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Zusammenfassung 

Einleitung: Thymoglobulin© (ATG) als niedrig dosierte Induktionstherapie nach 

Lebertransplantation wird kontrovers betrachtet und die Datenlage dazu ist rar. Ziel 

dieser Studie ist es potenzielle Risikofaktoren zu identifizieren und ein 

Patientenkollektiv zu definieren, welches von Thymoglobulin© profitieren könnte.  

Material und Methoden: Untersucht wurden alle PatientInnen, welche zwischen 

01.01.2007 und 31.12.2018 (n=217) an der Klinischen Abteilung für 

Transplantationschirurgie der Universitätsklinik für Chirurgie, Graz eine Erst-

Lebertransplantation erhielten. PatientInnen mit fehlenden Daten oder/und additiver 

Nierentransplantation (n=6) wurden von der Studie ausgeschlossen. In der dadurch 

entstandenen 1. Studienkohorte (n=211)  wurde das Patientenüberleben, das 

Transplantatüberleben, das abstoßungsfreie Transplantatüberleben, das 

malignomfreie Überleben, sowie die Rate an CMV-PCR positiven Episoden,  die 

Entstehung von bronchopulmonalen und/ oder Harnwegsinfektionen innerhalb des 

ersten Monats nach der Transplantation mittels multivariabler Cox Regression 

sowie logistischer Regression untersucht. Nach weiterem Ausschluss wegen 

Mangel an Daten (n=31) zur Nierenfunktion 6 Monate postoperativ wurde in einer 

2. Studienkohorte der Einfluss von Thymoglobulin© auf eine KDIGO-Stadien 

Verbesserung 6 Monate nach der Transplantation mittels multivariabler logistischer 

Regressionsanalyse durchgeführt. Durch ROC-Kurven Analysen (AUROC) wurden 

potenziell prognostische Modelle erstellt.  

Ergebnisse: Die Induktionstherapie mit Thymoglobulin© zeigte keinen signifikanten 

Einfluss auf das Patientenüberleben, das Transplantatüberleben, das 

abstoßungsfreie Intervall nach der Transplantation sowie das malignomfreie 

Überleben. Weiters hatte Thymoglobulin© keinen signifikanten Einfluss auf nicht-

virale Infektionen innerhalb des ersten Monats postoperativ. Es zeigte sich, dass 

Thymoglobulin© ein unabhängiger, signifikanter Risikofaktor für die Entstehung von 

CMV-PCR positiven Episoden innerhalb des ersten Monats und der ersten 6 

Monate nach Transplantation ist. Diese CMV-PCR positiven Episoden innerhalb 

des ersten Monats zeigten einen signifikanten Einfluss auf das Patientenüberleben. 

Thymoglobulin© und Empfänger mit einem BMI > 25kg/m² zeigten einen 

unabhängigen, signifikanten Einfluss auf die Nierenfunktionsverbesserung 
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angegeben in KDIGO Stadien innerhalb von 6 Monaten nach Transplantation. 

Daraus ergab sich ein potenziell nutzbares prädiktives Modell (AUROC = 0.916).  

Diskussion: PatientInnen mit prätransplant höheren KDIGO-Stadien und einem 

BMI ≤ 25 kg/m² profitieren am Meisten von einer Induktionstherapie mit 

Thymoglobulin© im Sinne einer Nierenfunktionsverbesserung innerhalb der ersten 

6 Monate nach der Transplantation. PatientInnen, welche eine Induktionstherapie 

durch Thymoglobulin© erhalten, sollten eine CMV-Prophylaxe bekommen, da die 

Rate an frühen CMV-PCR positiven Episoden nach der Transplantation durch die 

Gabe von Thymoglobulin© signifikant erhöht wird.  
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Abstract 

Introduction: Thymoglobulin© induction therapy after liver transplantation is 

considered highly controversial. Studies about Thymoglobulin© induction therapy 

are rare. The aim of this study is to identify potential risk factors and patients who 

may profit from Thymoglobulin© induction therapy.  

Patients and Methods: Patients receiving primary liver transplants at the Clinical 

Department of Transplantation surgery of the University Hospital for Surgery, Graz  

between 01.01.2007 and 31.12.2018 (n=217) were included and patients with lack 

of data and/or additional kidney transplantation were excluded from analysis (n=6) 

defining Study Cohort 1 (n=211). Study Cohort 1 was used to determine 

independent influences of Thymoglobulin© induction on patient survival, graft 

survival, rejection-free graft survival, cancer-free survival as well as CMV infections, 

bronchopulmonary and/ or urinary tract infections within the first month deploying 

multivariable Cox regression and logistic regression modelling, respectively. 

Further exclusion of patients with lack of follow-up data on kidney function 6 months 

after transplantation (n=31) defined Study Cohort 2 (n=180) which was used to 

determine the influence of ATG on KDIGO-stage improvement 6 months after 

transplantation using multivariable logistic regression analysis. ROC-curve analysis 

(AUROC) was used to evaluate potential prognostic models. 

Results: Induction therapy with Thymoglobulin© did not influence patient survival, 

graft survival, rejection-free graft survival, and cancer-free survival significantly. 

Furthermore, Thymoglobulin© had no significant influence on non-viral infections 

within the first month after transplantation. Thymoglobulin© was revealed as an 

independently significant risk factor for CMV-PCR positivity within the first month 

and within the first 6 months after transplantation. Furthermore, CMV-PCR positive 

events within the first month after transplantation demonstrated a significant 

influence on patient survival. Thymoglobulin© and a recipients BMI > 25 kg/m2 

independently and significantly influenced the KDIGO stage of kidney function at 6 

months after transplantation suggesting a potentially useful predictive model 

(AUROC = 0,916). 

Discussion: Patients with compromised pre-transplant renal function with higher 

KDIGO stages and a BMI ≤ 25 kg/m2 profit most from Thymoglobulin© induction 

therapy resulting in the improvement of kidney function 6 months after 
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transplantation. Patients with Thymoglobulin© induction therapy should receive 

CMV-prophylaxis due to the increased associated risk for early CMV-PCR positive 

events. 
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 Introduction 
Liver transplantation (LT) is state of the art for end stage liver disease, including 

chronic liver disease, acute liver failure or hepatocellular carcinoma (HCC) within 

Mazzaferro criteria (1). Since the introduction of liver transplant surgery the survival 

rate of patients following acute liver failure has increased massively, from 10-20% 

to 75-80% after one year (2). 

 

The usage of immunosuppressive drugs after LT is the most important factor for 

preventing graft rejections and consecutive graft loss after transplantation (3). This 

is noticeable in an improvement of patient survival and graft survival after the 

introduction of immunosuppressive agents such as Calcineurin Inhibitors (CNI’s) 

which were first introduced after kidney transplantation (4,5).  

Thus, while patient survival is constantly increasing, long term outcome and long-

term side effects of immunosuppression are nowadays of increasing significance. 

All patients with expected survival rates less than one year without transplantation 

and with a markedly predicted improvement of quality of life after transplantation 

should be evaluated for transplantation (2). 

To determine the importance of liver transplantation and the severity of liver disease 

the Model for End stage Liver Disease (MELD) was introduced to list patients 

according to priority. This system was established in 2002 in the United States. It is 

based on objectively measured parameters such as bilirubin, creatinine and 

international normalized ratio (INR) (6). The MELD-score is a model for predicting 

3-month mortality in patients with end-stage liver diseases. All patients with a score 

≥15 are recommended for being listed for transplantation. A prediction of mortality 

following liver transplantation is only possible with a MELD higher than 35 (7). For 

some indications the MELD system cannot be considered as an adequate scoring 

tool. In those cases, other parameters have to be considered for evaluating and 

prioritizing patients. These exceptional indications contain pulmonary complications 

of cirrhosis, amyloidosis, primary hyperoxaluria, hepatic encephalopathy and 

patients with hepatocellular carcinoma. Patients with hepatocellular carcinoma need 

to receive priority on the waiting list as long as they are within the Mazzaferro criteria. 

To increase the rating score additional, so called match-MELD points, can be added 

according to tumor size, number of nodules, waiting time, response to downstaging 
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therapies and tumor marker level of alpha fetoprotein which is specifically depending 

on national allocation rules (2,8). 

 

Induction therapy after liver transplantation was introduced to decrease the side 

effects of other nephrotoxic immunosuppressive agents including CNI’s. The idea 

was to start with lower doses of CNIs and with later onset after transplant. To bridge 

the time between transplantation and initiation of immunosuppression with 

nephrotoxic drugs, that require blood level monitoring, new medication needed to 

be developed, without setting patients at risk for early graft loss or acute rejection 

episodes.  

As a result, in addition to basic immunosuppression after LT, an antibody-based 

induction therapy has been established. The goal of this induction therapy was to 

decrease rejection episodes after transplantation while being able to delay the 

initiation of immunosuppression with CNI’s, antimetabolites and Steroids (9–11). 

The first use of polyclonal antithymocyte globulin (ATG) which is a rabbit-derived 

antibody, after organ transplantation was first mentioned in the 1960’s.(12). The 

main indications were the prevention and treatment of early graft rejections after 

transplantation (13–17).  

One of the main side effects caused by immunosuppressive agents like CNI’s is the 

impairment of renal function especially during the first days after transplantation. In 

many cases kidney function is compromised due to hepatorenal syndrome emerging 

from end-stage liver disease. Furthermore, surgery and the administered 

medication during and after an operation affects renal function too (18–23).  

 

1.1 ATG/ Thymoglobulin© 

Thymoglobulin© is a T-cell depleting polyclonal antithymocyte antibody. The 

production of Thymoglobulin© is based on the immunization of rabbits with human 

thymocytes. Thymoglobulin© does not focus on a special T-cell line, and according 

to its wide spectrum affecting T-cells and other leukocytes it is also used in the 

therapy of graft versus host diseases in allogeneic hematopoietic stem cell 

transplantation. The depletion of T-cells is based on various mechanisms like 

complement-dependent and cell-mediated functions as well as induced apoptosis 

(24). In this study all patients received as ATG medication Thymoglobulin© 
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The initiation of induction therapy with ATG is seen highly controversial in liver 

transplantation (11). The main worry about the delayed initiation of basic 

immunosuppression is not to set patients at risk for experiencing early acute 

rejection episodes leading to increased graft failure and higher mortality (25).  

 

A trend towards a higher incidence of bacterial and fungal infections in patients with 

ATG induction therapy was apparent in a study investigating ATG induction 

administered intraoperatively during liver transplantation. Due to small case 

numbers the results of this study have to be seen critically (26). 

Based on Thymoglobulin’s© unspecific effects, many different cell lines are affected. 

The most important side effects mentioned in a paper referring on a retrospective 

analysis of intraoperative administration of ATG (26) include cytokine release 

syndromes and hemolytic anemia which may occur during the intraoperative 

administration of ATG. These effects lead to higher intraoperative instability with an 

increased need to transfuse blood products and fresh frozen plasma (26). The 

subsequent hypotension and hyperthermia which were mainly detected in the ATG-

group needed to be treated by crystalloids and catecholamine infusions (26). 

Because Thymoglobulin© also  causes platelet and leukocyte side effects it  

additionally leads to thrombocytopenia and neutropenia what increases the risks for 

fever, sepsis and serum sickness (9,13,27). 

In a small trial the effect of ATG induction therapy versus no ATG induction therapy 

in combination with Steroids and Tacrolimus showed a decrease in alanine 

aminotransferase one day after liver transplantation in the ATG group. A histologic 

improvement was also seen in the ATG induction group (28).  

High dose ATG induction therapy has been suspected to induce post-

transplantation lymphoproliferative diseases (PTLD). According to a more recent 

article which analyzed PTLD development after low dose ATG induction therapy it 

was shown to be unlikely that Thymoglobulin© increases the risk for PTLD 

significantly (29). Nevertheless, it is currently still difficult to explore the exact impact 

of low dose ATG induction therapy on the post-transplant PTLD risk due to the lack 

of long-term follow-up data in prospective observational trials and the fact that there 

is always a multidrug immunosuppression administered (29). 

Due to the above shown potential side effects Thymoglobulin© induction therapy 

after liver transplantation is currently regarded as highly controversial. 
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1.2 Maintenance immunosuppression 

1.2.1 Steroids  

Steroids are commonly used early after transplantation in high dose regimens with 

the goal to avoid early graft rejection. The side effects of Steroids are manifold 

containing steroid-induced diabetes, hypertension, hyperlipidemia and consecutive 

cardiovascular events, increased risk of infections as well as bone loss (30).  

Therefore, ATG induction therapy has been considered to allow steroid sparing or 

steroid-free immunosuppressive regimens during the first days after transplantation 

(30). Steroid-free immunosuppression with ATG induction and Tacrolimus 

monotherapy was performed in a few trials. The results of these trials demonstrated 

a decrease in typical steroid-induced side effects like post-transplant diabetes, 

postoperative Cytomegalo Virus (CMV) infections and a lower viral load of Hepatitis 

C Virus (HCV) in HCV infected patients. The incidence of steroid-requiring rejections 

was also lower while there were no significant disadvantages in the steroid-free 

therapy regimens apparent (31,32). 

1.2.2 Calcineurin Inhibitors 

The first introduction of Calcineurin Inhibitors in combination with Steroids showed 

a great improvement of liver transplantation results (33). After the initiation of 

Calcineurin Inhibitors the number of liver transplantations and the success in regard 

to patient survival was continuously rising (34). After the Calcineurin Inhibitor 

Cyclosporine a new CNI called Tacrolimus (TAC) was introduced in 1989. 

Advantages of Tacrolimus in relation to acute steroid-resistant and chronic 

rejections could be shown in clinical trials while no significant differences in patient 

and graft survival could be observed. However, these trials also demonstrated 

increased drug toxicity in regard to the nephro-, and neurotoxicity and diabetogenic 

side effects of Tacrolimus (35,36). One of the main adverse effects of CNI’s is their 

nephrotoxicity which may lead to renal failure which is associated with higher 

mortality after liver transplantation (18,36–39). 

1.2.3 Antimetabolites 

Azathioprin and Mycophenolate Mofetil (MMF) are the two drugs used in liver 

transplantation patients for immunosuppression. Antimetabolites reduce purine 

synthesis affecting T- and B-cell proliferation. Nowadays Azathioprin is rarely used 

after liver transplantation and the standard antimetabolite in clinical practice is 
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Mycophenolate Mofetil (MMF), which was first established in the late 1990’s as an 

immunosuppressive agent without nephro-, neuro-, and hepatotoxicity and which 

was first implemented after kidney transplantation. In trials it was shown that MMF 

should not be used for primary immunosuppression, while it can help to reduce 

rejection rates when deployed in addition to lower dosed CNIs. Nowadays MMF is 

used routinely in combination with reduced dosages of Steroids and reduced 

dosages of Calcineurin Inhibitors (3,40,41).  

1.2.4 m-Tor Inhibitors 

Everolimus and Sirolimus belong to the group of m-Tor Inhibitors. They affect T- and 

B-Cell proliferation by blockade of IL-2 and IL-15 pathways. Sirolimus was first used 

after renal transplantation and according to studies after liver transplantation it is 

suspected to increase the rate of early hepatic artery thrombosis post-

transplantation with consecutive higher mortality and higher graft loss after 

transplantation (42). M-Tor Inhibitors are used for preventing graft rejection and are 

considered as an alternative to CNIs. Reported dose dependent adverse effects 

include hyperlipidemia, thrombocytopenia, anemia and leukopenia due to reduced 

proliferation of B- and T-Lymphocytes (43–46). The absence of neurotoxicity and 

nephrotoxicity as well as no diabetogenesis makes mTOR inhibitors a favorable 

alternative to Steroids and/or CNIs (43–46). 

1.3 Aim of this Study 

There exist only few studies which investigate ATG induction therapy after liver 

transplantation and its effects on patient survival, graft survival and cancer-free 

survival as well as infective complications and the development of post-transplant 

kidney function. 

At the General, Visceral and Transplant Surgery Department, Transplant Center 

Graz at the Medical University of Graz a low dose ATG induction therapy was used 

after liver transplantation in many patients until April 2017. The controversial nature 

of ATG induction therapy and the lack of published data on ATG induction therapy 

after liver transplantation prompted this study. 

The aim of this retrospective survey is to investigate the benefits and risks of low 

dose ATG induction therapy after liver transplantation.  
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 Patients and Methods 

2.1 Setting  

The setting of this study was provided by the General, Visceral and Transplant 

Surgery Department, Transplant Center Graz at the Medical University of Graz 

which belongs to the Eurotransplant community. A retrospective data set with 

patient data from 1.1.2007 to 31.12.2018 was examined. The study has been 

approved by the ethics committee of Medical University of Graz.  

2.2 Inclusion and Exclusion Criteria 

Figure 1 demonstrates the flow of patients through the study guided by predefined 

inclusion and exclusion criteria. All patients who have received primary liver 

transplantation between 1.1.2007 and 31.12.2018 were included (n=217). Patients 

with additional kidney transplants within the first year and patients with lack of data 

on ATG induction were excluded (n=6, 2.76%). Defining Study Cohort 1 (n = 211) 

which was used to investigate independent influences of ATG induction on patient 

survival, graft survival, cancer-free patient survival and rejection-free graft survival 

as well as CMV infections, urinary tract infections and bronchopulmonary infections 

within the first month after transplantation (n=211). For further analysis all patients 

with lack of data for post-operative KDIGO-stages at 6 months after transplant due 

to death or loss of follow up were excluded (n=31, 14.69%) leading to Study Cohort 

2 (n = 180). Study Cohort 2 (n=180) was used to determine the correlation between 

pre-transplant KDIGO-stages and post-transplant KDIGO-stages at 6 months after 

transplant and to investigate the independent influence of ATG induction on KDIGO 

stage improvement. 
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Figure 1 Shown is the flow of patients through the study 

 
 
 
 
 
 

Primary liver transplants performed at  
Medical University Graz 

between 
01.01.2007 and 31.12.2018 

(n=217) 

Exclude all patients with 
additional kidney transplants 
within the first year and all 

patients with lack of data on ATG 
induction (n=6) 

STUDY COHORT 1 
Determine independent influences of ATG induction 
on patient survival, cancer-free patient survival, 
graft survival, rejection-free graft survival and on 

CMV infections, urinary tract infections and 
bronchopulmonary infections within the first 

month after transplant (n=211) 

Exclude patients with lack of data 
for postoperative KDIGO-stages at 
6 months after transplant (n=31). 

STUDY COHORT 2 
Determine correlation between pre-transplant KDIGO-
stage and post-transplant KDIGO-stage at 6 months 

after transplant (n=180): R = 0.408. 
Determine independent influence of ATG on KDIGO-
stage improvement at 6 months after transplant 

(n=180). 
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2.3 Immunosuppression 

During the first week after liver transplantation, all patients received Thymoglobulin© 

0.5 to 1.0 mg/kg/d for 3-4 days and a Methylprednisolone taper starting with 70 mg 

every 8 hours. Calcineurin Inhibitors (CNIs) were initiated according to kidney 

function on days 1 to 3, and standard trough levels were intended to be reached on 

day 4. Tacrolimus trough levels were between 5 and 8 ng/ml and Cyclosporine 

levels between 100 and 150 ng/ml. From day 7, Prednisolone was given at 15 mg/d 

and was tapered after the first month. Steroids were stopped not later than six 

months after liver transplantation.  MMF was started orally between days 2 and 3 

with target through levels about 1 µg/mL. 

Maintenance therapy consisted of CNIs (preferably with Tacrolimus) and MMF. 

Tacrolimus trough levels were during this period around 5 ng/ml and Cyclosporine 

levels around 100 ng/ml, and MMF target through levels were about 1 µg/mL. 

Reasons to add mTor inhibitors (Everolimus or Sirolimus) to the immunosuppressive 

regimen were renal or neurological impairment, hepatocellular carcinoma as 

indication for liver transplantation, de-novo cancer of any origin or dignity and viral 

hepatitis. Trough levels of mTor inhibitors ranged from 3-5 ng/ml. 

2.4 Definitions of variables 

Bronchopulmonary infections were defined for the purpose of this study as 

bronchitis, pneumonia, ARDS, pneumonitis and events with acute respiratory 

insufficiency treated with antibiotics. 

Urinary tract infections were defined for the purpose of this study by all episodes 

with formal diagnosis of urinary tract infection, positive urine test stripes including 

nitrogen and leukocyte positivity in the urine, as well as positive “Uricult tests”, and 

reported positive responses after antibiotic treatment. 

Kidney graft function was staged into five ordinal Kidney Disease Improving Global 

Outcomes-categories (KDIGO): Stage 1 equals an estimated glomerular filtration 

rate (eGFR) with ≥90 ml/min (normal kidney function); stage 2 with an eGFR 60-89 

ml/min (mildly decreased renal function); stage 3a resembles an eGFR 45-60 ml/min 

and stage 3b an eGFR 30-44 ml/min (moderately decreased kidney function); stage 

4 equals an eGFR 15-29 ml/min (severely decreased renal function); stage 5 equals 
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an eGFR <15 ml/min or dialysis (graft failure) (Stevens, et al., 2013).eGFR values 

were calculated for this staging using the CKD Epi formula as published before (48). 

2.5 Study endpoints 

Primary study endpoints were patient survival, graft survival, cancer-free survival 

and rejection-free graft survival. 

Patient survival was defined as the time in years between transplantation and death 

or date last seen alive. The chosen unit for all survival time analyses in this study 

was years with one decimal. 

In this study graft survival was defined as the time between primary liver 

transplantation and either the first retransplant or patient death in those patients who 

did not receive a retransplant. 

Cancer-free survival was defined as the time between primary liver transplantation 

and either the date of the first diagnosis of malignancy or patient death in those 

patients who were not diagnosed with a malignancy during follow-up. 

Rejection-free graft survival was defined as the time between primary liver 

transplantation and the occurrence of the first rejection episode or graft loss defined 

by either retransplantation or patient death. 

All survivors during follow-up of this study were censored in Kaplan-Meier analyses 

and Cox regression analyses. 

Secondary study end-points were CMV PCR positive episodes within the first month 

(yes/no) and within the first six months after liver transplantation (yes/no), 

bronchopulmonary and/or urinary tract infections within the first month after liver 

transplantation as a combined study-endpoint (yes/no) as well as 

bronchopulmonary infections within the first month after liver transplantation 

(yes/no) and urinary tract infections within the first month after liver transplantation 

(yes/no) after liver transplantation as separate study endpoints. 

Primary and secondary study endpoints were investigated using Study Cohort 1. 

The tertiary study-endpoint was defined as KDIGO stage improvement six months 

after liver transplantation (yes/no) in comparison to individual pre-transplant KDIGO 

stages. 
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2.6 Statistical methods 

The significance of differences in the distribution of categorical variables and 

continuous variables between groups was tested with the Pearson’s Chi2 test and 

the Wilcoxon test, respectively. 

Risk factors for primary survival study endpoints were evaluated in univariable Cox 

regression analysis and in Kaplan-Meier analyses with log rank tests for categorical 

variables. 

Multivariable Cox regression analysis was performed to determine the independent 

influence of ATG induction therapy on primary survival study-endpoints adjusted for 

risk factors with an influence on the respective primary study endpoint in univariable 

Cox regression analysis with p-values <0.200. The results of univariable Cox 

regression analyses are summarized in the Supplementary Tables in the Appendix. 

Univariable binary logistic regression analysis was used to determine the influence 

of variables on all binary secondary and tertiary study-endpoints. Multivariable 

binary logistic regression analysis was used to determine the independent influence 

of ATG induction adjusted for risk factors with an influence on these binary study 

endpoints in the respective univariable logistic regression analyses with p-values 

<0.200. The results of univariable binary logistic regression analyses are 

summarized in the Supplementary Tables in the Appendix. 

ROC-curve analysis was performed to determine the area under the receiver 

operating curve (AUROC) to assess the sensitivity and specificity of the models’ 

predictions of secondary and tertiary binary study-endpoints. AUROCs >0.700 are 

widely regarded as a prerequisite for clinically useful prognostic models (49,50) 

P-values < 0.05 were defined as significant. JMP Pro 13.0 statistics software was 

used to conduct statistical analyses (SAS Institute, Cary, NC, USA). 
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 Results 

3.1 Patients 

Figure 1 shows the flow of patients through the study. A total of 211 patients fulfilled 

the inclusion and exclusion criteria of this study and could be evaluated. 31 patients 

with lack of data for postoperative KDIGO-stages at 6 months after transplant were 

excluded from these 211 patients for the determination of the independent influence 

of ATG on KDIGO-stage improvement at 6 months after transplant patients (see 

Figure 1). The following Table 1 summarizes the distribution of all relevant pre- and 

post-transplant variables in the investigated cohort of 211 patients. 
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Variables Distribution  
Missing values 

(n; %) 
P

re
-t

ra
n
s
p

la
n

t 
v
a

ri
a
b

le
s
 

Gender male (n; %)  170 ; 80.6% 0 ; 0% 

Gender female (n; %) 41 ; 19.4% 0 ; 0% 

Age at transplant (years) (median; range) 58.7 ; 15.2 – 74.8 0 ; 0% 
In

d
ic

a
ti
o

n
s
 

Autoimmune hepatitis (n; %) 6 ; 2.8% 0 ; 0% 

Alcoholic liver disease (n; %) 87 ; 41.2% 0 ; 0% 

Acute liver failure (n; %) 3 ; 1.4% 0 ; 0% 

Hepatitis B virus cirrhosis (n; %) 4 ; 1.9% 0 ; 0% 

Hepatocellular carcinoma (HCC) (n; %) 44 ; 20.9% 0 ; 0% 

Hepatitis C virus cirrhosis (n; %) 10 ; 4.7% 0 ; 0% 

Hepatitis C virus cirrhosis + HCC (n; %) 28 ; 13.3% 0 ; 0% 

Primary sclerosing cholangitis (n; %) 8 ; 3.8% 0 ; 0% 

Secondary sclerosing cholangitis (n; %) 6 ; 2.8% 0 ; 0% 

Other (n; %) 15 ; 7.1% 0 ; 0% 

Height (m) (median; range) 1.76 ; 1.33 – 1.97 0 ; 0% 

Weight (kg) (median; range) 80 ; 40 – 122 1 ; 0.47% 

BMI (kg/m²) (median; range) 25.4 ; 16.4 – 43.7 1 ; 0.47% 

K
id

n
e
y
 

fu
n

c
ti
o

n
 

KDIGO stage I (n; %) 86 ; 41.0% 

1 ; 0.47% 

KDIGO stage II (n; %) 86 ; 41.0% 

KDIGO stage IIIa (n; %) 22 ; 10.5% 

KDIGO stage IIIb (n; %) 11 ; 5.2% 

KDIGO stage IV (n; %) 3 ; 1.4% 

KDIGO stage V (n; %) 2 ; 1.0% 

Donor CMV IgG pos (n; %) 99 ; 47.6% 3 ; 1.4% 

Recipient CMV IgG pos (n; %) 136 ; 65.1% 2 ; 0.95% 

P
o

s
t-

tr
a
n

s
p
la

n
t 

v
a
ri

a
b
le

s
 

Im
m

u
n

o
s
u

p
p

re
s
s
io

n
 Induction with Basiliximab (n; %) 6 ; 2.9% 1 ; 0.47% 

Induction with ATG (n; %) 131 ; 62.1% 0 ; 0% 

Induction with ALG (n; %) 12 ; 5.7% 0 ; 0% 

Cyclosporine A (n; %) 41 ; 19.5% 1 ; 0.47% 

Tacrolimus (n; %) 197 ; 93.8% 1 ; 0.47% 

Mycophenolate Mofetil (n; %) 203 ; 96.7% 1 ; 0.47% 

Azathioprin (n; %) 4 ; 1.9% 1 ; 0.47% 

Everolimus (n; %) 76 ; 36.2% 1 ; 0.47% 

Sirolimus (n; %) 44 ; 21.0% 1 ; 0.47% 

De novo cancer (n; %) 26 ; 12.4% 1 ; 0.47% 

In
fe

c
ti
o

n
s
 

Urinary tract infection within 1st month (n; %) 18 ; 8.5% 0 ; 0% 

Bronchopulmonary infection within 1st month (n; %) 34 ; 16.1% 0 ; 0% 

Post-Tx CMV PCR + within 1st  month (n; %) 48 ; 22.7% 0 ; 0% 

CMV positive episodes (median, range) 0 ; 0 – 6 0 ; 0% 

Subsequent Re-Tx (n; %) 7 ; 3.3% 0 ; 0% 

Number of deaths (n; %) 52 ; 24.6% 0 ; 0% 

Kaplan-Meier: Estimated 1-year survival (%) 84.2% 0% 

Kaplan-Meier: Estimated 1-year graft survival (%) 82.7% 0% 

 

Table 1 Shown is the distribution of variables in the investigated cohort (n = 211) 
and the frequencies and percentages of missing values. Displayed data on 
immunosuppression indicates types of drugs administered during anytime follow-
up after transplantation which may be temporary.  
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Figure 2 shows the distribution of the number of patients with ATG induction therapy 

versus without ATG induction therapy separated per year from 2007 to 2018. 

 

 
 
Figure 2 Shown is the distribution between ATG induction versus No-ATG 
induction therapy separated per year. Case numbers per year are reflected by the 
width of the bars for each year in which the investigated primary transplants were 
performed. 
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3.2 Comparison of ATG induction versus no ATG induction 

Table 2 summarizes the statistical significance of differences in the distribution of 

pre- and post-transplant variables between those patients who were treated with 

ATG induction therapy (n = 131) versus those who did not receive any ATG 

induction (n = 88). Significant differences could only be detected for the distribution 

of the indication hepatocellular carcinoma (16.0 % with ATG versus 28.8 % without 

ATG, p = 0.027), induction with ALG (0.0% with ATG versus 15.0% without ATG, p 

= <0.001), immunosuppression with Everolimus (42.7% with ATG versus 25.3% 

without ATG , p = 0.011), immunosuppression with Sirolimus (26.7 with ATG 

induction versus 11.4% without ATG, p = 0.008), post-transplant de novo cancer 

(16.0% with ATG versus 6.3% without ATG, p = 0.039), and post-transplant CMV 

PCR positive episodes within the first month (31.3% with ATG versus 8.8% without 

ATG, p < 0.001) (Table 2). 

Variables 
ATG  

Induction (n=131) 
No ATG 

Induction (n=80) 
p-value* 

P
re

-t
ra

n
s
p
la

n
t 
v
a
ri
a

b
le

s
 

Gender male (n; %)  104 ; 79.4% 66 ; 82.5% 0.580 

Gender female (n; %) 27 ; 20.6% 14 ; 17.5% 0.580 

Age at transplant (years) (median; range) 58.0 ; 18.1 – 74.7 59.7 ; 15.2 – 74.8 0.212 

In
d
ic

a
ti
o

n
s
 Alcoholic liver disease (n; %) 55 ; 42.0% 32 ; 40.0% 0.776 

Hepatitis C virus cirrhosis + HCC (n; %) 20 ; 15.3% 8 ; 10.0% 0.274 

Viral liver cirrhosis (n; %) 9 ; 6.9% 5 ; 6.3% 0.861 

Hepatocellular carcinoma (HCC) (n; %) 21 ; 16.0% 23 ; 28.8% 0.027 

Other (n; %) 26 ; 19.8% 12 ; 15.0% 0.374 

Height (m) (median; range) 1.76 ; 1.52 – 1.97 1.75 ; 1.33 – 1.94 0.923 

Weight (kg) (median; range) 77.5 ; 40 – 122 80 ; 48 – 108 0.484 

BMI (kg/m²) (median; range) 25.4 ; 16.4 – 43.7 25.4 ; 17.6 – 33.7 0.536 

K
id

n
e
y
 

fu
n
c
ti
o

n
 

KDIGO stage I (n; %) 46 ; 35.1% 40 ; 50.6% 

0.228 

KDIGO stage II (n; %) 57 ; 43.5% 29 ; 36.7% 

KDIGO stage IIIa (n; %) 16 ; 12.2% 6 ; 7.6% 

KDIGO stage IIIb (n; %) 8 ; 6.1% 3 ; 3.8% 

KDIGO stage IV (n; %) 3 ; 2.3% 0 ; 0% 

KDIGO stage V (n; %) 1 ; 0.8% 1 ; 1.3% 

Donor CMV IgG pos (n; %) 57 ; 44.2% 42 ; 53.2% 0.208 

Recipient CMV IgG pos (n; %) 87 ; 66.4% 49 ; 62.8% 0.598 

P
o
s
t-

tr
a
n
s
p
la

n
t 
v
a
ri
a

b
le

s
 

Im
m

u
n
o
s
u
p
p
re

s
s
io

n
 Induction with Basiliximab (n; %) 5 ; 3.8% 1 ; 1.3% 0.282 

Induction with ALG (n; %) 0 ; 0% 12 ; 15.0% <0.001 

Cyclosporine A (n; %) 28 ; 21.4% 13 ; 16.5% 0.384 

Tacrolimus (n; %) 125 ; 95.4% 72 ; 91.1% 0.212 

Mycophenolate Mofetil (n; %) 129 ; 98.5% 74 ; 93.7% 0.060 

Azathioprin (n; %) 4 ; 3.1% 0 ; 0% 0.117 

Everolimus (n; %) 56 ; 42.7% 20 ; 25.3% 0.011 

Sirolimus (n; %) 35 ; 26.7% 9 ; 11.4% 0.008 

De novo cancer (n; %) 21 ; 16.0% 5 ; 6.3% 0.039 

Urinary tract infection within first month (n; %) 10 ; 7.6% 10 ; 12.5% 0.551 

Bronchopulmonary infection within first month (n; %) 24 ; 18.3% 8 ; 10.0% 0.264 

Post-Tx CMV PCR + within first month (n; %) 41 ; 31.3% 7 ; 8.8% <0.001 

Subsequent Re-Tx (n; %) 3 ; 2.3% 4 ; 5.0% 0.286 

Table 2 Shown is the distribution of variables between those patients who were 
treated with ATG versus those who did not receive ATG (* Chi² test for nominal 
variables, Wilcoxon test for continuous variables). 
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3.3 Influence of ATG on primary study endpoints 

3.3.1 Influence of ATG on patient survival 

Kaplan-Meier analysis revealed that ATG had no statistically significant influence on 

patient survival (log rank test: p=0.737) (Figure 3a). 

 

 
 

Figure 3a Shown is the influence of ATG induction (dotted line, n=131) versus no 
ATG induction (straight line, n=80) on patient survival (Kaplan-Meier analysis, log 
rank test: p=0.737). 

 

Supplementary Table 1 in the Appendix summarizes the results of univariable Cox 

regression analysis to determine the impact of investigated variables on patient 

survival. Multivariable Cox regression analysis adjusted for ATG induction therapy 

demonstrated that higher pre-transplant KDIGO stages (I-V) are an independent risk 

factor for early death after transplantation (hazard ratio = 1.369, 95%-CI = 1.077-

1.700, p = 0.012) while a donor CMV IgG positive status was identified as an 

independent protective factor for early death after transplantation (hazard ratio = 

0.464, 95%-CI = 0.245-0.841, p = 0.011). This multivariable analysis further 

revealed that ATG induction treatment has no independent significant influence on 

early death after transplantation (hazard ratio = 0.917, 95%-CI = 0.493-1.791, p = 

0.791) (see Table 3). 
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Variables Hazard ratio 95% - CI p-value 

KDIGO stage (I-V) 1.369 1.077-1.700 0.012 

Donor CMV IgG pos (yes/no) 0.464 0.245-0.841 0.011 

Induction with ATG (yes/no) 0.917 0.493-1.791 0.791 

 

Table 3 Shown are the results of multivariable Cox regression analysis to determine 
the independent influence of ATG induction on early death after transplantation 
adjusted for risk factors with an influence on patient survival in univariable Cox 
regression analysis with p-values <0.200 (see Supplementary Table 1 in the 
Appendix). Variables with independent significant influences are marked in bold 
letters (p<0.050). 

 

3.3.2 Influence of ATG on graft survival 

Kaplan-Meier analysis revealed that ATG had no statistically significant influence on 

graft survival (log rank test: p=0.539) (Figure 3b). 

 

 
 
Figure 3b Shown is the influence of ATG induction (dotted line, n=131) versus no 
ATG induction (straight line, n=80) on graft survival (Kaplan-Meier analysis, log rank 
test: p=0.539).  
 

 

Supplementary Table 2 in the Appendix summarizes the results of univariable Cox 

regression analysis to determine the impact of investigated variables on graft 

survival. Adjusted multivariable Cox regression analysis revealed that the combined 

indication of Hepatitis C virus cirrhosis with Hepatocellular Carcinoma (hazard ratio 
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= 2.033, 95-%CI = 0.981-3.890, p = 0.041) and higher pre-transplant KDIGO stages 

(hazard ratio = 1.329, 95-%CI = 1.039-1.660, p = 0.017) were independently 

significant risk factors for early graft loss after transplantation. In this analysis a 

donor CMV IgG positive status (hazard ratio = 0.557, 95-%CI = 0.306-0.982, p = 

0.048) was an independently significant protective factor for early graft loss after 

transplantation adjusted for ATG induction therapy (see Table 4). 

 
Variables Hazard ratio 95% - CI p-value 

Hepatitis C virus cirrhosis + HCC (yes/no) 2.033 0.981-3.890 0.041 

KDIGO stage (I-V) 1.329 1.039-1.660 0.017 

Donor CMV IgG pos (yes/no) 0.557 0.306-0.982 0.048 

Induction with ATG (yes/no) 0.808 0.445-1.527 0.495 

 

Table 4 Shown are the results of multivariable Cox regression analysis to determine 
the independent influence of ATG induction on early graft loss after transplantation 
adjusted for risk factors with an influence on early graft loss in univariable Cox 
regression analysis with p-values <0.200 (see Supplementary Table 2 in the 
Appendix). Variables with independent significant influences are marked in bold 
letters (p<0.050). 

3.3.3 Influence of ATG on cancer-free survival 

Kaplan-Meier analysis revealed that ATG had no statistically significant influence on 

patient survival (log rank test: p=0.737), graft survival (log rank test: p=0.539) and 

cancer-free survival (log rank test: p=0.946) (Figure 3c). 

 

 
Figure 3c Shown is the influence of ATG induction (dotted line, n=131) versus no 
ATG induction (straight line, n=80) on cancer-free survival (Kaplan-Meier analysis, 
log rank test: p=0.946). 



 

 18 

 

Supplementary Table 3 in the Appendix summarizes the results of univariable Cox 

regression analysis to determine the impact of investigated variables on cancer-free 

survival. Multivariable Cox regression analysis adjusted for ATG induction therapy 

detected higher KDIGO stages (hazard ratio = 1.332, 95-%CI = 1.069-1.630, p = 

0.012) as an independently significant risk factor for cancer-free survival after 

transplantation while a donor CMV IgG positive status (hazard ratio = 0.714, 95%-

CI = 0.433-1.160, p = 0.175) was identified as an independent protective factor after 

adjustment for ATG induction (Table 5). 

 
Variables Hazard ratio 95% - CI p-value 

Pseudometric KDIGO stage (1-6) 1.332 1.069-1.630 0.012 

Donor CMV IgG pos (yes/no) 0.714 0.433-1.160 0.175 

Induction with ATG (yes/no) 1.006 0.580-1.826 0.985 

 

Table 5 Shown are the results of multivariable Cox regression analysis to determine 
the independent influence of ATG induction on cancer-free survival after 
transplantation adjusted for risk factors with an influence on cancer-free survival in 
univariable logistic regression analysis with p-values <0.200  (see Supplementary 
Table 3 in the appendix). Variables with independent significant influences are 
marked in bold letters (p<0.050). 

 

 

3.3.4 Influence of ATG on rejection-free graft survival 

Kaplan-Meier analysis showed that higher numbers of rejection episodes during 

follow-up decreased patient survival significantly (log rank test: p < 0.001) (Figure 

3d). As soon as there was one rejection episode apparent survival decreased 

significantly. 
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Figure 3d Shown is the significant influence of the number of rejection episodes 
during follow-up on rejection free graft survival [straight black line = 0 episodes 
(n=171, 81.0%), dotted black line = 1 episode (n=30, 14.2%), straight grey line = 2 
episodes (n=8, 3.8%), dotted grey line ≥ 3 episodes (n=2, 0.1%)] after liver 
transplantation (log rank test: p < 0.001). 

 
Kaplan-Meier analysis revealed no significant influence of ATG induction therapy on 

rejection-free graft survival (log rank test: p = 0.920) (Figure 3e). 

 

 
Figure 3e Shown is the influence of ATG on rejection-free graft survival (dotted 
line = ATG; straight line = no ATG induction therapy) (log rank test: p = 0.920). 
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Supplementary Table 4 in the Appendix summarizes the results of univariable Cox 

regression analysis to determine the impact of investigated variables on rejection-

free graft survival. Multivariable Cox regression analysis adjusted for ATG induction 

therapy identified higher pre-transplant KDIGO stages (hazard ratio = 1.268, 95%-

CI = 1.023-1.548, p = 0.031) as an independently significant risk factor for rejection-

free graft survival after liver transplantation. In contrast, a donor positive CMV status 

combined with a recipient negative CMV status (hazard ratio = 0.427, 95%-CI = 

0.173-0.914, p = 0.027) was determined as a protective factor for rejection-free graft 

survival. 

 
 

Variables Hazard ratio 95% - CI p-value 

Age at transplant (years) 0.981 0.958-1.005 0.111 

Alcoholic liver disease (yes/no) 0.739 0.416-1.314 0.301 

Viral liver cirrhosis (yes/no) 1.958 0.801-4.318 0.133 

Other (yes/no) 1.140 0.526-2.391 0.734 

KDIGO stage (I-V) 1.268 1.023-1.548 0.031 

D- / R+ 1.368 0.833-2.244 0.214 

D+ / R- 0.427 0.173-0.914 0.027 

Induction with ATG (yes/no) 0.795 0.482-1.338 0.381 

 

Table 6 Shown are the results of multivariable Cox regression analysis to determine 
the independent influence of ATG induction on rejection-free graft survival 
after transplantation adjusted for risk factors with an influence on early graft loss in 
univariable Cox regression analysis with p-values <0.200 (see Supplementary Table 
4 in the Appendix). Variables with independent significant influences are marked in 
bold letters (p<0.050). 
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3.4 Influence of ATG on secondary study endpoints 

3.4.1 Influence of ATG on post-transplant infections  

The only identified independently significant risk factor for urinary tract and/or 

bronchopulmonary infections within the first month after transplantation adjusted for 

ATG induction were high BMI values > 25 kg/m² (odds ratio = 0.418, 95%-CI = 

0.212-0.824, p = 0.010) (see Table 7). 

 
Variables Odds ratio 95% - CI p-value 

Hepatocellular carcinoma (HCC) (yes/no) 0.512 0.195-1.343 0.155 

BMI > 25 kg/m² (yes/no) 0.418 0.212-0.824 0.010 

Induction with ALG (yes/no) 0.248 0.029-2.144 0.143 

Induction with ATG (yes/no) 1.052 0.510-2.172 0.890 

 

Table 7 Shown are the results of a multivariable binary logistic regression analysis 
to determine the independent influence of ATG induction on urinary tract and/or 
bronchopulmonary infections within the first month after transplant adjusted 
for risk factors with an influence on this endpoint in univariable logistic regression 
analysis with p-values < 0.200 (Supplementary Table 5 in the Appendix). Variables 
with independent significant influences are marked in bold letters (p<0.050). 
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ROC-curve analysis of the final adjusted multivariable logistic regression model 

demonstrated an AUROC = 0.653 for the prediction of urinary tract and/ or 

bronchopulmonary infections within the first month after transplantation in a cohort 

of 211 patients (Figure 4). 

 

 
Figure 4 Shown is the result of ROC-curve analysis of the final multivariable logistic 
regression model for the prediction of urinary tract and/or bronchopulmonary 
infections within the first month in 211 patients after liver transplantation 
(AUROC=0.653). 
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Kaplan-Meier analysis revealed that a urinary tract and/ or bronchopulmonary 

infection within the first month after transplantation reduces long term patient 

survival significantly (log rank test: p = 0.029) (Figure 5a).  

 

 
Figure 5a Shown is the significant influence of urinary tract and/or 
bronchopulmonary infections within the first month (dotted line, n = 49) versus 
no urinary tract and/or bronchopulmonary infections within the first month 
(straight line, n = 162) on patient survival after liver transplantation (log rank test: p 
= 0.029). 
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Kaplan-Meier analysis showed that patient survival is not significantly influenced by 

urinary tract infections within the first month after transplantation (log rank test: p = 

0.877) (Figure 5b). 

 

 
Figure 5b Shown is the significant influence of urinary tract infections within the 
first month (dotted line, n = 18) versus no urinary tract infections within the first 
month (straight line, n = 193) on patient survival after liver transplantation (log rank 
test: p = 0.877). 
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Bronchopulmonary infections within the first month after transplantation reduced 

patient survival significantly as identified in Kaplan-Meier analysis (log rank test: p 

< 0.001) (Figure 5c). 

 

 
Figure 5c Shown is the significant influence of bronchopulmonary infections 
within the first month (dotted line, n = 34) versus no bronchopulmonary 
infections within the first month (straight line, n = 177) on patient survival after 
liver transplantation (log rank test: p < 0.001). 
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3.4.2 Influence of ATG on post-transplant CMV PCR positive episodes  

Multivariable binary logistic regression analysis adjusted for ATG induction therapy 

showed that a CMV negative donor combined with a CMV negative recipient status 

(odds ratio = 0.070, 95-%CI = 0.009-0.548, p <0.001) is an independently significant 

protective factor against CMV PCR positive episodes within the first month after 

transplantation. In contrast, ATG induction therapy was an independently significant 

risk factor for CMV PCR positive episodes within the first month after transplantation 

(odds ratio = 6.160, 95%-CI = 2.410-15.741, p < 0.001) (Table 8). 

 

Variables Odds ratio 95% - CI p-value 

P
re

-

tr
a

n
s
p

la
n
t 

v
a

ri
a
b

le
s
 Hepatocellular carcinoma (HCC) (yes/no) 0.940 0.369-2.400 0.897 

BMI < 19 kg/m² (yes/no) 3.452 0.687-17.331 0.132 

D- / R- 0.070 0.009-0.548 <0.001 

D+ / R+ 1.187 0.561-2.512 0.655 

Induction with ATG (yes/no) 6.160 2.410-15.741 <0.001 

 

Table 8 Shown are the results of a multivariable binary logistic regression analysis 
to determine the independent influence of ATG induction and of all possible donor 
CMV IgG and recipient CMV IgG combinations on CMV PCR positive episodes 
within the first month after transplant adjusted for risk factors with an influence 
on this endpoint in univariable logistic regression analysis with p-values <0.200 (see 
Supplementary Table 6 in the Appendix). Variables with independent significant 
influences are marked in bold letters (<0.050). 
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ROC-curve analysis of the final adjusted multivariable logistic regression model 

demonstrated an AUROC = 0.756 for the prediction of CMV PCR positive episodes 

within the first month after transplantation with high sensitivity and specificity (Figure 

6). 

 

 
Figure 6 Shown is the result of ROC-curve analysis of the final multivariable logistic 
regression model for the prediction of CMV PCR positive episodes within the first 
month in 211 patients after liver transplantation (AUROC=0.756). 
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Kaplan-Meier analysis demonstrated that CMV PCR positive episodes within the 

first month after transplantation had a significant influence on patient survival (log 

rank test: p = 0.029) (see Figure 7). 

 

 
Figure 7 Shown is the significant influence of CMV PCR positive episodes within 
the first month (dotted line, n = 48) versus no CMV PCR positive episodes 
within the first month (straight line, n = 163) on patient survival after liver 
transplantation (log rank test: p = 0.029). 
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Multivariable binary logistic regression analysis adjusted for ATG induction 

determined the combination of donor negative CMV status with recipient negative 

CMV status (odds ratio = 0.145, 95%-CI = 0.040-0.521, p < 0.001), as an 

independently significant protective factor against CMV PCR positive episodes 

within the first 6 months after transplantation. A donor positive CMV status combined 

with a recipient positive CMV status (odds ratio = 2.269, 95%-CI = 1.138-4.524, p = 

0.019)  was revealed being an independently significant risk factor for CMV PCR 

positive episodes within the first 6 month after transplantation as well as the 

induction therapy with ATG (odds ratio = 3.607, 95%-CI = 1.779-7.314, p < 0.001) 

had an independently significant negative influence on the emergence of CMV 

positive episodes within the first 6 months after transplant (Table 9).  

 
Variables Odds ratio 95% - CI p-value 

P
re

-t
ra

n
s
p

la
n

t 

v
a

ri
a
b

le
s
 

Gender female (yes/no) 1.494 0.669-3.338 0.327 

Hepatocellular carcinoma (HCC) (yes/no) 0.725 0.313-1.677 0.448 

KDIGO stage (I-V) 1.209 0.875-1.671 0.250 

D- / R- 0.145 0.040-0.521 <0.001 

D+ / R+ 2.269 1.138-4.524 0.019 

Induction with ATG (yes/no) 3.607 1.779-7.314 <0.001 

 

Table 9 Shown are the results of multivariable binary logistic regression analysis to 
determine the independent influence of ATG induction on CMV PCR positive 
episodes within the first 6 months after transplant adjusted for risk factors with 
an influence on this endpoint in univariable logistic regression analysis with p-values 
<0.200 (see Supplementary Table 7 in the Appendix) Variables with independent 
significant influences are marked in bold letters (<0.050). 
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ROC-curve analysis of the final adjusted multivariable logistic regression model 

demonstrated an AUROC = 0.764 for the prediction of CMV PCR positive episodes 

within the first 6 months after transplantation (Figure 8). 

 

 
Figure 8 Shown is the result of ROC-curve analysis of the final multivariable logistic 
regression model for the prediction of CMV PCR positive episodes within the first 
6 months after transplant in 211 patients after liver transplantation 
(AUROC=0.764). 

 

3.4.3 Influence of ATG on KDIGO-stage improvement 

Multivariable binary logistic regression analysis adjusted for ATG induction therapy 

identified a BMI > 25 kg/m² (odds ratio = 0.297, 95%-CI = 0.092-0.966, p = 0.036) 

as an independently significant risk factor for lower or no KDIGO stage improvement 

within the first 6 months after transplantation. In this analysis patients with higher 

pre-transplant KDIGO stages (odds ratio = 3.746, 95%-CI = 2.146-6.537, p = 

<0.001) were at an independently and significantly increased odds for larger KDIGO 

stage improvement within the first 6 months after transplantation. Furthermore, ATG 

induction therapy (odds ratio = 3.636, 95%-CI = 0.934-14.161, p = 0.043) showed 

in this analysis an independently significant influence on larger KDIGO stage 

improvement 6 months after transplantation (Table 10). 
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Variables Odds ratio 95% - CI p-value 

P
re

-t
ra

n
s
p

la
n
t 

v
a
ri
a
b

le
s
 

Gender female (yes/no) 1.306 0.407-4.190 0.656 

BMI > 25 kg/m² (yes/no) 0.297 0.092-0.966 0.036 

BMI < 19 kg/m² (yes/no) 2.378 0.344-16.471 0.395 

KDIGO stage (I-V) 3.746 2.146-6.537 <0.001 

Donor CMV IgG pos (yes/no) 0.709 0.241-2.087 0.532 

Recipient CMV IgG pos (yes/no) 1.494 0.436-5.122 0.516 

Induction with ATG (yes/no) 3.636 0.934-14.161 0.043 

 

Table 10 Shown are the results of a multivariable binary logistic regression analysis 
to determine the independent influence of ATG induction on KDIGO-stage 
improvement 6 month after transplantation adjusted for risk factors with an 
influence on this endpoint in univariable logistic regression analysis with p-values 
<0.200 (see Supplementary Table 8 in the Appendix). Variables with independent 
significant influences are marked in bold letters (p<0.050). 

 

 

ROC-curve analysis of the final multivariable logistic regression model shows high 

sensitivity and specificity for the prediction of KDIGO stage improvement 6 months 

after liver transplantation (AUROC=0.916) (Figure 9). 

 

 

Figure 9 Shown is the result of ROC-curve analysis of the final multivariable logistic 
regression model for the prediction of KDIGO-stage improvement in 180 patients 
6 months after liver transplantation (AUROC=0.916). 
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3.4.4 Influence of ATG on Tacrolimus levels 3 months after 
transplantation 

 

The blood level of Tacrolimus 3 months after transplantation was determined to be 

significantly lower in patients with low-dose ATG-induction therapy. The two-sided 

Wilcoxon test showed a high significance (p<0.001).  

 

 

Figure 10 Shown is box plot of Tacrolimus levels 3 months after transplantation with 
low-dose ATG induction therapy versus without ATG induction therapy. 170 patients 
(80.6%) from Study Cohort 1 (n=211) were investigated due to known Tacrolimus 
levels. 
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 Discussion 

4.1 Principle findings 

4.1.1 Effects of ATG induction therapy 

 

This study shows that low-dose ATG induction therapy is safe in regard to patient 

survival, graft survival and cancer-free survival. It is noteworthy that ATG had no 

significant influence on rejection-free graft survival in this study. 

 

ATG increased the risk for CMV-PCR positive episodes within the first month and 

within the first six months after transplantation independently and significantly, 

whereas a Donor and Recipient CMV IgG negative status (D-/R-) was shown to be 

an independently significant protective factor. As shown in this study, a CMV-PCR 

positive episode within the first month after transplantation decreases patient 

survival significantly during follow up. These findings strongly suggest the 

requirement of CMV prophylaxis in patients treated with ATG induction therapy. 

 

Low-dose ATG induction therapy showed an independently significant influence on 

KDIGO stage improvement within the first 6 months after transplantation compared 

to pre-transplant KDIGO stages. This effect is significantly greater in those patients 

with higher pre-transplant KDIGO stages and in patients with BMI values ≤ 25 kg/m² 

as shown in multivariable regression analysis. This result implies that patients with 

higher pre-transplant KDIGO stages and BMI values ≤ 25 kg/m² profit most from 

ATG induction therapy. 

 

Moreover, the logit of this multivariable logistic regression model was able in this 

study to predict the improvement of renal function within the first 6 months with high 

sensitivity and specificity (AUROC = 0,916) implicating a potentially useful clinical 

prognostic model which requires external validation before it is introduced into 

clinical practice. 

 

The most likely causal explanation for these observations on improved kidney 

function in those patients with ATG induction lies in the observed fact that they had 
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significantly lower Tacrolimus blood levels 3 months after transplantation which is 

known to be associated with lower nephrotoxicity (51–53). 

 

4.1.2 Other relevant factors for patient’s prognosis 

Higher pre-transplant KDIGO-stages were identified as an independently significant 

risk factor for rejection-free graft survival, patient survival, early graft loss and 

cancer-free survival. 

 

Donor CMV IgG positivity and recipient CMV IgG negativity were revealed as 

independently significant protective factors for rejection free graft survival. A donor 

CMV IgG positive status was identified as an independently significant protective 

factor for patient survival and graft survival. It is interesting to note, that a similar 

influence of the donor CMV IgG-Status on graft survival was published recently. 

(54).  

This study demonstrates unsurprisingly that a donor and recipient CMV IgG 

negative status are independent significant protective factors against CMV-positive 

episodes during the first month and the first 6 months after transplantation. In 

contrast a donor and recipient CMV-IgG positive status were identified as 

independent significant risk factors for CMV-PCR positive episodes during the first 

6 months after transplantation. 

 

The combined indication of Hepatitis C Virus induced cirrhosis with hepatocellular 

carcinoma was identified as an independently significant risk factor for early graft 

loss after transplantation.  

As expected, higher numbers of rejection episodes during follow-up are shown here 

to decrease patient survival significantly. 

BMI values > 25kg/m² independently increased the risk for post-transplant 

bronchopulmonary and/ or urinary tract infections. Patients who had a 

bronchopulmonary infection within the first month after transplantation showed a 

significantly reduced patient survival during follow up.  
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4.2 Methodological Limitations 

The most relevant limitations of this study lie in the retrospective and unicenter 

nature of the investigation and the comparatively low number of investigated cases. 

Therefore, a major center bias cannot be ruled out in this study. A further relevant 

limitation is, that relevant factors for prognosis may either not yet be known and/or 

were not available for retrospective analysis. 

Unfortunately, the follow-up time is unequally split between the ATG and no-ATG 

induction groups. ATG was mainly used before 2017 and so the follow-up time of 

these patients is longer than in those patients, who did not receive ATG induction 

therapy. For this reason, we decided to investigate for most end-points follow-up 

periods of 1 month and 6 months after transplantation, which allowed the analysis 

of nearly all included patients. The validity for patient survival, graft survival, cancer-

free survival and rejection free survival is therefore restricted due to the dissimilar 

follow up times of the induction group versus the non-induction group. 

Further the number of transplantations per year increased since 2017 significantly 

(Figure 2), and so most transplantations were performed during the last 2 years of 

this study. 

In order to limit the effects of overfitting in multivariable regression we decided to 

include those variables into multivariable regression modelling which demonstrated 

p-values <0.200 in univariable regression analysis plus ATG induction (yes/no), 

because this variable is the focus of this study. This approach is established and 

labeled as purposeful selection of covariates in multiple regression analysis as 

described before. (55) 

Some variables were only positive for a small percentage of analyzed patients as 

shown in Table 2. Therefore, the validity of those analyses that are based or rely on 

these variables are likely limited in their validity. Therefore, such variables were 

excluded from analysis which may have had an influence on the results of 

multivariable regression analysis. 

Due to small case numbers of some liver transplant indications we grouped all 

indications with case numbers <4 in the group labeled as “Others”. This subgroup 

included Alpha-1 Antitrypsin Deficiency (AAT-deficiency), liver-trauma, non-

alcoholic steatohepatitis, primary biliary cirrhosis, Budd-Chiary syndrome, cystic 

liver diseases, primary sclerosing cholangitis, secondary sclerosing cholangitis, 



 

 36 

autoimmune hepatitis and acute liver failure. This grouping decision may be 

controversial. 

ALG-induction therapy was used in the cohort analyzed in this study before the 

introduction of ATG-induction therapy. In this study we investigated 12 patients with 

ALG induction therapy and grouped them into the group without ATG-induction 

therapy. Due to the fact that ATG and ALG are similar medications with similar 

effects this decision may introduce certain bias, which is in our view likely negligible 

due to small case numbers. 

All patients received Prograf©, which contains the active component Tacrolimus in 

combination with Cellcept©, which contains the active component MMF and 

Corticosteroids as first line therapy maintenance immunosuppression after 

transplantation. As an exceptional treatment, HCV positive patients received 

Cyclosporine A, Cellcept© (MMF) and Corticosteroids as standard treatment. These 

differences in maintenance immunosuppression may have introduced a further bias. 

4.3 Comparison with previous work 

As reported before the delayed onset of immunosuppression can be considered as 

safe and effective while patients are receiving ATG induction therapy (16,56–59). 

The results of our study confirm the value of this previously published approach. 

4.3.1 Survival rates 

There are only few studies on patient and graft survival in relation to induction 

therapy. In an analysis with 60.000 patients a significantly higher patient and graft 

survival rate was detected 5 years after transplantation in patients who received an 

induction therapy of any type. This ameliorated survival rate was significant within 

the first year after transplantation and remained almost the same percentage during 

follow up. This finding indicated an early benefit of induction therapy after 

transplantation (60). In another analysis with fewer case numbers there was no 

significant difference shown in patient and graft survival after induction therapy of 

any type versus no induction therapy. Only a trend towards improved graft survival 

rates could be shown (61). Due to high risk of bias, limited case numbers and lack 

of follow-up time in this previously published study and the mix of different induction 

therapies in the aforementioned previous studies no finally conclusive evidence on 

the value of ATG induction therapy after liver transplantation could be derived .This 

was the reason why we conducted the present study. Patient survival or graft 
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survival rates might differ in future investigations because of longer follow up time. 

Nevertheless, it is possible to say that ATG induction therapy does not harm patients 

or graft survival during the first months and years after transplantation. Late effects 

might emerge in the future but cannot be predicted at that time.  

4.3.2 Cancer free survival 

Because of its effects in depleting immunoregulatory cells many 

immunosuppressive agents are suspected to increase the rate of post-transplant 

lympho-proliferative diseases (PTLD). Immunosuppression with CNI showed an 

increased risk for developing PTLD and especially Non-Hodgkin lymphomas (NHL), 

so the initiation of immunosuppression with induction therapy and delayed onset 

and lower dosage of CNI’s after transplantation needs to be evaluated if it decreases 

the risk for PTLD (62–64). Tacrolimus increases the risk for PTLD significantly after 

heart transplantation in pediatric patients compared with Cyclosporine 

administration alone (65). MMF does not seem to increase the risk for PTLD after 

kidney transplantation (66). Especially during the 1980s and 1990s when OKT3 was 

routinely used as induction therapy the rate of PTLDs was elevated. Since the late 

1990s thymocyte depleting medication like ATG was used as a standard regimen in 

induction therapy after solid organ transplantations (67–69). The influence of ATG 

induction therapy on lymphoproliferative diseases is described as controversial. 

The investigation in our study derives limited results for cancer-free survival or the 

evolution of PTLD due to different follow-up times of the two cohorts with and without 

ATG induction. The genesis of cancer or PTLD usually takes time and does not 

emerge within one year so this data needs to be seen critically and further 

investigation after longer follow-up needs to be undertaken. According to a more 

recent study the new regimen and lower dosages of immunosuppression does not 

markedly increase the risk for PTLD (29). 

During the period of 2004-2013 a study of induction therapy after kidney 

transplantation evaluated the incidence of Non-Hodgkin Lymphoma or PTLD 

genesis. There was no increase in NHL with exclusion of older lymphocyte depleting 

agents and lower doses of ATG found (70). Generally, studies on de novo 

carcinoma risk associated with ATG did not find an increased risk for malignancies, 

but due to rarity of PTLD and NHL clinical trials are still too rare for a definitive 

conclusions (61).  
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4.3.3 Kidney function 

Compromised kidney function before liver transplantation is a well-known 

complication of end-stage liver diseases. Pre-transplant kidney function is one of 

the most important factors in post-transplant renal outcome and improvement of 

renal function (71,72).  

Studies try to figure out a therapy plan to protect or even improve renal function at 

the time of liver transplantation. Induction therapies try to bridge the vulnerable 

phase during the first days after transplantation. In a study of Dopazo et al. 2018 the 

difference between ATG and Basiliximab as induction therapy was investigated. In 

a prospective single-center study it was shown that a low-dose ATG administration 

as well as a Basiliximab induction therapy preserves renal function in patients with 

end-stage liver disease. There were no significant differences found in acute 

rejection episodes, renal improvement or infection rates. In this previously published 

study, the costs of immunosuppressive agents have been investigated too, and 

Basiliximab was shown to be approximately 6-fold more expensive than an ATG 

regimen (73). The theory behind an improved renal function is a well-functioning 

liver graft and the delayed initiation of CNI’s. In comparison to the findings of this 

previously published study we show an independently significantly improvement of 

renal function with ATG induction therapy. Patients with compromised kidney 

function prior to transplantation take a demonstrable benefit out of receiving a low-

dose ATG induction regimen administered. Maybe because of small case numbers 

(n=20) the significance of renal improvement could not be demonstrated. This 

significance might be revealed in greater cohort studies (73). 

The different usage of immunosuppressive agents like Sirolimus or IL-2R 

antagonists is reported controversially regarding benefit to renal function. The only 

known significant fact is that the delayed initiation of the nephrotoxic CNIs including 

Tacrolimus reduces the risk for renal failure and improves renal outcome after 

transplantation (74–76). The evaluation of IL-2R antibodies in a CNI-sparing model 

was compared in three multicenter randomized controlled trials (RCTs). In those 

published studies IL-2R antibodies were administered with MMF, Corticosteroids 

and delayed and/or reduced Tacrolimus dosage. In one study patients had 

significant GFR preservation (74), in the second one there was also an improvement 

of renal function within one month and 6 months after transplantation when 

compared to a control group (77). The third study did not find any statistically 
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significant differences in renal function based on Daclizumab with delayed 

Tacrolimus initiation in patients with good renal function pretransplant (78). 

The evaluation of Sirolimus in a renal sparing strategy showed in a meta-analysis 

based on 11 studies no significant improvement of renal function in patients with 

compromised kidney function within the first year post-transplant (42). 

An induction therapy with ATG for 3 days, and delayed initiation of CNI’s showed to 

have a beneficial effect on renal function immediately as well as later on during 

follow up after liver transplantation. The rejection rates were lower in patients 

receiving ATG induction therapy but patient and graft survival did not differ 

significantly (79). 

4.3.4 Infective complications 

This current study defines as infective episodes bronchopulmonary and/ or urinary 

tract infections. It is hard to compare infective events with other studies due to 

different definitions. Bronchopulmonary and urinary tract infections are very 

common complications during immunosuppression. Especially bronchopulmonary 

infections influence patient survival independently and significantly. In a previously 

published study there was no difference in infectious complications detectable after 

ATG induction therapy (73). Other studies demonstrated no significant difference in 

infection rates postoperatively neither by induction with rATG (79,80) nor with IL2-

RA (74,77,78). According to these studies an induction therapy with delayed CNI 

initiation does not elevate the risk for infectious complications. 

 

4.3.5 CMV infections 

Studies investigating CMV-infections after transplantation are rare. CMV risk 

constellation and suggested CMV prophylaxis regimens are regarded 

controversially. In a study from Low et al. 2017 an induction therapy with >3.0mg/kg 

rATG is considered to increase the risk for CMV infections in CMV R+ liver 

transplant recipients during the first year with a maximum risk at 50 days post 

transplantation. In this current study as well as in other publications a D-/R- status 

is associated with the lowest risk for an CMV positive infection after transplantation. 

It was shown that CMV prophylaxis given for more than 6 weeks can significantly 

reduce CMV infections in transplant recipients who received rATG as an induction 

therapy (81). Compared to our study we also found a D-/R- CMV status to be an 
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independently significant protective factor against CMV positive infections after 

transplantation within the first 6 months after transplantation. A recipient positive 

status showed to be an independently significant risk factor for CMV-PCR positive 

episodes equally shown in our study. ATG induction therapy was in this study an 

independently significant risk factor for the emergence of CMV-PCR positivity within 

the first month after transplantation (OR=6.160, 95%-CI=2.410-15.741). The 

relation between CMV PCR positive episodes after transplantation and reduced 

patient survival was significant in this study. Patients who had an CMV infection 

during the first month after transplantation showed a significantly decreased survival 

during follow-up. Hence, we believe that administering a CMV prophylaxis in 

patients who receive ATG induction therapy is required which is even more relevant 

for recipient CMV positive patients. According to the study by Low et al, 2017 the 

administration of prophylaxis should be given for at least 6 weeks after 

transplantation (81). 

4.4 Clinical Implications of this Study 

Patients with higher pre-transplant KDIGO stages and a BMI < 25 kg/m² profit most 

from ATG-induction therapy leading to a higher likelihood of renal function 

improvement after transplantation and consecutive better patient survival. 

Furthermore, all patients with ATG-induction therapy require CMV prophylaxis 

because these patients are at increased risk of experiencing CMV-PCR positive 

episodes post transplantation which diminishes patient and graft survival. 

The above mentioned implications of this study are of very high clinical relevance 

because they have significant potential to improve patient and graft survival as well 

as the quality of life of our patients. 

4.5 Further Studies 

Studies with higher case numbers and external center participation are required to 

confirm or dismiss the findings of this study which may be influenced by a high 

center bias. Because this investigation was a retrospective analysis there are non-

changeable factors which must be accepted and may relativize some results. 

Therefore, a prospective multicenter study would be ideal to verify or deny the 

findings of this study.  
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4.6 Conclusions 

In conclusion a delayed and/or reduced dosage of Calcineurin Inhibitor 

administration can be safely enabled by ATG induction therapy when combined with 

CMV prophylaxis. Patients with compromised pre-transplant renal function with 

higher KDIGO stages, a BMI ≤ 25 kg/m2 and at higher risk for renal insufficiency 

after transplantation profit most from Thymoglobulin© induction therapy resulting in 

the improvement of kidney function 6 months after transplantation. Patients with 

Thymoglobulin© induction therapy require CMV-prophylaxis due to the increased 

associated risk for early CMV-PCR positive events. The optimal dosage and 

administration strategy of ATG induction therapy need to be evaluated in further 

multicenter studies. 

Low-dose ATG induction therapy is a good alternative without setting patients at risk 

for early graft loss or reduced patient survival.  
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 Appendix 
 

Variables 
Hazard 
ratio 

95% - CI p-value 

P
re

-t
ra

n
s
p
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n
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a
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s
 

Gender female (yes/no)  0.991 0.469-1.895 0.979 

Age at transplant (years) 1.005 0.980-1.034 0.690 

In
d
ic

a
ti
o

n
s
 Alcoholic liver disease (yes/no) 1.021 0.582-1.762 0.941 

Hepatitis C virus cirrhosis + HCC (yes/no) 1.294 0.589-2.539 0.496 

Viral liver cirrhosis (yes/no) 0.965 0.291-2.377 0.945 

Hepatocellular carcinoma (HCC) (yes/no) 1.084 0.511-2.088 0.822 

Other (yes/no) 0.695 0.286-1.445 0.351 

BMI > 25 kg/m² (yes/no) 1.028 0.595-1.781 0.922 

BMI < 19 kg/m² (yes/no) 1.295 0.313-3.560 0.677 

KDIGO stage (I-V) 1.381 1.088-1.712 0.009 

Donor CMV IgG pos (yes/no) 0.428 0.227-0.769 0.004 

Recipient CMV IgG pos (yes/no) 1.144 0.644-2.124 0.652 

Induction with ALG (yes/no) 0.928 0.277-2.318 0.887 

Induction with ATG (yes/no) 0.903 0.506-1.672 0.738 

 
Supplementary Table 1: Shown are the results of univariable Cox regression 
analysis to determine significant pre-transplant risk factors for early death after 
transplantation. Induction with Basiliximab was not investigated due to small case 
numbers (n=6). Variables with p-values <0.200 are marked in bold letters. 
 
 
 
 
 

 Variables Hazard ratio 95% - CI p-value 

P
re

-t
ra

n
s
p

la
n
t 

v
a
ri
a

b
le

s
 

Gender female (yes/no)  1.019 0.500-1.901 0.956 

Age at transplant (years) 1.002 0.978-1.029 0.889 

In
d
ic

a
ti
o

n
s
 Alcoholic liver disease (yes/no) 0.922 0.530-1.571 0.678 

Hepatitis C virus cirrhosis + HCC (yes/no) 1.677 0.822-3.135 0.147 

Viral liver cirrhosis (yes/no) 0.919 0.277-2.258 0.870 

Hepatocellular carcinoma (HCC) (yes/no) 0.960 0.455-1.835 0.907 

Other (yes/no) 0.754 0.330-1.510 0.447 

BMI > 25 kg/m² (yes/no) 1.074 0.632-1.835 0.792 

BMI < 19 kg/m² (yes/no) 1.254 0.304-3.426 0.713 

KDIGO stage (I-V) 3.622 1.092-10.628 0.036 

Donor CMV IgG pos (yes/no) 0.531 0.294-0.925 0.025 

Recipient CMV IgG pos (yes/no) 1.278 0.726-2.357 0.404 

Induction with ALG (yes/no) 0.929 0.278-2.303 0.887 

Induction with ATG (yes/no) 0.837 0.479-1.505 0.543 

 
Supplementary Table 2: Shown are the results of univariable Cox regression 
analysis to determine significant pre-transplant risk factors for early graft loss 
after transplantation. Induction with Basiliximab was not investigated due to small 
case numbers (n=6). Variables with p-values <0.200 are marked in bold letters. 
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Variables Hazard ratio 95% - CI p-value 

P
re

-t
ra

n
s
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Gender female (yes/no)  0.956 0.501-1.688 0.884 

Age at transplant (years) 1.010 0.988-1.035 0.404 

In
d
ic

a
ti
o

n
s
 Alcoholic liver disease (yes/no) 1.248 0.777-1.987 0.356 

Hepatitis C virus cirrhosis + HCC (yes/no) 1.119 0.581-1.995 0.723 

Viral liver cirrhosis (yes/no) 0.556 0.169-1.350 0.215 

Hepatocellular carcinoma (HCC) (yes/no) 1.029 0.524-1.862 0.929 

Other (yes/no) 0.788 0.392-1.442 0.458 

BMI > 25 kg/m² (yes/no) 1.017 0.637-1.627 0.945 

BMI < 19 kg/m² (yes/no) 0.755 0.183-2.067 0.625 

KDIGO stage (I-V) 1.349 1.084-1.646 0.008 

Donor CMV IgG pos (yes/no) 0.660 0.403-1.064 0.088 

Recipient CMV IgG pos (yes/no) 1.132 0.693-1.909 0.628 

Induction with ALG (yes/no) 0.827 0.316-1.791 0.655 

Induction with ATG (yes/no) 1.015 0.607-1.760 0.956 

 
Supplementary Table 3: Shown are the results of univariable Cox regression 
analysis to determine significant risk factors for cancer-free survival after 
transplantation. Induction with Basiliximab was not investigated due to small case 
numbers (n=6). Variables with p-values <0.200 are marked in bold letters. 
 
 
 
 
 

 

 
Supplementary Table 4: Shown are the results of univariable Cox regression 
analysis to determine significant pre-transplant risk factors for rejection-free 
graft survival after liver transplantation. Variables with p-values <0.200 are marked 
in bold letters. 
  

Variables Hazard ratio 95% - CI p-value 

P
re

-t
ra

n
s
p
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n
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s
 

Gender female (yes/no)  1.148 0.651-1.916 0.618 

Age at transplant (years) 0.984 0.967-1.016 0.107 

In
d
ic

a
ti
o

n
s
 Alcoholic liver disease (yes/no) 0.630 0.391-0.992 0.046 

Hepatitis C virus cirrhosis + HCC (yes/no) 1.391 0.733-2.437 0.295 

Viral liver cirrhosis (yes/no) 1.945 0.905-3.695 0.084 

Hepatocellular carcinoma (HCC) (yes/no) 0.727 0.383-1.274 0.278 

Other (yes/no) 1.538 0.884-2.545 0.123 

BMI > 25 kg/m² (yes/no) 0.958 0.617-1.489 0.847 

BMI < 19 kg/m² (yes/no) 1.377 0.419-3.326 0.553 

KDIGO stage (I-V) 1.249 1.019-1.505 0.033 

D- / R- 1.253 0.687-2.140 0.444 

D- / R+ 1.511 0.956-2.362 0.072 

D+ / R- 0.410 0.171-0.829 0.011 

D+ / R+ 0.850 0.509-1.370 0.514 

Induction with ALG (yes/no) 1.101 0.425-2.342 0.824 

Induction with ATG (yes/no) 0.976 0.618-1.573 0.919 
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Variables Odds ratio 95% - CI p-value 

P
re

-t
ra

n
s
p

la
n
t 

v
a
ri
a
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s
 

Gender female (yes/no)  1.487 0.692-3.197 0.317 

Age at transplant (years) 0.993 0.965-1.022 0.643 

In
d
ic

a
ti
o

n
s
 Alcoholic liver disease (yes/no) 1.509 0.793-2.870 0.211 

Hepatitis C virus cirrhosis + HCC (yes/no) 1.385 0.569-3.375 0.481 

Viral liver cirrhosis (yes/no) 0.532 0.115-2.462 0.419 

Hepatocellular carcinoma (HCC) (yes/no) 0.455 0.180-1.152 0.097 

BMI > 25 kg/m² (yes/no) 0.388 0.200-0.756 0.005 

BMI < 19 kg/m² (yes/no) 2.035 0.468-8.838 0.343 

KDIGO stage (I-V) 1.099 0.805-1.500 0.557 

Donor CMV IgG pos (yes/no) 0.966 0.509-1.835 0.916 

Recipient CMV IgG pos (yes/no) 0.902 0.463-1.756 0.762 

Induction with ALG (yes/no) 0.286 0.036-2.273 0.164 

Induction with ATG (yes/no) 1.347 0.686-2.646 0.383 

 
Supplementary Table 5: Shown are the results of univariable binary logistic 
regression analysis to determine significant risk factors for urinary tract and/or 
bronchopulmonary infections within the first month after transplant. Induction 
with Basiliximab was not investigated due to small case numbers (n=6). Variables 
with p-values <0.200 are marked in bold letters. Variables with independent 
significant influences are marked in bold letters. 
 

 
 
 

Variables Odds ratio 95% - CI p-value 

P
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-t
ra
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Gender female (yes/no)  1.540 0.715-3.316 0.278 

Age at transplant (years) 1.014 0.982-1.046 0.389 

In
d
ic

a
ti
o

n
s
 Alcoholic liver disease (yes/no) 1.023 0.533-1.967 0.945 

Hepatitis C virus cirrhosis + HCC (yes/no) 1.430 0.586-3.488 0.440 

Viral liver cirrhosis (yes/no) 1.990 0.634-6.248 0.254 

Hepatocellular carcinoma (HCC) (yes/no) 0.706 0.303-1.642 0.048 

BMI > 25 kg/m² (yes/no) 0.793 0.416-1.512 0.481 

BMI < 19 kg/m² (yes/no) 3.591 0.863-14.940 0.087 

KDIGO stage (I-V) 1.434 1.058-1.942 0.021 

Recipient CMV IgG pos (yes/no) 2.860 1.297-6.303 0.005 

Induction with ALG (yes/no) 1.141 0.296-4.392 0.850 

Induction with ATG (yes/no) 4.751 2.012-11.215 <0.001 

D- / R- 0.079 0.010-0.592 0.0003 

D- / R+ 1.538 0.790-2.995 0.208 

D+ / R- 0.917 0.389-2.165 0.843 

D+ / R+ 1.665 0.841-3.294 0.148 

 
Supplementary Table 6: Shown are the results of univariable binary logistic 
regression analysis to determine significant risk factors for CMV PCR positive 
episodes within the first month after transplant. Induction with Basiliximab was 
not investigated due to small case numbers (n=6). Variables with p-values <0.200 
are marked in bold letters. 
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Variables Odds ratio 95% - CI p-value 
P

re
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ra
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Gender female (yes/no)  1.668 0.836-3.328 0.149 

Age at transplant (years) 1.006 0.980-1.033 0.648 

In
d
ic

a
ti

o
n
s
 

Alcoholic liver disease (yes/no) 1.314 0.745-2.318 0.346 

Hepatitis C virus cirrhosis + HCC (yes/no) 1.147 0.507-2.595 0.743 

Viral liver cirrhosis (yes/no) 1.814 0.612-5.383 0.286 

Hepatocellular carcinoma (HCC) (yes/no) 0.588 0.583-1.224 0.147 

BMI > 25 kg/m² (yes/no) 0.825 0.471-1.448 0.503 

BMI < 19 kg/m² (yes/no) 1.767 0.429-7.277 0.433 

KDIGO stage (I-V) 1.272 0.961-1.683 0.091 

Induction with ALG (yes/no) 0.563 0.148-2.146 0.382 

D- / R- 0.125 0.037-0.425 <0.001 

D- / R+ 9.61 0.530-1.741 0.895 

D+ / R- 1.063 0.511-2.212 0.871 

D+ / R+ 2.752 1.492-5.078 0.001 

Induction with ATG (yes/no) 3.132 1.657-5.918 <0.001 

 
Supplementary Table 7: Shown are the results of univariable binary logistic 
regression analysis to determine significant risk factors for CMV PCR positive 
episodes within the first 6 months after transplant. Variables with p-values 
<0.200 are marked in bold letters.  
 

 
 
 
 

Variables Odds ratio 95% - CI p-value 

P
re

-t
ra
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Gender female (yes/no)  2.000 0.791-5.059 0.156 

Age at transplant (years) 0.994 0.958-1.031 0.754 

In
d
ic

a
ti
o

n
s
 Alcoholic liver disease (yes/no) 0.706 0.296-1.683 0.426 

Hepatitis C virus cirrhosis + HCC (yes/no) 0.927 0.254-3.385 0.908 

Viral liver cirrhosis (yes/no) 0.520 0.064-4.207 0.506 

Hepatocellular carcinoma (HCC) (yes/no) 0.840 0.295-2.394 0.745 

BMI > 25 kg/m² (yes/no) 0.362 0.148-0.890 0.022 

BMI < 19 kg/m² (yes/no) 3.261 0.565-18.825 0.186 

KDIGO stage (I-V) 3.559 2.218-5.713 <0.001 

Donor CMV IgG pos (yes/no) 0.563 0.240-1.318 0.186 

Recipient CMV IgG pos (yes/no) 1.871 0.709-4.936 0.188 

Induction with ALG (yes/no) 

Instable regression due to low case  
number (n=11) and no patients with 
ALG treatment who improved their 

KDIGO stage 

Induction with ATG (yes/no) 3.911 1.286-11.898 0.007 

 Infections within the first 6 months after transplant 0.916 0.343-2.448 0.860 

 
Supplementary Table 8: Shown are the results of univariable binary logistic 
regression analysis to determine significant prognostic factors for an improvement 
of the KDIGO-stage of kidney function 6 months after transplantation in 
comparison to the pre-transplant KDIGO-stage. Induction with Basiliximab was 
not investigated due to small case numbers (n=6). Variables with p-values <0.200 
are marked in bold letters.  
 



 

 57 

6.1 Further Publication 

The content of this diploma thesis will we published in an appropriate journal. 

 


