iological pathways: the so-called direct activation pathway and indirect
pathway (3,6-9). In TCMR, the direct pathway prevails in the immediate
post-transplant period, while the indirect one is more frequent at later
stages (6-8). Clinical presentation is non-specific and often vague — pa-
tients may present with fever, fatigue, abdominal pain, icterus, progre-
ssion of ascites and/or liver dysfunction. Often, the only manifestation
is the increased activity of liver enzymes and serum bilirubin.

Liver biopsy (LB) remains the gold standard for diagnosing TCMR,
where the diagnostic triad is:
A. inflammatory cellular infiltrate in portal fields,
B. inflammation beneath the endothelium of the portal and central

veins (endothelitis), and
C. damage to the interlobular bile ducts.

Banff Classification stratifies TCMR histological findings according
to Rejection Activity Index (RAI) into mild, moderate and severe (9, 10).
There is still a controversy concerning indication strategy for LB, with
some centers performing protocol biopsies and some performing LB
only in patients with clinical evidence of graft dysfunction (4). Prevention
of TCMR is based on the timely initiation of immunosuppressive tre-
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atment. Immunosuppressive agents used to treat TCMR are corticosteroid
pulses (11, 12), the most common treatment of steroid-resistant TCMR is
anti-lymphocyte thymoglobulin (ATG) —a polyclonal lymphocyte prepara-
tion (13-17), than antibody-based agents including anti-CD3 muromonab
(OKT3), anti-CD20 antibody rituximab, basiliximab and daclizumab (18-21).

Aims

To determine the prevalence, risk factors and outcome of TCMR
in patients undergoing liver transplantation from deceased donors
(DDLT) in a small-volume transplant center (TC) over the last ten years.

Patient and methods

We conducted a retrospective study at the liver unitin teaching hos-
pital in Central Slovakia. We extracted data from the hospital information
center — Care Center® (NIS-CQ). Study interval: May 2008 — December
2017. Inclusion criteria: DDLT at this TC; exclusion criteria — patients
treated with CyA and basiliximab.

At the moment of listing, we recorded the following variables: age,
sex, MELD score (Model for End-Stage Liver Disease), Child-Pugh score,
etiology of liver disease, and its cirrhosis complications. Also, we recor-
ded parameters immediately related to the liver transplantation: CIT -
Cold Ischemia Time, recipient BT — blood type, tacrolimus (TAC) levels
on day five following LTx and at the time of hospital discharge, length
of hospital stay (LOS), and overall survival post liver transplantation.

We did not evaluate the donor-recipient matching (mismatches in
HLA loci) and cross-matching.

Immunosuppression protocol in our TC includes a triple combinati-
on of intravenous methylprednisolone 500 mg in the anhepatic phase
followed by a daily intravenous dose of 20 mg, tacrolimus 0.1 mg/kg/
day and mycophenolate mofetil 2 000 mg/day. We excluded patients
receiving immunosuppressive induction therapy with basiliximab.

We suspected TCMR in patients having an increase in serum levels
of AST (aspartate aminotransferase), ALT (alanine aminotransferase),
GGT (gammaglutamyltransferase), ALP (alkaline phosphatase) and or
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Tab. 1. Summary statistics and baseline characteristics of the studly group of 184 patients after liver transplantation from deceased donors

N =184 Median/% Inter-quartile range
Demography age 536 43.4-594
% of women 413
BMI (kg/m2) 26.1 23.3-29.0
Etiology of cirrhosis % alcohol 47.8
% viral etiology 12
% NAFLD 10.3
% AlH 9.8
% PBC 87
% PSC 8.2
% Wilson disease 2.2
% HCC 10.3
ESLD characteristic Child Pugh score 10 8-
MELD score 16 13.5-18.8
INR 149 14-1.6
Serum creatinine (umol/I) 72 60.0-88.5
Serum bilirubin (umol/1) 51.3 35.3-96.6
Serum albumin (g/1) 300 26.0-34.3
Clinical ascites (%) 754
PSE (%) 599
Blood grop (BG) % BG_0 239
% BG_A 489
% BG_AB 12,0
%BG_B 15.2
% Rh_posit 83.7
Transplantation Tacrolimus level Day 5 5.80 3.7-9.1
Tacrolimus level on discharge 89 6.90-11.3
Cold ischemia time (min.) 3775 355.0-415.0
% Acute cellular rejection 114
Follow-up time — moths after LTx 374 15.2-71.5

NAFLD - non alcoholic fatty liver disease, AIH — aAutoimmune hepatitis, PBC — pPrimary biliary cholangitis, PSC — primary sclerosisg cholangitis, HCC — hepatocellular

carcinoma, PSE — portosystemic encephalopathy

serum bilirubin following liver transplantation or evidence of worsening
liver function. To confirm the diagnosis of TCMR, patients underwent
percutaneous liver biopsy under ultrasound guidance using a true-cut
needle (n = 12). In cases having contraindications to percutaneous liver
biopsy (platelet count lower than 50 000 x 10%1), trans-jugular liver
biopsy (n = 9) was carried out. All patients reported an early form of
TCMR histologically diagnosed at an interval of up to three months after
LTx. Once TCMR was histologically confirmed, we treated patients with
intravenous pulses of methylprednisolone with a cumulative dose of
3 grams (1 000 mg/day/3 days). In cases with inadequate response to
steroids (a mild form of TCMR), we labeled TCMR as cortico-resistant, and
patients received intravenous anti-thymocyte globulin (ATG) at a dose
of 2.5-5 mg/kg/day for 14 days (@ moderate and severe form of TCMR).

Statistical analysis was performed using a software package
MedCalc v.18, Ostende, Belgium. We present all the numerical para-
meters as mean and standard deviation, categorical variables as per-
centages. Comparison of TCMR and no-TCMR groups was performed
using T-test in normally distributed variables, Mann-Whitney-test in
non-normally distributed variables and chi-square test in comparing
proportions. To identify factors independently associated with TCMR,
we entered all parameters appearing statistically associated with TCMR
(p < 0.12) into a backward multivariate logistic regression. We analyzed
the overall survival between sexes and TCMR and no-TCMR groups with
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Kaplan-Meier survival curves. Statistical significance was defined by the
probability of null-hypothesis inferior to 0.05.

The study has been carried out following the proceedings of the
Helsinki declaration. All the patients have signed an informed consent
before any procedure, and separately for liver transplantation. The study
has a retrospective design; data were anonymized in the database and
patients did not undergo any intervention apart from the usual proce-
dures prior and post liver transplantation. All authors declare having
no conflicts of interest. Dataset for this observational study is available
on request from authors.

Results

During the reporting period, 196 consecutive DDLT were performed
including 3 re-transplantations. The final analysis included 184 pati-
ents. Summary statistics and study group characteristics are displayed
in table 1. Mean age was 53.6 (43.4-594), 41.3 % were females, with
average MELD score 16.0 (13.5-18.8) points, mean Child-Pugh score
10.0 (8-11) points.

TCMR was diagnosed in 21 patients (11.4 %). Each of the patients
had only one episode of TCMR. Six patients adequately responded to
steroid pulse therapy, histologically, this was a mild form of TCMR. In 15
patients, the response was not adequate and they received second-line
therapy with ATG, histologically, these were a mild and severe form of
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Tab. 2. Comparison of selected parameters between groups according to T cell mediated rejection occurring among 184 patients after liver transplantation

(LTx) from deceased donor

no rejection T cell mediated rejection
n=163 n=21
Median | IQR Median | IQR P
Age 54.3[46.3,59.8] 42.3[37.6,57.7] 0.073
Females (%) 41,1 429 1.000
Body mass index 26.06 [23.20, 29.00] 26.17 [23.74, 29.86] 0.708
Aetiology of liver disease:
Alcohol (%) 509 23.8 0.035
Viral hepatitis (%) 129 48 0.470
Non-alcoholic fatty liver (%) 1.0 48 0.611
Autoimmune hepatitis (%) 6.7 333 <0.001
Primary biliary cholangitis (%) 8.0 14.3 0.579
Primary sclerosing cholangitis (%) 6.7 19.0 0.13
Wilson’s disease (%) 1.8 48 0.945
Hepatocellular carcinoma (%) 11.7 0.00 0.204
Cirrhosis severity at liver transplantation
Child Pugh score 10.00 [8.00, 11.00] 9.00 [7.00, 11.00] 0.226
MELD score 16.00 [13.69, 19.00] 16.00 [13.00, 17.00] 0.466
INR 1.50[1.36, 1.66] 143 [1.24,1.65] 0.384
Serum creatinine (umol/I) 75.00 [61.00, 94.00] 67.00 [55.00, 72.00] 0.020
Serum bilirubin (umol/1) 50.30 [35.65, 96.50] 64.80 [34.60, 137.70] 0.604
Serum albumin (g/1) 30.00 [26.00, 34.00] 28.00 [26.00, 39.00] 071
Presence of ascites pre-LTx (%) 79,5 476 0.016
Encephalopathy stage (1-4) (%) 61,5 476 0.690
Blood groups 0.841
0(0) 233 28.6
A (%) 49.1 47.60
AB (%) 11.7 14.3
B (%) 16.00 9.50
Rhesus factor positive (%) 82.8 90.5 0.562
Liver transplantation
Cold ischemia time (minutes) 377 (300, 494] 400 [311-526] 0.649
Day 5 tacrolimus concentration (ng/ml) 590 [4.00, 9.30] 4.80[2.60, 7.00] 0.097
Discharge tacrolimus concentration (ng/ml) 9.00 [6.80, 11.3] 891750, 10.6] 0.670
Length of hospital stay (days) 24.5119.0, 33.0] 35.0 [27.8,47.5] 0.001
Mean follow-up time (months) 4110[18.77,77.03] 17.52 [10.19, 41.56] 0.013

Fig. 1. Overall survival of 193 patients undergoing liver transplantation accor-

ding to gender. Dotted line: females, full line: males, P = 0.80

Fig. 2. Survival probability after liver transplantation according to the occu-

rrence of T cell mediated rejection (TCMR). TCMR — dotted line, no-TCMR — full

line, P=0.232
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Tab. 3. Multivariate logistic regression in search for independent predictors of T-cell mediated rejection in 184 patients undergoing liver transplantation from

deceased donors
Variable Coefficient Std. Error Odds ratio 95% ClI P
Autoimmune hepatitis 1.559 0.634 4.76 1.37t0 1646 0.014
Absence of ascites 1.146 0.533 3.15 1.11t0 8.95 0.032
Tacrolimus level 5" day post-LTx -0.161 0.080 0.85 0.73t00.997 0.045

Significance level: P =0,0009 Cox &Snell: R? =0,09786 Nagelkerke: R? =0,1891

Variables entered: AlH, ascites, D5 tacrolimus level, age, alcohol, creatinine pre-LTx
Variables not retained: age, alcohol, serum creatinine pre-LTx ‘

TCMR (table 2) displays the comparison between TCMR and no-TCMR
groups. Average age in the group with TCMR vs. no-TCMR was 54.3
(46.3, 59.8) years and 42.3 (37.6, 57.7) years (p = 0.073). Etiology of liver
disease was significantly different in AlH 33.3 % vs 6.7 % (p = 0.001);
ALD (Alcohol-related Liver Disease) 23.8 % vs 50.9 % (p = 0.035); PSC
(Primary Sclerosing Cholangitis) 19.0 % vs 6.7 % (p = 0.13); PBC (Primary
Biliary Cholangitis) 14.3 % vs 8.0 % (p = NS); viral hepatitis (HBV, HCV)
4.8% vs 12.9 % (p = NS); NAFLD (Non-Alcoholic Fatty Liver Disease) 4.8
% vs 11.0 % (p = NS); MW (Morbus Wilson) 4.8 % vs 1.8 % (p = NS) for
both groups respectively. Median cold ischemia time (CIT) was 400.0
vs 3770 min (p = NS) respectively. Representation of individual blood
groups (BG) did not show any difference. Tacrolimus concentration at
day 5 post LTx was 5.90 (4.00, 9.30) ng/ml vs 4.80 (2.60, 7.00) ng/ml (p =
0.097); tacrolimus concentration at discharge from the hospital was 9.00
(6.80, 11.3) ng/ml vs 8.9 (7.50, 10.6) ng/ml (p = NS) respectively. Length
of hospital stay (LOS, group TCMR vs no-TCMR) was 35.0 vs 24.5 days
(p=0.001) respectively.

In univariate analysis, recipient age, alcoholic and autoimmune
etiology, pre-transplant serum creatinine, ascites and 5 day tacrolimus
concentration were identified as factors being associated with the
TCMR. Multivariate logistic model displayed in table 3 reveals three
independent risk factors of TCMR: autoimmune liver disease (OR =4.76,
95% Cl 1.37-16.46; p = 0.014); absence of clinically significant ascites
prior to LTx (OR = 3.15; 95% CI 1.11-8.95, p = 0.024) and 5" day tacrolimus
concentration (OR = 0.85, 95% Cl 0.73-0.997, p = 0.045).

Analysis of overall survival post LTx and the survival outcome of
TCMR are displayed in figures 1 and 2. Kaplan-Meier survival curves
reveal no difference in overall survival between genders (fig. 1) and
according to TCMR status (fig. 2).

Discussion

In our study, in a single low-volume liver transplant center over past
10 years, TCMR prevalence was 114 %. Three independent risk factors
were identified: autoimmune liver disease, absence of clinically signi-
ficant ascites prior to liver transplantation and lower serum tacrolimus
level on the 5" post-transplant day.

The prevalence of TCMR following liver transplantation varies greatly
among studies (3,4) and is mostly dependent on the diagnostic strategy
that has been used to define TCMR. Newer studies evaluating tacroli-
mus-based regimen tend to report lower incidence of TCMR compared
with older studies using cyclosporin (22). Combination regimen with
tacrolimus and mycophenolate has further decreased the risk. Studies
with protocol biopsies have also reported a slightly higher prevalence
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of TCMR compared with studies when liver biopsies were performed
only when clinical or laboratory evidence of graft dysfunction was
suspected (23). Our study reports TCMR prevalence in the lower end
of the reported intervals. The observation might be explained by lower
prevalence of autoimmune liver disease and by our diagnostic strategy
based on clinical and biochemical evidence. Per-protocol biopsies at
pre-specified intervals after liver transplantation were not performed
in our center (2, 3, 5, 23). Liver histology was used only for TCMR con-
firmation thereby underestimating the true prevalence of histological
TCMR. However, possible under-diagnosis of TCMR did not appear to
have any adverse impact on patients” prognosis.

As for TCMR risk factors, patients with AIH had a 4.76-times higher
likelihood of TCMR than other etiologies. We also tested the hypothesis,
that both autoimmune hepatitis and primary sclerosing cholangitis
carry a higher risk of TCMR. However, odds ratio for both diseases in
the same multivariate model would be much lower (1.16) compared
with odds ratio for solo autoimmune hepatitis (table 3). The absence
of clinically significant ascites (stage 2 and 3) prior to LT¥, increased
the risk 3.15 times. Tacrolimus concentration in TCMR group was lower
compared with non-TCMR group, but the difference did not reach
statistical significance probably due to different numbers in both
groups. However, in multivariate analysis after correction for age, al-
cohol etiology, autoimmune etiology, creatinine and ascites we found
an independent association between lower tacrolimus concentration
on day 5 and the higher risk of TCMR. This finding appears consistent
with previous reports and also appears plausible. In the end, it is the
serum concentration of this immunosupressive drug as the single mo-
difiable risk factor of TCMR. We did not confirm significant association
between TCMR and Child-Pugh, MELD scores, the blood type or the
length of cold ischemia time. However, the presence of TCMR, with
a need for its adequate treatment, led to a significantly prolonged
hospital stay compared with patients without TCMR. In the literature,
autoimmune liver disease has been frequently reported as ACR risk
factor (4, 23, 24). The impact of liver function prior to LTx on the risk
of TCMR has been evaluated in 133 patients by Gomez-Manero et al
[25]. The study reports that patients with a Child-Pugh score of A and
those without ascites had higher risk of TCMR following LTx. In addition,
a multicenter study has also identified a trend for lower pre-transplant
MELD score among patients developing port-transplant TCMR (26). In
our study, MELD score did not predict TCMR, but it was lower than in
the mentioned reports. Different selection criteria and liver allocation
protocols between centers might also explain observed differences.
More severe liver disease in patients with ascites likely leads to more
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profound immune system paralysis, eventually being associated with
lower probability of rejection post LTx. Ascites is often associated with
bacterial translocation leading to constant interaction of translocated
bacteria with antigen presenting cells and toll-like receptors. Our stu-
dy brings evidence, that the absence of ascites prior to LTx is a single
most important clinical predictor for TCMR. However, the number of
candidates for LTx without ascites in real-life is probably low. Low serum
levels of immunosuppressive medication in the early post-transplant
period have been described as a risk factor for TCMR (27-29). To date,
the impact of TCMR on patient and graft survival after LTx has been
evaluated in a single report by (23), revealing that TCMR had no impact
on patients” survival.

[t has been previously shown, that agreement among clinicians
from multiple liver transplant centers on the clinical criteria for selec-
ting patients for liver biopsy is very poor (26). These data probably
reflect differences among protocols which are being followed in liver
transplant centers. In the management of liver transplant recipients,
there is apparently a clinical challenge. On one side, the diagnosis of
TCMR requires liver biopsy with its” non-negligible drawbacks. On
the other, currently we are unable to diagnose TCMR without liver
histology. Although undiagnosed TCMR in our study did not lead to
any significant adverse outcome, there is evidence that some patients
with undiagnosed TCMR without biochemical graft dysfunction de-
velop clinically overt TCMR over time. In a meta-analysis of 15 studies
including 1566 patients undergoing per-protocol biopsies, 331 of
patients had histological evidence of TCMR with no biochemical graft
dysfunction, and 36 of them eventually developed clinically significa-
nt TCMR. In the study, 7 patients had steroid-refractory TCMR and 9
patients subsequently developed chronic rejection (30, 31). However,
the risk of progressive graft dysfunction in undiagnosed TCMR was
very low, and authors did not recommend protocol liver biopsies in all
patients. Recently, Rodriguez-Peralvarez et al in their multicenter study
have proposed a risk score for non-invasive prediction of histologically
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