
Niklas Buescher, Daniel Seehofer, Michael Helbig, Andreas Andreou, Marcus Bahra, Andreas Pascher, 
Johann Pratschke, Wenzel Schoening

Niklas Buescher, Daniel Seehofer, Michael Helbig, Andreas 
Andreou, Marcus Bahra, Andreas Pascher, Johann 
Pratschke, Wenzel Schoening, Department of General, 
Visceral and Transplantation Surgery, Charité, Campus Virchow 
Klinikum, 13465 Berlin, Germany

Wenzel Schoening, Department of General, Visceral and 
Transplantation Surgery, University Hospital, 52074 Aachen, 
Germany

Author contributions: Buescher N collected and analyzed data 
and wrote and revised paper; Seehofer D designed research, 
analyzed data and revised paper; Helbig M collected and 
analyzed data; Andreou A analyzed data and revised paper; Bahra 
M revised paper; Pascher A revised paper; Pratschke J revised 
paper; Schoening W designed research, analyzed data, wrote and 
revised paper.

Institutional review board statement: This study was 
reviewed and approved by the Ethics Committee of the Charité, 
University Hospital, Campus Virchow Klinikum, Berlin, 
Germany.

Informed consent statement: Patients were not required to 
give informed consent to the study because the analysis used 
anonymous clinical data that were obtained after each patient 
agreed to treatment by written consent.

Conflict-of-interest statement: We have no financial relation­
ships to disclose.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 

the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Correspondence to: Dr. Wenzel Schoening, Department 
of General, Visceral and Transplantation Surgery, University 
Hospital, Universitätsklinikum der RWTH Aachen, 52074 
Aachen, Germany. wschoening@ukaachen.de
Telephone: +49-241-8089501
Fax: +49-241-8082417

Received: March 13, 2016
Peer-review started: March 17, 2016
First decision: April 18, 2016
Revised: July 4, 2016
Accepted: July 29, 2016
Article in press: August 1, 2016
Published online: September 24, 2016

Abstract
AIM
To characterize major determinants of 20-year survival 
after liver transplantation (LT).

METHODS
This longitudinal single-institution study includes 313 
consecutive patients who received a LT between 1988 
and 1992. Pretransplant clinical characteristics and 
laboratory values were assessed and compared bet
ween 20-year survivors and non-survivors. Particular 
attention was paid to the Model for End-Stage Liver 
Disease (labMELD)-score and the Eurotransplant Donor 
Risk Index (ET-DRI) to unravel their impact on 20-year 
survival after LT.
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RESULTS 
Twenty-year survivors were significantly younger (44 vs  
50 years, P  = 0.001), more likely to be female (49% vs 
36%, P  = 0.03) and less likely to be obese at the time 
of LT (19% vs  32%, P  = 0.011). Mean labMELD-score 
(P  = 0.156), rate of high-urgency LT (P  = 0.210), cold-
ischemia time (P  = 0.994), rate of retransplantation 
(P  = 0.12) and average donor age (28 vs  33 years, 
P  = 0.099) were not statistically different. The mean 
estimated glomerular filtration rate was higher among 
survivors (P  = 0.007). ET-DRI > 1.4 (P  = 0.020) and 
donor age ≥ 30 years (P  < 0.022) had significant 
influence on 20-year survival. The overall survival was 
not significantly impacted by labMELD-score categories 
(P  = 0.263).

CONCLUSION 
LT offers excellent long-term results in case of optimal 
donor and recipient conditions. However, mainly due to 
the current organ shortage, these ideal circumstances 
are rarely given; thus algorithms for donor-recipient 
matching need to be refined, in order to enable a maxi
mum benefit for the recipients of high quality as well as 
marginal organs.

Key words: Liver transplantation; Long-term outcome; 
Ideal recipient; Recipient characteristics; Donor-recipient 
matching
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Core tip: We compare characteristics of 20-year sur
vivors and non-survivors after liver transplantation. The 
lab model for end-stage liver disease-score seems not 
to be an adequate tool for predicting long-term (20 
years) outcome. The Eurotransplant Donor Risk Index 
(ET-DRI) has a significant impact on long-term survival. 
While close to 60% of patients that received a donor 
organ with an ET-DRI < 1.2 survived for 20 years and 
longer, only less than 40% of the patients with an ET-
DRI > 1.4 survived the same number of years. Only 
about 20% survivors had overweight before transplanta
tion, compared to about 33% non-survivors. The mean 
estimated glomerular filtration rate was higher among 
survivors.
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INTRODUCTION
Over the last three decades, liver transplantation (LT) 
has become the standard therapeutic treatment for 

patients with terminal liver failure[1-4]. Short- and long-
term results have improved, resulting in dramatic 
prolongation of recipients’ life expectancy[5]. Surgical 
techniques, pharmaceutical regimens, and intensive 
care management were continuously refined[6,7]. Equally 
as important, LT centers have gained invaluable experi
ence regarding the long-term management of LT 
patients[3,4,8]. Many obstacles resulting in patient and 
graft loss have been identified, and means to overcome 
them have been developed. This has led to a broad 
increase in the number of potential LT recipients[9].

However, with growing waiting lists and an increas
ing number of LT-centers, the LT community is now 
facing the issue of fair organ allocation. The limited 
amount of donor organs led to the implementation of 
different liver allocation policies[10,11] and a more liberal 
acceptance of extended criteria donor (ECD) organs[12,13]. 
The implementation of Model for end-stage liver disease 
(MELD) allocation in 2006 within the Eurotransplant 
area has reduced waiting list mortality to about 10%[14], 
but has also increased the one-year mortality in many 
European centers, e.g., at our center from 8.2% to 
about 17.4%[15]. Donor-recipient-matching has become 
crucial to achieving reasonable one year mortality[16] and 
acceptable waiting list mortality, especially when allo
cating marginal organs to progressively sicker recipients.

With this study, we aim to evaluate the influence 
of pretransplant labMELD and Eurotransplant Donor 
Risk Index (ET-DRI) on the long-term survival of a 
cohort of LT-recipients. Furthermore, we compared the 
pretransplant characteristics of recipients who survived 
≥ 20 years after their LT to those who died within the 
20-year observation period.

MATERIALS AND METHODS
Study design
A longitudinal single-institution study was performed to 
characterize 20-year LT survivors. Institutional Review 
Board approval was obtained for this study.

Patients
The cohort has been described previously[17]. Indications 
for primary transplants are presented in Table 1. Patients 
were divided into groups with regards to their under
lying disease: Cholestatic/autoimmune comprises all 
patients with primary (n = 19) or secondary (n = 3) 
sclerosing cholangitis, primary (n = 29) or secondary 
(n = 1) biliary cirrhosis and autoimmune hepatitis (n 
= 12). The group hepatobiliary malignancy includes 
all cases of hepatocellular carcinomas (HCC, n = 27), 
cholangiocarcinomas (n = 5) as well as Klatskin tumors 
(n = 4), while virus-related cirrhosis includes all patients 
with hepatitis B (n = 47), hepatitis C (n = 32), hepatitis 
B and C (n = 3) and hepatitis B and D (n = 10) virus 
cirrhosis. Overall, virus-related cirrhosis (29.4%), 
cholestatic/autoimmune liver disease (20.4%), alcoholic 
cirrhosis (16.0%), hepatobiliary malignancy (11.5%), 
cryptogenic cirrhosis (9.3%) and acute liver failure 
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(7.3%) were the most common indications for primary 
LT. Of the twenty-seven HCC patients, seven did not fall 
under the later defined Milan criteria.

Characteristics of donors and recipients are depicted 
in Table 2. In summary, the cohort consists of 313 
consecutive patients who received a primary LT at the 
Charité, Campus Virchow-Klinikum, between 1988 and 
1992. During the twenty-year follow-up those patients 
received a total of 365 livers including 54 retrans
plantations (46 first retransplantations). There were 178 
male and 135 female recipients. At the date of primary 
LT, median patient age was 47 (14-66) years including 
two patients who were minors at the age of 14 and 16, 
while median donor age was 30 (9-64) years. Mean 
labMELD-Score was 18.6 ± 7.6 and mean ET-DRI was 
1.35 ± 0.2. 

Patients were observed until their death, loss to 
follow-up, or graft loss. Data were censored at time 
of patients’ death, loss to follow-up, graft loss or at 20 
years after transplantation, respectively. A graft survival 
analysis was performed in which labMELD-scores, pre
transplant laboratory values (median 0 d before LT, 
range 0-84 d), clinical characteristics and ET-DRI were 
evaluated for the primary LT as well as for the primary 
graft, in order to compare characteristics of 20 year-
survivors and non-survivors.

MELD-score calculations
LabMELD-scores were retrospectively calculated using 
the pretransplant serum bilirubin level, serum creatinine 

level, and INR according to Kamath et al[18]. 
Given Quick values were converted into INR with 

the help of the corresponding batch numbers. Serum 
bilirubin, INR, or serum creatinine values of less than 
1.0 were set to 1.0 to preclude negative scores. Serum 
creatinine level was capped at 4.0. MELD-scores were 
capped at 40. We were able to retrieve MELD-scores 
for 308 patients. For the compilation of Kaplan-Meier 
curves, recipients were grouped into three different 
categories: MELD ≤ 15 (n = 126), MELD = 16-25 (n = 
134) and MELD > 25 (n = 48).

ET-DRI calculations
The ET-DRI was assessed using the required donor and 
transplant factors according to Braat et al[19].

We were able to calculate the corresponding ET-DRI 
for 179 patients (57%). For the remaining donors the 
latest GGT level was unknown, which is an essential 
factor for ET-DRI calculation. Ninety-four of these reci
pients were 20-year survivors, 85 were non-survivors. 
For Kaplan-Meier estimates, the grafts were divided into 
three groups: ET-DRI < 1.21 (n = 54), 1.21-1.40 (n = 
61) and > 1.4 (n = 64). 
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All patients
n  = 313 
(100%)

20-yr 
survivors
n  = 157 
(50%)

20-yr
non- 

survivors
n  = 141 
(45%)

Ratio1 Lost
n  = 15 
(5%)

  Virus-related  
  cirrhosis 

  92 (29.4%) 46 (29.30%) 39 (27.70%) 1.18 7

  Hepatitis B   47 (15.0%)  26 (16.6%)  19 (13.5%)
  Hepatitis C   32 (10.2%)   13 (8.3%)   17 (12.1%)
  Hepatitis B 
  and D 

10 (3.2%)  5 (3.2%)  2 (1.4%)

  Hepatitis B 
  and C

  3 (1.0%)  2 (1.3%)  1 (0.7%)

  Cholestatic/
  autoimmune

  64 (20.4%) 38 (24.2%)  20 (14.2%) 1.90 6

  Alcoholic 
  cirrhosis

  50 (16.0%) 23 (14.6%)  27 (19.1%) 0.85

  Hepatobiliary 
  malignancy

  36 (11.5%) 7 (4.5%)  28 (19.9%) 0.25 1

  HCC 27 (8.6%)  6 (3.8%)  20 (14.2%)
  CCC   5 (1.6%)  0 (0.0%)  5 (3.5%)
  Klatskin tumor   4 (1.3%)  1 (0.6%)  3 (2.1%)
  Cryptogenic 
  cirrhosis

29 (9.3%)   15 (9.6%) 13 (9.2%) 1.15 1

  Acute liver 
  failure

23 (7.3%)  16 (10.2%)  7 (5.0%) 2.29

  Others 19 (6.1%)   13 (8.3%)       6 (4.3%) 2.20

Table 1  Indications of primary liver transplant

1ratio of survivors/non-survivors in the respective indication category. 
HCC: Hepatocellular carcinomas; CCC: Cholangiocellular carcinoma.

All 
patients

n  = 313

20-yr-
survivors
n  = 157

20-yr-
non-

survivors
n  = 141

P

  Recipients
     Age (yr)   47 (14-66) 44 (14-66) 50 (25-65)   0.001
     Age < 18, n (%) 2 (0.6) 2 (1.3) 0 (0) 0.06
     Age > 55, n (%) 57 (18) 19 (12) 36 (26) 0.03
     Gender, n (%) female 135 (43) 77 (49) 51 (36) 0.03
     labMELD-score 18.6 (± 7.6) 19.4 (± 8.3) 18.1 (± 7.0)   0.156
     Urgent LT, n (%)  23 (7) 15 (10) 8 (6) 0.21
     BMI (kg/m2) 23.0 ± 3.3 22.7 ± 3.0 23.5 ± 3.7   0.037
     HBMI, n (%) 78 (25%) 30 (19%) 45 (32%)   0.011
     HLIP, n (%) 45 (14%) 20 (15%) 23 (19%)   0.376
  Donors
     Donor age (yr) 30 (9-64) 28 (14-64) 33 (9-60)   0.099
     ET-DRI 1.35 (± 0.2) 1.32 (± 0.2) 1.37 (± 0.2)   0.121
  Transplant
     Cold ischemia time, h 10.6 (± 4) 10.6 (± 4) 10.7 (± 4)   0.994
     Retransplantation, n (%) 46 (15) 18 (11) 25 (18)   0.120
  Liver function
     tBili    8.1 ± 11.9    9.0 ± 12.6 7.7 ± 11.6   0.363
     AST  115 ± 460   124 ± 486 111 ± 454   0.820
     ALT  102 ± 233   102 ± 177 108 ± 286   0.849
     INR  1.76 ± 0.8   1.82 ± 0.8 1.7 ± 0.8   0.226
  Clinical characteristics
     Systolic BP (mmHg)   120 ± 20   119 ± 20 122 ± 21   0.340
     Diastolic BP (mmHg)  71 ± 11   71 ± 12 72 ± 11   0.353
  Laboratory parameters
     Glucose (mg/dL)   120 ± 58   116 ± 46 126 ± 70   0.174
     Cholesterol (mg/dL)   134 ± 72   129 ± 55 138 ± 86   0.311
     Triglycerides (mg/dL)  95 ± 67  91 ± 56 100 ± 80   0.326
     Creatinine (mg/dL)  1.0 ± 0.8  1.06 ± 1.0 0.95 ± 0.4   0.247
     eGFR (mL/min per 1.73 m2)  98 ± 59   106 ± 70 88 ± 39   0.007

Table 2  Pretransplant characteristics

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; HLIP: 
Hyperlipidemia; HBMI: Overweight; MELD: Model for end-stage liver 
disease; ET-DRI: Eurotransplant donor-risk-index; INR: International 
normalized ratio.
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to 12% of the survivors, P = 0.03) while the group of 
survivors has a significantly larger amount of female 
recipients (49% compared to 36% of the non-survivors, 
P = 0.03). Mean BMI for survivors and non-survivors 
was 22.7 ± 3.0 and 23.5 ± 3.7 kg/m2, respectively 
(P = 0.037). There were no significant differences for 
survivors and non-survivors regarding pretransplant 
labMELD-score (19.4 ± 8.3 and 18.1 ± 7.0, P = 0.156), 
rate of high-urgent LT (10% and 6%, P = 0.210), cold-
ischemia time (10.6 ± 4 and 10.7 ± 4 h, P = 0.994) 
and rate of retransplantation (11% and 18%, P = 0.12). 

Donors’ characteristics
Among survivors, median donor age was 28 years 
(14-64) compared to a median donor age of 33 years 
(9-60) among non-survivors (P = 0.099). Mean ET-DRI 
for survivors and non-survivors was 1.32 ± 0.2 and 1.37 
± 0.2, respectively (P = 0.121).

Patient and graft survival
The overall actuarial patient survival rates at 1, 10 and 
20 years were 88.4%, 72.7% and 52.5%, respectively. 
The overall graft survival rates were 83.7%, 64.7% and 
46.6% after 1, 10 and 20 years, respectively. 

Liver function tests
None of the liver function tests that were compared 
showed a statistically significant difference between 
survivors and non-survivors (Table 2). Prior to LT, mean 
total bilirubin was 9.0 ± 12.6 mg/dL for survivors and 
7.7 ± 11.6 mg/dL for non-survivors (P = 0.363). Mean 
aspartate aminotransferase was 124 ± 486 U/L for 
survivors and 111 ± 454 U/L for non-survivors (P = 
0.820). Mean pretransplant alanine aminotransferase 
was 102 ± 177 U/L for survivors and 108 ± 286 U/L for 
non-survivors (P = 0.849).

Clinical and laboratory parameters
Systolic BP and diastolic BP were not significantly 
different between survivors and non-survivors. 20-year 
survivors’ mean blood glucose was 116 ± 46 mg/dL 
compared to 126 ± 70 mg/dL among non-survivors 
(P = 0.174). Cholesterol (129 ± 55 and 138 ± 86, P 
= 0.311) and triglycerides (91 ± 56 and 100 ± 80, P 
= 0.326) values did not differ significantly between 
survivors and non-survivors. Regarding the renal 
function, mean eGFR of 106 ± 70 mL/min per 1.73 m2 

in survivors was significantly higher than mean eGFR 
of 88 ± 39 mL/min per 1.73 m2 in non-survivors (P = 
0.007). Detailed data are presented in Table 2, where 
the percentages relate to the amount of patients with 
complete data in the specific category.

Nineteen percent of the twenty-year survivors had 
HBMI before transplantation, while 32% of the non-
survivors had HBMI (P = 0.016). Comparing survivors 
and non-survivors, prevalence of HLIP (15% and 19%, 
P = 0.407), MIRF (20% and 21%, P = 0.886) and SIRF 
(5% and 3%, P = 0.547) did not show a significant 

Laboratory parameters
Laboratory parameters were obtained after a fasting 
period of at least 12 h and included serum levels of total 
cholesterol, triglycerides, creatinine, Quick-value, total 
bilirubin (tBili), aspartate aminotransferase, alanine 
aminotransferase and glucose.

Variables
Overweight (HBMI) was defined as body-mass-index 
(BMI = weight/height2) above 25. Blood cholesterol 
levels of more than 200 mg/dL, triglyceride levels 
above 175 mg/dL, or statin treatment were considered 
“hyperlipidemia” (HLIP). The MDRD-formula was used 
to estimate glomerular filtration rate (eGFR). An eGFR 
< 60 mL/min per 1.73 m2 was considered moderately 
impaired renal function (MIRF), while rates < 30 mL/
min per 1.73 m2 were defined as severely impaired 
renal function (SIRF)[20]. 

Statistical analysis
Categorical variables were compared by the χ 2 test 
and summarized as percentages and frequencies. 
Continuous variables were compared using unpaired t 
test and summarized as median and range, or mean 
± SD. A P value of less than 0.05 was interpreted 
as statistically significant. Kaplan-Meier estimates 
were used to calculate survival curves. Differences in 
survival curves were compared using log-rank statistics. 
All calculations were done using the SPSS software 
package (version 22.0 for Windows, SPSS Inc., Chicago, 
IL).

RESULTS
After a median follow-up of 233 mo (0-260), 157 
patients were alive (141 with complete sets of data, 
16 with incomplete sets of data) and 141 had died (27 
patients within 6 mo after LT) while 15 patients were 
lost to follow-up 99 to 243 mo after LT. 

Recipients’ characteristics
Table 1 depicts the distribution of primary indication 
for LT among survivors and non-survivors. The most 
common indications among survivors were virus-related 
cirrhosis (29.3%), cholestatic/autoimmune liver disease 
(24.2%), and alcoholic cirrhosis (14.6%), while among 
non-survivors virus-related cirrhosis (27.7%), hepato
biliary malignancy (19.9%) and alcoholic cirrhosis were 
the most frequent. The ratio of survivors/non-survivors 
was lowest for hepatobiliary malignancies (0.25) and 
highest for cholestatic/autoimmune liver disease (1.90) 
and acute liver failure (2.29).

As shown in Table 2, median age of 20-year-survivors 
and non-survivors was 44 (14-66) and 50 (25-65) years, 
respectively (P = 0.001). Both minors (primary indication 
PSC and ALF) were alive after twenty years of follow-
up. The group of non-survivors includes significantly 
more LT recipients over the age of 55 (26% compared 
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difference. 
To further analyze the impact of renal function, 

patients were split up into separate groups, based on 
their eGFR before transplantation (Table 3). Eighty 
percent of the survivors and 79% of the non-survivors 
had an eGFR > 60 (P = 0.860), pointing to normal 
renal function. The groups that comprise eGFR values 
of 60 to 69 and 70 to 79 contain significantly more 
non-survivors than survivors (20.0% and 15.7% com
pared to 6.5% and 6.5%, P = 0.001 and P = 0.011, 
respectively), while 30.3% of the survivors had an eGFR 
> 120 compared to 20.0% of the non-survivors (P = 
0.042).

A subgroup analysis was performed to assess the 
underlying diseases among those patients who later 
developed MIRF and SIRF. The most common indi
cations for primary LT among patients with MIRF at 
20 years after LT (n = 85) were virus-related cirrhosis 
(n = 32), CD/AIH (n = 18) and alcoholic liver disease 
(n = 15). Among patients who later developed SIRF 
(n = 10), the most common primary indications were 
CD/AIH (n = 4), virus-related cirrhosis (n = 3) and 

polycystic liver disease (n = 2).

Kaplan-Meier estimates
As shown in Figure 1, the overall survival at 1, 5, 10 
and 20 years for the three different groups of labMELD-
Scores, was 92.1%, 86.5%, 76.2% and 51.3% for 
group 1 (labMELD ≤ 15), 88.8%, 77.6%, 70.9% and 
51.9% for group 2 (labMELD = 16-25) and 83.3%, 
79.2%, 75.0% and 66.7% for group 3 (labMELD > 25). 
The 20-year survival did not differ significantly (P = 
0.263). This was also true for 0.5- (P = 0.226), 1- (P = 
0.293), 5- (P = 0.293), 10- (P = 0.522) and 15-year (P 
= 0.241) survival. Survival of recipients with labMELD 
> 25 was not significantly worse compared to all others 
at 6 mo after LT, (P = 0.095), also not at 1-year (P = 
0.158), 5-year (P = 0.704) and 10-year (P = 0.726). At 
15-year (P = 0.143) and 20-year (P = 0.107), recipients 
with MELD > 25 showed better overall survival, but this 
difference was not statistically significant. 

Long-term survival was significantly influenced by 
ET-DRI (P = 0.020, Figure 2). Comparing only two 
groups, ET-DRI ≤ 1.4 and >1.4, the survival outcome 
showed a significant difference as well (P = 0.011) (data 
not shown). Looking at the donor age separately (< 
vs ≥ 30 years), we also found a significant impact on 
long-term survival as shown in Figure 3 (P < 0.014). A 
more detailed analysis of donor and recipient age based 
on a recipient age of < and ≥ 55 years and a donor age 
of < vs ≥ 30 years revealed a highly significant impact 
on long term outcome in the comparison of these four 
categories (P < 0.0001, Figure 4).

In a sub-analysis of patients with the best long-term 
survival[17] (CD/AIH and ALF) the effect of donor quality 
(ET-DRI) was even more pronounced: Transplanting an 
ET-DRI < 1.21 organ resulted in an 20 year survival of 
79% compared to 39% for an ETDRI > 1.4 organ (Figure 
5).

Figure 6 shows the impact of the BMI on the long-
term outcome after LT. Patients without pretransplant 

20-yr survivors
n  = 155

20-yr non-survivors
n  = 140

P

  eGFR > 60  126 (80%) 112 (79%) 0.860
  MIRF    31 (20%)  29 (21%) 0.879
  SIRF       7 (4.5%)     4 (2.9%) 0.453
  eGFR 30-39     10 (6.5%)     5 (3.6%) 0.261
  eGFR 40-49       8 (5.2%)     7 (5.0%) 0.950
  eGFR 50-59       8 (5.2%)   13 (9.3%) 0.169
  eGFR 60-69     10 (6.5%)  28 (20%) 0.001
  eGFR 70-79     10 (6.5%)     22 (15.7%) 0.011
  eGFR 80-89       22 (14.2%)   13 (9.3%) 0.193
  eGFR 90-99       16 (10.3%)     14 (10.0%) 0.927
  eGFR 100-109     15 (9.7%)     9 (6.4%) 0.308
  eGFR 110-119     10 (6.5%)     7 (5.0%) 0.593
  eGFR > 120       47 (30.3%)     28 (20.0%) 0.042

Table 3  Pretransplant renal function  n  (%)

LT: Liver transplantation; eGFR: Estimated glomerular filtration rate; 
MIRF: Moderately impaired renal function; SIRF: Severely impaired renal 
function.

Impact of labMELD-score100

75

50

25

0
0                     60                   120                   180                  240 

Months after LT

%

Log-Rank: P  = 0.263
labMELD                      1-        5-        10-      20-yr survival
≤15
16-25
> 25

(n  = 126)
(n  = 134)
(n  = 48)

92%
89%
83%

87%
78%
79%

76%
71%
75%

51%
52%
67%

Figure 1  The impact of lab model for end-stage liver disease categories 
on 20 year survival. MELD: Model for end-stage liver disease; LT: Liver trans
plantation.

Impact of ET-DRI

0                     60                   120                   180                  240 
Months after LT

Log-Rank: P  = 0.020

100

75

50

25

0

%

ET-DRI                          1-         5-         10-        20-yr survival
< 1.21
1.21-1.4
> 1.4

(n  = 54)
(n  = 61)
(n  = 64)

96%
92%
81%

93%
82%
70%

89%
74%
61%

60%
59%
42%

Figure 2  The impact of eurotransplant donor risk index categories on 20 
year survival. LT: Liver transplantation; ET-DRI: Eurotransplant donor-risk-index.
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HBMI (< 25) showed significantly better overall 20-year 
survival (60.4% vs 40.6%, P = 0.003). HBMI did not 
significantly impact 1 year (90.0% vs 90.6%, P = 
0.703), 5 year (80.0% vs 82.8%, P = 0.471) or 10 year 
(70.0% vs 75.5%, P = 0.191) survival.

Presence of MIRF and SIRF before transplantation 
did not significantly influence the overall 20-year sur
vival (P = 0.936 and 0.387, respectively) (data not 
shown).

Causes of death
As we have previously published[17], the most common 
causes of death overall were recurrence of primary 
disease (21.3%), infection (20.6%) and de-novo 
malignancy (19.9%). While recurrent disease was 
most common in the first decade after LT, followed by 
infection and de novo malignancy, de novo malignancy 
was the most common cause of death during the 
second decade after LT, followed by infection and 
cardiovascular events. Recurrence of primary disease 

was especially common in patients with hepatobiliary 
malignancy and virus-related cirrhosis. Among the de-
novo malignancies, squamous-cell carcinomas were 
most common. Pneumonia and sepsis were the most 
common infections.

DISCUSSION
Recently, our center published the first European single-
institution 20-year survival data and the most promising 
long-term outcomes worldwide to this point[17]. More 
than half of our cohort survived for two decades after 
LT. With the present study, we aimed to compare the 
characteristics of 20-year survivors and 20-year non-
survivors in order to characterize those patients who 
achieved outstanding long-term survival.

Not surprisingly, on average 20-year survivors were 
significantly younger and predominantly female. Pre
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Figure 3  The impact of donor age on 20-year survival. LT: Liver trans
plantation.

Figure 5  The impact of eurotransplant donor risk index categories on 
20-year survival of recipients with cholestatic diseases, autoimmune 
hepatitis and acute liver failure. LT: Liver transplantation; ET-DRI: Eurotrans
plant donor-risk-index.

Figure 4  The influence of recipient-donor age match on 20-year survival. 
LT: Liver transplantation. Figure 6  The impact of overweight (overweight, body-mass-index > 25) 

at time of liver transplantation on 20-year survival. LT: Liver transplantation; 
HBMI: High body mass index (> 25).
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vious studies have also found that survival for female 
recipients is slightly higher compared to male recipients. 
The prevalence of cardiovascular risk factors, as well 
as cardiovascular events, is higher in male long-term 
survivors, which may explain this finding[17,21].

The Kaplan-Meier analyses of the long-term survival 
in this cohort show that the greatest disparity in out
come based on ET-DRI categories (Figure 2) seems to 
occur within the first year after LT; after this there is 
little divergence in the Kaplan-Meier curves according 
to donor risk. Thus, after the short-term post-transplant 
period has passed, the underlying disease and further 
recipient characteristics seem to play a more important 
role than the initial graft quality. Long-term outcome 
studies, such as this one, are valuable in identifying 
such recipient characteristics. One example is the fact 
that in our cohort, presence of HBMI does not become a 
significant prognostic factor until 10 years after LT.

As far as the distribution of primary indications 
for LT goes, we found that hepatobiliary malignancies 
had a particularly low survival rate[17]. In this cohort, 
the ratio of survivors/non-survivors for patients with 
hepatobiliary malignancy was 0.25; several patients 
in this group presented at an advanced stage. Due 
to the high prevalence of recurrent disease among 
patients with HCC far beyond the Milan criteria[22] and 
advanced cholangiocellular carcinomas[23], they are no 
longer eligible for LT. The European Liver Transplant 
Registry states 20-year patient survival rates of 27% 
for primary liver tumors, which make up for 14% of the 
total indications for LT[24]. On the other hand, patients 
with autoimmune and cholestatic liver disease (ratio 
1.9) as well as patients with acute liver failure (ratio 
2.29), made up a significant part of the 20-year sur
vivors, which is in line with the findings of the European 
Liver Transplant Registry, which lists 20-year patient 
survival rates of 44% for cholestatic disease, 55% 
for autoimmune liver disease and 47% for acute 
hepatic failure, which make up for a total of 21% of all 
indications[24].

Unexpectedly, the labMELD-score did not significantly 
influence 20-year survival in our cohort. Our study 
supports the findings of previous studies[25] showing that 
the labMELD score is particularly relevant during the first 
couple years after LT. LabMELD categories showed a 
strong trend regarding the differences in 1-year survival, 
even if not statistically significant. After ten years, 
these differences evened out. Most surprisingly, after 
20-years, recipients with labMELD > 25 showed the best 
overall survival. Even though the labMELD-score is able 
to predict waiting list mortality, it does not seem to be 
an adequate tool for predicting long-term outcome and 
thus survival benefit[26]. With a mean labMELD-score 
of 18.6, the patients in our cohort can be considered 
relatively healthy compared to German patients recei
ving transplants in the current era, with an average 
matchMELD of 34[14]. Also, the mean ET-DRI of 1.35 
suggests excellent donor organ quality. In summary 
excellent overall conditions for transplantation, which 

are hardly realized under the current LT conditions. This 
makes it difficult to interpret the impact of our data 
on the era of MELD-allocation with ECD organs. The 
MELD-score has contributed to reduce the waiting list 
mortality[27] and decrease the waiting time for LT[28]. 
However, there are several weaknesses: Interlaboratory 
variability of creatinine, bilirubin and INR causes a 
lack of objectivity[29,30]. Secondly, the score does not 
adequately represent the necessity for LT for many 
indications, making it necessary to assign priority-based 
extra-points, which have seen a rather arbitrary up- and 
down-regulation[31,32]. Most importantly, the MELD score 
neglects all donor characteristics in the allocation process 
whatsoever. Therefore, organ allocation according to a 
MELD-based policy is not true donor-recipient matching 
at all. Our findings suggest that, depending on the 
quality of a given donor organ, the underlying disease, 
the recipients’ age and many other factors, a similar 
MELD value may result in very different long-term 
outcomes.

Another unexpected finding was the lack of signifi
cant impact of an impaired renal function prior to 
transplantation on long-term survival. The significant 
difference in mean eGFR between survivors and non-
survivors (106 ± 70 mL/min per 1.73 m2 vs 88 ± 39 
mL/min per 1.73 m2, respectively, P = 0.007) is most 
likely due to the large amount of survivors with eGFR 
> 120 mL/min per 1.73 m2 (30% vs 20%) and the fact 
that the MDRD-formula does not adequately represent 
the renal function for patients without impairment[33]

. In 
our previous publication mentioned above, we showed 
that a moderately or severely impaired renal function 
at 6 mo after LT was an independent risk factor for 
long-term survival in this cohort[17]. However, in this 
study, neither patients with pretransplant MIRF nor 
those with SIRF showed significantly lower overall 
survival. This is contrary to what other authors have 
described[34-36]. What was striking was the high number 
of non-survivors that had an eGFR that was just above 
60, making these patients barely off the limit for an 
impaired renal function. Possibly, a number of non-
survivors were pushed into renal impairment just after 
their LT. Ojo et al[36] found that the 5-year incidence 
of SIRF after LT was 18.1%, resulting in a 4.55-fold 
increased risk of death and Sanchez et al[35] described 
that the lower the initial GFR after LT, the earlier renal 
failure develops within the next 5 years, emphasizing 
the importance of a well-controlled post-transplant renal 
function.

Only about one in five survivors had HBMI before 
transplantation, compared to every third non-survivor 
(P = 0.011). Obese patients with terminal liver 
failure are not only at increased risk for perioperative 
morbidity and mortality[37], but also for experiencing 
cardiovascular events[38], which make up for a major 
proportion of deaths after LT[3,17,39].

We found a significant impact of ET-DRI on long-term 
survival. While close to 60% of patients that received 
a donor organ with an ET-DRI < 1.2 survived for two 
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decades and longer, only less than 40% of the patients 
with an ET-DRI > 1.4 survived for twenty years. In 
recent years, more than 60% of all LT donor organs in 
Germany have an ET-DRI of > 1.5[14], a number that 
is likely to increase even more with decreasing rates 
of organ donation. The impact of donor age by itself, 
which is one of the factors of the ET-DRI, on long-term 
survival was also significant. Regarding the recipient-
donor age match it seems that “older” livers may 
be suitable for younger recipients, but the benefit of 
younger organs for elderly recipients evens out 10 years 
after transplant.

Schaubel et al[40] described that regardless of 
the organ quality, higher labMELD recipients have a 
significant survival benefit from LT, whereas lower 
labMELD candidates who receive higher ET-DRI organs 
demonstrate higher mortality and no significant survival 
benefit. According to that particular study, 2000 life-
years could be saved per year if benefit-based allocation 
was implemented.

Our data suggest that the ideal LT recipient is a 
young woman with acute liver failure or CD/AIH, who 
has a BMI < 25, a normal kidney function and no 
dyslipidemia. Such a patient would benefit the most 
from a donor organ < 30 years old with an ET-DRI of < 
1.2. Since this combination of characteristics may hardly 
be found in recent years, it is even more important to 
match a specific donor organ to an adequate recipient, 
based on benefit-based allocation.

COMMENTS
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With major improvements in outcomes after liver transplantation and growing 
experience regarding transplant management, both the indications for liver 
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Shortage of donor organs has led to changes in liver allocation policies and the 
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Research frontiers
Very long-term outcome data (20 years) after LT are scarce. In the presented 
cohort the best 20-year survival published ever so far was described. This 
retrospective analysis focuses on donor and recipient characteristics of survivors 
and non-survivors to elucidate factors that may be predictive of long-term 
survival.

Innovations and breakthroughs
Several factors influencing long-term survival after liver transplantation could 
be identified. It seems that “older” livers may be suitable for younger recipients, 
but the benefit of younger organs for elderly recipients evens out 10 years after 
transplant. The labMELD score seems not to be an adequate tool in prediction 
of long term survival. HBMI becomes predictive only ten years after transplant. A 
high number of non-survivors had an estimated glomerular-filtration-rate that was 
just above 60, making these recipients barely off the limit for an impaired renal 
function. Possibly, a number of non-survivors were pushed into renal impairment 
just after their LT. Immunosuppressive regimens should take this into account 
and may be adapted accordingly.

Applications
This study gives valuable insights in donor-recipient matching, when trying 
to achieve excellent long-term outcome, especially when allocating marginal 
organs to progressively sicker recipients.

Terminology
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BP: Blood 
pressure; COD: Cause of death; DCD: Donation after cardiac death; ECD: 
Extended-criteria donor; ET-DRI: Eurotransplant Donor Risk Index; eGFR: 
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HCC: Hepatocellular carcinoma; INR: International normalized ratio; LT: Liver 
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