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Abstract Key Words:

Aim and background. The Nordic Liver Transplant Registry (NLTR) accounts for all liver trans-  end-stage liver disease, indication, liver
plants performed in the Nordic countries since the start of the transplant program in 1982. Due transplantation, organ allocation, outcome,
to short waiting times, donor liver allocation has been made without considerations of the model registry

of end-stage liver disease (MELD) score. We aimed to summarize key outcome measures and
developments for the activity up to December 2013. Materials and methods. The registry is inte- History
grated with the operational waiting-list and liver allocation system of Scandiatransplant (www. Received 12 March 2015
scandiatransplant.org) and accounted at the end of 2013 for 6019 patients out of whom Revised 28 March 2015
5198 were transplanted. Data for recipient and donor characteristics and relevant end-points

. . . Accepted 29 March 2015
retransplantation and death are manually curated on an annual basis to allow for statistical analy-
sis and the annual report. Results. Primary sclerosing cholangitis, acute hepatic failure, alcoholic
liver disease, primary biliary cirrhosis and hepatocellular carcinoma are the five most frequent
diagnoses (accounting for 15.3%, 10.8%, 10.6%, 9.3% and 9.0% of all transplants, respectively).
Median waiting time for non-urgent liver transplantation during the last 10-year period was
39 days. Outcome has improved over time, and for patients transplanted during 2004-2013,
overall one-, five- and 10-year survival rates were 91%, 80% and 71%, respectively. In an inten-
tion-to-treat analysis, corresponding numbers during the same time period were 87%, 75% and
66%, respectively. Conclusion. The liver transplant program in the Nordic countries provides
comparable outcomes to programs with a MELD-based donor liver allocation system. Unique fea-
tures comprise the diagnostic spectrum, waiting times and the availability of an integrated wait-
ing list and transplant registry (NLTR).

Introduction disease, and it is still the only curative treatment for both acute
and chronic terminal liver failure [1,2]. Driven by an improve-

In 1983, the National Institutes of Health declared liver trans- . . . > .
ment in surgical techniques, critical care medicine and

plantation (LTX) as an accepted therapy for end-stage liver
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immunosuppression, the annual number of transplantations
has increased steadily over the last three decades [3]. Recent
data from the European Liver Transplant Registry (ELTR)
indicate that almost 6000 LTX are currently performed in
Europe each year [4]. There are substantial differences
between countries regarding the prevalence of the underlying
liver disease leading to terminal liver failure [5-9]. This is, at
least to some extent, reflected in the observed differences in
the number of LTX performed for the various indications in
different countries and at different time periods [4,10].

The outcome after LTX is dependent on a number of fac-
tors including the underlying liver disease [11], age of the
recipient [12], age of donor [13], the preoperative condition of
the recipient and surgical complications [14,15]. All these fac-
tors are likely to vary between different transplant programs,
between countries, and potentially even between different
centres in the same country. However, publication of regional
and national data on patient and graft survival is scarce. Such
information is important for quality control of the activity in a
program-restricted manner and to provide the patients with
accurate information regarding risks and prognosis.

There are large intra-European variations in prevalence
and incidence of both acute and chronic liver diseases [3].
The Nordic countries have an especially high prevalence of
autoimmune liver diseases; primary sclerosing cholangitis
(PSC), primary biliary cirrhosis (PBC) and autoimmune
hepatitis [16—18]. The incidence of post hepatitis-C cirrho-
sis, on the other hand, is much lower than in most other
European countries [19]. Since the beginning of 2000, the
MELD scoring system [20] for prioritization of liver trans-
plant recipients has been implemented in USA and most
European countries [21]. The MELD score system was orig-
inally created, at the Mayo clinic, to predict survival follow-
ing elective placement of transjugular intrahepatic
portosystemic shunt [22]. It was subsequently modified and
validated by the United Network for Organ Sharing and
used as a predictor of survival in patients on the waiting list
for LTX [23]. The Nordic countries have generally had a
favorable organ donation rate with short waiting lists. For
this reason, the MELD score is currently not used to priori-
tize patients for LTX in our region. In some instances, it is
used locally at the individual centres to help match an avail-
able organ with the patient in greatest need.

In this paper, we present the total activity and the results
following LTX in the five Nordic countries (Denmark, Fin-
land, Iceland, Norway and Sweden), since the beginning of
the program in 1982 to the end of 2013. All organ trans-
plantations in these five countries are organized within the
common organ exchange organization Scandiatransplant,
which also provides a network for close collaboration
between the centres. The Nordic Liver Transplant Registry
(NLTR), which is an integrated part of the Scandiatrans-
plant database [24], contains complete data from the LTX
program at all transplantation centres in all the Nordic coun-
tries since the first LTX was performed in 1982 [18]. This
publication aims to serve as an expanded version of the
annual report from the NLTR, which has previously only
been made available as a summary document at the Scan-
diatransplant webpages.

Cas Rep Plast Surg Hand Surg, 2015; 50(6):797-808
Materials and methods
Patients

All the Nordic transplant centres participate in Scandiatrans-
plant organ exchange organization and registration of every
patient listed for transplantation is obligatory. This implicates
that all patients undergoing LTX in the five Nordic countries
are included in the system, although singular cases of system
entry errors cannot be formally excluded. The data collection is
performed through a standardized questionnaire, including in
the first part, information regarding date of acceptance, diagno-
sis, previous malignancy, events (encephalopathy, variceal
bleeding, ascites, hospitalization, ventilator use), biochemistry
and serology. The second part includes pre- and post-LTX his-
topathology results, donor characteristics and serology, type of
operation (whole/partial/split), ischemia times and immunosup-
pression. Data for patients that underwent LTX before
1990 have been acquired retrospectively (constituting 3.4% of
the total number of transplanted patients), while from 1st of
January 1990, all patients listed for LTX in the Nordic coun-
tries have been recorded prospectively in the NLTR. In Sep-
tember 1994, the NLTR was integrated with the
Scandiatransplant waiting list and organ allocation system,
meaning complete waiting list data are available from all
patients being listed for LTX from this point in time, regardless
of whether they were transplanted or not, along with lifelong
follow-up. The inclusion of all patients listed for LTX offers
the unique possibility to also perform intention-to-treat (ITT)
analysis. Entry of missing data and correction of errors were
performed by transplant coordinators at all centres prior to the
final data extraction. Data are stored centrally at the Scandia-
transplant office in Aarhus, Denmark (www.scandiatransplant.
org). In accordance with previous annual reports, the data was
anonymized and analyzed in its entirety.

Liver transplant centers

The first Nordic LTX was performed in Helsinki, Finland in
1982, except for a few experimental procedures in Norway in
the early 1970s [25,26]. In Oslo, Norway, and Stockholm,
Sweden, the first transplantation was carried out 2 years later,
in 1984. This was followed by Gothenburg, Sweden, in
1985 and Copenhagen, Denmark, in 1990. LTX was also
temporarily performed in Aarhus, Denmark, during 1993 and
1994 and in Uppsala, Sweden, between 1994 and 2010. Ice-
landic patients have previously undergone LTX in Sweden,
Denmark and Norway, and are currently transplanted in
Sweden.

Period of transplantation

In order to account for changes in the LTX programs in the
Nordic countries over time, we initially considered all LTX
since 1982 to the end of 2013. However, in the subsequent
analyses, the patients were divided according to two 10-year
time periods: (1) from January 1994 to the end of
2003 (2028 listed patients, 1735 transplanted), (2) from Janu-
ary 2004 to the end of 2013 (3214 listed patients, 2787 trans-
planted). The years prior to 1994 were characterized by
greater variation in indications from year to year, low annual
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Figure 1. (A) The total number of first liver transplantations (LTX) performed in the Nordic countries (Denmark, Sweden, Finland and Norway) since
1982 along with the annual number of retransplantations in the same period. (B) The distribution of LTX per. 1 million of the country population
(PMP) of the different Nordic countries from 1982 to 2013. (C) Age distribution of recipients at first LTX through the period from 1982 to 2013 for
all the Nordic countries combined. (D) The total number of liver recipients older than 60 years (blue), and the same group as the fraction of the total

LTX ctivity in the period from 1987 to 2013.

numbers and must also be considered a pioneering period
with respect to surgical techniques and perioperative treat-
ment. The most recent period was chosen to provide an eval-
uation of the current indications and results of LTX in the
Nordic countries.

Organ allocation

The Scandiatransplant cooperation relies on center-based
allocation of organs. In addition, there is extensive organ
sharing between the centers. As early as 1985, four liver
grafts were sent from Helsinki to Sweden. This was made
possible due to the efforts of the recently formed Nordic
Liver Transplant Group (NLTG), initiated in May 1985 by
colleagues from the four Nordic countries. NLTG have two
meetings annually to discuss and decide on the policy of
common Nordic clinical issues on organ donation and trans-
plantation. These decisions have usually been approved
unchanged by the Scandiatransplant board, which represents
the formal governance body of the Scandiatransplant system.
There is no common waiting list in Scandinavia; however, an
agreement embodied in Scandiatransplant ensures that high-
urgency candidates are entitled to the first available liver
graft from any member-country within 3 days. The highly
urgent status is based on the diagnosis, clinical status and

evaluation made by the hepatologist together with the trans-
plant surgeon and anesthesiologist. The highly urgent-call
status remains active for a maximum of 3 days. Urgent calls
can also be used for patients in need of an acute retransplan-
tation (due to primary nonfunction or vascular thrombosis)
within 14 days of the primary transplantation. The MELD
score has not been formally used for organ allocation, but
has for several years been used, together with clinical judg-
ment, to evaluate the prognosis of patients of patients on the
list in some of the transplantation centres in the Nordic
region. Still, we have included this in our analysis, and
MELD score was calculated for patients undergoing LTX
from the beginning of 2001 when the international normal-
ized ratio (INR) was uniformly implemented in clinical
assessments at the Nordic centres. In this study, only the lab-
oratory MELD score was calculated, i.e. no alterations to the
score was done for patients with hepatocellular carcinoma
(HCC) or metabolic liver disorders such as familial amyloi-
dotic polyneuropathy (FAP).

Intention to treat (ITT) analysis

In the ITT analysis, the first date of acceptance to the waiting
list was considered as day O and survival was calculated from
this time point. The patients were followed until death or
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Table I. Primary indications for LTX in the Nordic countries and corresponding graft and patient survival for the entire period between 1982 and 2013 (first

transplantations).

Survival rate year (%)

1 5 10 15 20
Indication for LTX No. of patients (%) Graft Patient Graft Patient Graft Patient Graft Patient Graft Patient
PSC 796 153% 87 91 75 82 64 71 54 65 44 57
PBC 485 9.3% 85 88 77 82 67 72 58 63 48 50
Autoimmune cirrhosis 214 4.1% 82 85 75 80 66 69 51 58 32 38
Alcoholic cirrhosis 549 10.6% 85 87 73 77 55 59 36 38 23 25
Acute hepatic failure 559 10.8% 71 77 60 68 53 62 48 58 34 46
Metabolic diseases 378 7.3% 87 88 76 79 67 69 60 62 50 56
Posthepatitis B cirrhosis 110 2.1% 82 87 72 78 67 71 60 65 46 51
Posthepatitis C cirrhosis 433 8.3% 81 86 62 69 47 53 34 38 25 29
Cryptogenic cirrhosis 152 2.9% 79 81 71 74 53 58 40 41 24 29
Cirrhosis other causes 201 3.9% 85 87 71 73 61 64 45 49 28 28
Polycystic liver disease 73 1.4% 89 90 86 87 76 78 72 74 47 55
Hepatocellular carcinoma 468 9.0% 79 82 54 57 38 40 27 30 20 24
Cholangiocellular carcinoma 42 0.8% 70 77 34 38 22 25 13 25 0 0
Secondary liver tumors 60 1.1% 84 90 53 55 39 41 23 24 0 0
Other liver malignancies 81 1.6% 77 81 58 62 46 50 39 44 24 29
Budd-Chiari 75 1.4% 71 80 64 72 62 68 66 66 38 48
Biliary atresia 201 3.9% 74 77 66 71 63 71 60 67 52 59
Cholestatic disease in children 53 1.0% 84 88 79 83 67 71 62 66 51 54
Other liver diseases 268 52% 76 82 66 73 57 66 53 60 43 47
Total number of first-LTX 5198

Abbreviations: LTX = liver transplantation; PSC = primary sclerosing cholangitis; PBC = primary biliary cirrhosis; No = number.

31 December 2013, regardless of transplantation status or re-
listing for transplantation.

Statistical analysis

Anonymized data was extracted from the Scandiatransplant
database. Statistical analyses were performed using SPSS
21.0 (Statistical Package for Social Sciences version, Chi-
cago, Illinois, USA). Kaplan—Meier plots were used to visual-
ize survival distributions and the Log-Rank test was used to
compare groups. Life-tables were used to calculate actuarial
survival. Predictors of patient and graft survival were evalu-
ated using Cox-regressions. p-Values < 0.05 were considered
statistically significant.

Results
Transplantation activity

From 1982 to 31st of December 2013, data from a total of
6019 patients from the five Nordic countries (Sweden, Nor-
way, Denmark, Iceland and Finland) had been entered into
the NLTR. Of these, 5198 patients (86.4% of the total;
2267 females [44%] and 2931 males [S6%]) had undergone a
total of 5812 LTX. Five hundred and twenty three patients
(10%) had been transplanted more than once, and 92 patients
(2%) had been transplanted more than twice. The total num-
ber of patients that have undergone LTX per country was as
follows; Sweden: 2489 (48%), Norway: 983 (19%), Finland:
916 (18%) and Denmark: 810 (16%).

For the entire period, there were 2391 (46%) recipients
with blood group A, 1858 (36%) with blood group O,
638 (12%) with blood group B and 311 (6%) recipients with
blood group AB. A total of 74 living donor LTX have been
performed, of which the majority (86.5%) were performed in

Sweden. Children (below 18 years of age) constituted
605 (11.6%) of the recipients in the registry.

As shown in Figure 1A, the annual number of first-LTX
has increased steadily throughout the entire period. The
annual number of LTX per million of the population (pmp)
in the four different countries demonstrates considerable vari-
ability (Figure 1B). In Norway, there has been a substantial
increase in transplant numbers during the last decade, and
now the liver transplant rate is close to 20 LTX pmp. The
lowest level of LTX in Scandinavia is seen in Denmark

(7.5 pmp).

Indications for LTX in the Nordic countries

The major indications for LTX in the Nordic countries for
the entire period between 1982 and 2013 are displayed
in Table I. PSC, acute hepatic failure, alcoholic liver disease,
PBC and HCC are the five most frequent diagnoses (repre-
senting 15.3%, 10.8%, 10.6%, 9.3% and 9.0%, respectively).
However, there have been considerable changes in the rela-
tive rank of indications for LTX over time. Most clearly has
been seen a significant increase in transplantations for HCC;
from 4.8% of the total between 1994 and 2004 to 12.0%
between 2004 and 2013 (Table II). In 2013, HCC accounted
for as many as 19.1% of all indications. Of the 62 patients
transplanted in 2013 with a primary diagnosis of HCC,
slightly less than half of the patients (n = 27) were registered
with a positive history of hepatitis C infection. Counting
these, hepatitis-C-associated disease accounted for a total of
18.8% of all transplantations.

When comparing the two decades (1994-2004 vs. 2004—
2013) LTX for cirrhosis due to HCV infection has increased
from 7.4% in the first period to 10.4% in the latter. The per-
centage of PSC patients has remained high (15-16 %)
through the entire period, while PBC has shown a decrease
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Table II. Primary indications for LTX in the Nordic countries and corresponding graft and patient survival for two consecutive 10-year periods (1994—
2004 vs 2004-2013). The number of patients transplanted according to the various indications during 2013, is displayed in the far right column.

From 1994 to 2004

From 2004 to 2013

l-year S-year l-year survi- S -year
survival (%) survival (%) val survival (%) 2013
No. of No. of No. of

Indication for LTX patients (%) Graft Patient Graft Patient patients (%) Graft Patient Graft Patient patients (%)
PSC 283 16.3% 83 89 74 81 444 159% 93 96 80 87 34 10.5%
PBC 169 9.7% 86 91 80 85 180 65% 92 94 82 87 16 4.9%
Autoimmune cirrhosis 66 38% 76 80 71 77 127 4.6% 87 90 80 85 20 6.2%
Alcoholic cirrhosis 211 12.2% 81 82 72 74 311 11.2% 89 92 78 81 35 10.8%
Acute hepatic failure 206 11.9% 73 80 63 69 263 94% 715 82 67 77 31 9.5%
Metabolic diseases 110 6.3% 80 82 73 75 199 7.1% 93 94 84 86 32 9.8%
Post-hepatitis B cirrhosis 53 31% 85 92 72 74 44 1.6% 88 90 79 85 5 1.5%
Post-hepatitis C cirrhosis 129 7.4% 70 81 53 81 290 10.4% 87 89 69 73 34 10.5%
Cryptogenic cirrhosis 70 4.0% 77 80 71 74 50 1.8% 88 90 78 80 0 -
Cirrhosis other causes 50 29% 88 88 68 70 142 5.1% 86 89 76 78 23 7.1%
Polycystic liver disease 25 14% 86 86 80 80 43 1.5% 92 98 92 95 3 0.9%
Hepatocellular carcinoma 83 48% 75 78 47 49 335 12.0% 86 88 63 66 62 19.1%
Cholangiocellular 11 0.6% 73 73 55 55 25 09% 72 84 27 42 0 -
carcinoma
Secondary liver tumors 9 05% 78 78 56 56 46 1.7% 89 94 58 60 5 1.5%
Other liver malignancies 34 20% 71 74 56 56 33 1.2% 84 90 60 72 3 0.9%
Budd-Chiari 34 20% 74 79 74 76 30 1.1% 75 89 60 73 3 0.9%
Biliary atresia 83 4.8% 75 77 67 72 86 31% 80 83 72 79 7 2.2%
Cholestatic disease in 16 09% 100 100 100 100 31 1.1% 76 83 67 74 5 1.5%
children
Other liver diseases 93 54% 75 86 65 75 108 39% 85 89 81 87 7 2.1%
Total number of LTX 1735 2787 325

Abbreviations: LTX = liver transplantation; PSC = primary sclerosing cholangitis; PBC = primary biliary cirrhosis; No = number.

Table III. Primary indications for LTX (first transplantations) during the last 10 years (2004—-2013), subdivided according to the different Nordic countries.

2004-2013 n (% of total for each country)

Indication

Sweden Norway Finland Denmark
PSC 189 (15.0) 121 (18.0) 74 (16.1) 60 (15.3)
PBC 67 (5.3) 45 (6.7) 39 (8.5) 29 (7.4)
Autoimmune cirrhosis 51 (4.0) 35(5.2) 23 (5.0) 18 (4.6)
Alcoholic liver cirrhosis 108 (8.6) 68 (10.1) 72 (15.7) 63 (16.1)
Acute hepatic failure 80 (6.3) 56 (8.3) 70 (15.2) 57 (14.6)
Metabolic diseases 114 (8.9) 31 (4.6) 22 (4.8) 32 (8.2)
Post-hepatitis B cirrhosis 28 (2.2) 9 (1.3) 2(0.4) 5(1.3)
Post-hepatitis C cirrhosis 218 (17.3) 46 (6.8) 14 (3.0) 12 (3.1)
Cryptogenic cirrhosis 24 (1.9) 6 (0.9) 12 (2.6) 8(2)
Cirrhosis other cause 40 (3.2) 44 (6.5) 28 (6.1) 30 (7.7)
Polycystic liver disease 12 (1.0) 11 (1.6) 7 (1.5) 13 (3.3)
Hepatocellular carcinoma 181 (14.3) 92 (13.7) 43 (9.3) 19 4.9)
Cholangiocarcinoma 12 (1) 12 (1.8) 0 (0) 1(0.3)
Secondary liver tumors 8 (0.6) 36 (5.3) 1(0.2) 1(0.3)
Other liver malignancies 17 (1.3) 7 (1.0) 6 (1.3) 3 (0.8)
Budd-Chiari 11 (0.9) 7 (1.0) 8 (1.7) 4 (1.0)
Biliary atresia 30 (2.4) 25 (3.7) 17 (3.7) 14 (3.6)
Cholestatic disease in children 11 (0.9) 5(0.7) 12 (2.6) 3(0.8)
Other liver diseases 62 (4.9) 17 (2.4) 10 (2.2) 19 4.9)
Total number of LTX 1263 673 460 391

Abbreviations: LTX = liver transplantation; PSC = primary sclerosing cholangitis; PBC = primary biliary cirrhosis.

in terms of the fraction of the total number of first LTX per-
formed, from 9.7% to 6.5%. However, the absolute number
of LTX on the basis of PBC has remained stable
(n =169 vs. n = 180).

When investigating the primary indications among first
liver allograft recipients during the last 10 years within
the specific countries, some notable regional differences
appear (Table III). LTX for alcoholic cirrhosis comprises
16.1% of the liver transplanted patients in Denmark and

15.7% in Finland, but only 8.6% in Sweden and 10.1% in
Norway. There is also a distinct difference in the number of
patients undergoing LTX for acute hepatic failure, being
highest in Finland (15.7%) and Denmark (16.1%) and lowest
in Sweden (6.3%). PSC is consistently one of the three main
indications in all the Nordic countries, most frequent in Nor-
way and Sweden (18.0% and 15.0%, respectively). Very few
patients have been transplanted due to post-hepatitis C cirrho-
sis in Finland during the last decade (3%), while this has
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Table IV. Median time on waiting list (days) in the Nordic centres combined, for patients receiving a first liver allograft since year 2004 (patients listed as

highly urgent are excluded from the calculations).

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
All blood types 40 41 41 51 58 44 64 46 39 41
Blood type A 29 38 26 33 56 24 33 27 26 27
Blood type 0 71 60 105 62 76 80 119 98 81 67
Blood type AB 10 23 42 52 44 24 36 14 29 45
Blood type B 44 44 28 63 84 83 90 67 38 61

Table V. Median time on waiting list (days) for patients receiving first liver allograft in 2013, subdivided according to the different Nordic countries
(patients listed as highly urgent are excluded from the calculations, numbers in brackets are 2012 numbers for comparison)

Copenhagen Gothenburg Helsinki Oslo Stockholm
Blood type A 65 (65) 19 (40) 6 (21) 24 (9) 36 (30)
Blood type 0 102 (187) 166 (257) 13 (79) 43 (26) 171 (99)
Blood type AB 108 (16) 40 (NA) 19 (29) 24 (6) 67 (18)
Blood type B 155 (27) 39 (69) 16 (4) 92 (33) 189 (118)

been one of the most frequent indications in Sweden during
the same period (17.3%). The proportion of recipients with
malignant liver disease also differs considerably between the
four countries. HCC is one of the major indications in Swe-
den (14.3%) and Norway (13.7%), but represents only a small
proportion of the Danish patients transplanted the last
10 years (4.9%) (Table III).

Time on waiting list

The median waiting time for all patients listed for a first
LTX (excluding urgent patients) during the last 10 years was
39 days. The waiting time has remained relatively stable dur-
ing this period. The median waiting time for patients under-
going a non-urgent LTX in 2003-2004 was 31 days, and in
2012-2013 it was 34 days. The median waiting time for the
entire period since 1982 was 35 days. The pooled median
waiting time for all the Nordic countries according to the dif-
ferent blood groups for the last ten years is displayed
in Table IV, and stratified by transplantation centre for the
last two years in Table V. The number of deaths on the wait-
ing list in 2013 was 20 (Denmark 1, Sweden 11, Finland O,
Norway 8), the corresponding numbers for 2012, 2011 and
2010 were 15, 21 and 19, respectively. There has been no
consistent increase in waiting times for any blood group the
last 10 years (Table V).

Recipient age at transplantation

The recipient age distribution throughout the period 1982-
2013 is shown in Figure 1C. One hundred and forty-one chil-
dren (2.7%) less than 1 year old have undergone a first LTX;
158 children (3.0%) were between 1 and 4 years when
receiving their first liver graft; 925 patients (17.8%) were
between 60 and 70 years and only 44 patients (0.8%) were
more than 70 years at the time of LTX. The annual number
of liver recipients older than 60 years has gradually increased
over the last two decades (Figure 1D) and now accounts for
approximately 30% of all the LTX.

Donor characteristics

The median donor age has increased throughout the period
between 1982 and 2013 (30 years in 1993, 47 years in
2003 and 54 years in 2013, respectively). The donor male
and female percentages during the total period were 56% and
44%, respectively. An increasing proportion of livers have
been procured from donors older than 60 years (0% in 1993,
17% in 2003 and 40% in 2013). During the last 3 years, 13%
of the donors were older than 70 years and the oldest donor
was 86 years.

Patient survival after LTX

When all indications were included for the entire study period,
the overall survival rates after first LTX in the Nordic coun-
tries were 85 % at 1 year, 75% at 5 years and 64% at 10 years.
When analyzing patients transplanted within the 10 last years
(2004-2013) the corresponding figures were 91%, 80% and
71%, respectively. Patient survival rates for the four major
patient groups are shown in Figure 2B. The patient survival
has improved significantly over the years as is displayed
in Figure 2D, which shows the survival rates during five dif-
ferent time periods. Of note, survival curves for patients
undergoing LTX during the two latest five-year time periods
are practically identical. There are distinct differences in
patient survival rates according to diagnosis (Table II). Infe-
rior long time survival is notable for patients receiving a liver
allograft on the basis of HCV with a 5-year survival of 73%
and malignant disease; HCC and cholangiocarcinoma (CCA),
with S5-year survival rates of 66% and 42%, respectively
(Table II). Recipients above the age of 60 years operated
within the last 10 years have on average 1-, 3- and 5-year sur-
vival probabilities of 88%, 78% and 73%, respectively. During
this period, 32 patients above the age of 70 years have
received a first liver graft with 1- and 3-year patient survival
rates of 97% and 81%, respectively.

Laboratory MELD was possible to calculate for 67% of
our patients (after 2001 when INR was uniformly imple-
mented). The median laboratory MELD score at listing since
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Figure 2. (A) Patient Kaplan—Meier survival after first liver transplantation (LTX) between 2001 and 2013, subdivided according to model of end-
stage liver disease (MELD) score. (B) Patient Kaplan—Meier survival curves per disease category for first LTX during the period of 1982 and 2013.
(C) Patient Kaplan—Meier survival curves stratified by retransplantation status for LTX performed between 1982 and 2013. (D) Patient Kaplan—Meier

survival curves according to different time periods between 1982 and 2013.

2001 was 15 (range 6-40) and 46% of the patients had a
score below 14 (Table VI). Figure 2A shows survival curves
according to different MELD scores. Cox regression analysis
showed no significant impact from MELD on patient survival
in our data. Recipients with MELD scores of 6-13, 14—
21 and 22-33, respectively, had survival outcomes of 92.6%,
91.0% and 89.1% at 1 year; 78.7%, 81.7% and 82.0% at
5 years; and 68%, 72.8% and 82% at 10 years. Recipients
with the highest MELD score, that is a MELD score of 34 or
greater, showed survival estimates of 83.3%, 77.1% and
74.2% at 1, 5 and 10 years, respectively.

Retransplantations

In total, 698 (13.4%) patients were listed for retransplantation
and the procedure was performed in 523 (10.1%) of these
patients. Hence, 74.9% of all patients listed for a first retrans-
plantation actually underwent retransplantation. The retrans-
plantation rate, for all centres combined, has fluctuated
between 8 and 15% during the last two decades (data not
shown). A total of 77 patients were transplanted a third time,
14 patients a fourth time and 1 patient a fifth time during the
entire period. As expected, patient survival in the subgroup

of patients having undergone at least one retransplantation is
worse than if no retransplantation is performed (Figure 2C).

Pediatric transplantation

The most frequent diagnosis for LTX in children (under
18 years of age) is biliary atresia (Table I), which accounts
for 31.7% of all first LTX in this patient category. The median
annual number of patients listed under this diagnosis the last
10 years is 9, and this has remained relatively stable over
the last two decades, ranging from 5 to 12 patients per year.

Predictors of patient and graft survival

Potential predictors of patient and graft survival were evalu-
ated using univariate cox-regressions. Sex, donor-age, recipi-
ent age, LTX period, waiting time and listing for
retransplantation significantly affected both patient and graft
survival (Table VII and VIII). Listing for LTX in the context
of a highly urgent call was not associated with long-term over-
all patient and graft-survival. When the significant predictors
were tested in a multivariate model, only waiting time did not
remain an independent predictive factor (Tables VII and VIII).
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Table VI. Median age and median MELD score (at listing) for patients transplanted during 2004—-2013. Retransplantation rates for the same period and for

the total period are given for each diagnosis.

2004-2013 2004-20013 2004-2013 1982-2013
Indication Median age (range) Median MELD (range) Re-LTX (%) Re-LTX(%)
Acute liver failure 44.9 (0.1-74.1) 36.6 (6-40) 12.2 12.0
Alcoholic liver cirrhosis 57.4 (22.0-72.8) 17.5 (7-40) 4.2 4.5
Autoimmune cirrhosis 43.6 (10.6-70.0) 16.2 (7-40) 7.9 9.1
Biliary atresia 1.0 (0.4-40.1) 17.9 (8-33) 9.3 11.9
Budd-Chiari 34.5 (2.8-65.2) 17.8 (11-31) 20.0 154
Cholangiocarcinoma 53.8 (28.3-70.7) 9.5 (6-24) 154 6.8
Hepatocellular carcinoma 58.8 (3.9-74.1) 10.6 (6-40) 4.2 4.8
Metabolic liver disease 50.7 (0.7-71.8) 10.3 (6-38) 2.6 7.5
PBC 57.5 (24.3-73.2) 15.1 (6-40) 6.7 7.9
Post-hepatitis B cirrhosis 51.8 (8.3-67.9) 14.7 (7-34) 6.8 8.3
Post-hepatitis C cirrhosis 53.9 (17.0-73.0) 14.7 (6-40) 7.6 9.3
PSC 43.0 (14.3-73.4) 12.5 (6-40) 7.9 11.4
SECA 55.2 (31.6-71.2) 7.5 (6-40) 6.9 4.0

Abbreviations: LTX = liver transplantation; PSC = primary sclerosing cholangitis; PBC = primary biliary cirrhosis; MELD = model of end-stage

liver disease; SECA = secondary liver cancer.

Outcome of patients listed for LTX (intention to treat)

Data from the time of listing were available from 1994 to
2013, and we could perform an ITT analysis using 75.1%
(n = 4522) of the dataset. During this period, 262 patients
(5.8%) died while waiting for a liver graft. Four hundred
and thirty-three patients were permanently withdrawn from
the list after a median waiting time of 37 days (range O to
1352), of these patients 297 (68.6%) died within a median
of 49 days (0 to 5295), and the rest were alive at the end
of follow-up (n = 136). Nine patients were lost to follow-
up after they were permanently withdrawn from the wait-
ing list (mainly patients from outside of the Nordic coun-
tries). Patients listed for acute hepatic failure or alcoholic
cirrhosis was most likely to die on the waiting list
accounting for 21.4% and 16.8% of the deaths, respec-
tively. From time of listing (between 1994 and 2013) the
1-, 3- and 5- year survival in the ITT analyses were 80%,
73% and 69%, respectively. During the same time period,
the corresponding survival figures for patients undergoing
LTX were 88%, 82% and 77%, respectively. Similar to
what was seen for the post-LTX survival rates, the ITT
analysis displayed considerable improvement in overall
survival over the last time periods and 1- and 5 years sur-
vival increased from 82% and 72%, respectively, in the
time period of 1994-1998 to 93% and 80%, respectively,
for the period of 2009-2013. In the ITT analysis, the
survival of patients with acute liver failure at 1-, 3- and
5 years was 69%, 65% and 62%, respectively, compared to
the survival following LTX at 1-, 3- and 5 years of 78%,
74% and 70%, respectively.

Patients listed with HCC had shorter time on the waiting
list. It is also small differences in survival rates in the ITT
analysis (1, 3 and 5 year of 82%, 64% and 55%, respec-
tively, compared with corresponding figures following LTX
of 86%, 70% and 62%, respectively). For patients listed for
CCA or secondary liver tumors (mainly colorectal liver
metastases), the difference was more pronounced. In the
ITT analysis, the survival of patients with CCA at 1-, 3-
and 5 years was 68%, 47% and 36%, respectively compared

to the survival following LTX at 1-, 3- and 5 years of 88%,
63% and 48%, respectively. While the corresponding figures
for patients listed for secondary liver tumors was 82%, 57%
and 48% in the ITT analysis and 92%, 67% and 60% follow-
ing LTX.

Discussion

With data on more than 6000 patients listed for LTX, the
NLTR provides a unique opportunity for evaluating the
development and results of LTX in the Nordic countries. The
mandatory participation in the registry ensures inclusion of
data from all patients listed and transplanted within the Scan-
diatransplant network. The main aim of this report was to
neutrally describe key features and outcomes of the Nordic
LTX program. The results have been aligned with established
factors that affect the outcome after LTX (e.g. MELD, age,
donor characteristics etc.) without drawing conclusions as to
the validity of the current practice.

In Denmark, Finland and Norway, all LTX are performed
at a single centre, whereas Sweden has two liver transplant
centres. There is a close and well-functioning collaboration
between the centers, including an invaluable organ exchange
program within Scandiatransplant. The close cooperation
between the centres has also ensured common guidelines and
a quite similar practice regarding operative technique, postop-
erative care, immunosuppressive protocols and long-term fol-
low-up [18] and represents a major strength of the program
and associated outcomes as herein presented. The social wel-
fare system is well developed and robust in all the Nordic
countries, ensuring all patients the benefit of follow-up at
regular intervals as well as reliable and essentially free access
to medications or hospitalization when needed.

The number of first LTX has increased annually; however,
during the last 2 years, the number of first LTX have
remained stable (n = 325 both years) and it will be interest-
ing to observe if the Nordic program is about to reach a simi-
lar plateau as seen in the rest of Europe in recent years [4].
Like in the rest of the world, a plateau is related to limited
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Table VII. Univariate and multivariate Cox regressions evaluating patient survival after first liver transplantation in the Nordic countries.

Univariate Multivariate

p-Value HR 95% CI for HR. p-Value HR 95% CI for HR
Female gender <0.0001 0.84 0.77-0.92 0.006 0.93 0.88-0.98
Tx period 2009-2013 (ref) <0.0001 <0.0001
Tx period 1982-1993 <0.0001 2.63 22-3.15 <0.0001 2.54 1.98-3.26
Tx period 1994-1998 <0.0001 2.01 1.68-2.4 <0.0001 1.89 1.55-2.29
Tx period 1999-2003 <0.0001 1.66 1.38-1.99 <0.0001 1.58 1.30-1.91
Tx period 2004-2008 0.002 1.34 1.12-1.61 0.007 1.29 1.07-1.56
Blood type 0 (ref) 0.95
Blood type AB 0.67 1.04 0.89-1.22
Blood type A 0.72 1.04 0.83-1.32
Blood type B 0.57 1.05 0.89-1.22
Waiting time 0.001 1.0001 1.00005-1.002 0.56 1.00 1.00-1.00
MELD score 613 (ref) 0.64
MELD score 14-21 0.63 0.91 0.64-1.32
MELD score 22-33 0.28 0.82 0.56-1.18
MELD score 34-40 0.70 0.92 0.61-1.39
Donor age <0.0001 1.01 1.01-1.01 <0.0001 1.01 1.01-1.02
Recipient age <0.0001 1.01 1.01-1.02 <0.0001 1.01 1.01-1.02
Listed as highly urgent 0.82 0.98 0.80-1.18
Kidney dialysis at entry 0.12 1.19 0.19-1.47
Listed for retransplantation <0.0001 1.71 1.53-1.92 <0.0001 1.74 1.52-1.98

Abbreviations: HR = hazard ratio; Tx = transplantation; MELD = model for end stage liver; CI = confidence interval.

availability of donors and not due to lack of liver recipients
[27]. When analyzing the total patient population in 5-year
intervals, there was a significant increase in LTX activity in
all the Nordic countries. However, over the last few years the
annual number of transplantations seems to have stabilized.
This is most pronounced in Denmark and Finland while Swe-
den and Norway have continued to have a slight increase.
The retransplantation rate has remained stable around 10%
since the beginning of the 1990s and thus has had no major
impact on the number of transplants performed.

None of the transplant programs within NLTR use the
MELD-score [28] as a criterion for organ-allocation, but
within each individual centre the MELD score are sometimes
used to determine the recipients of greatest need. Still the
data within the NLTR allowed us to calculate the laboratory
MELD at time of listing for the majority of the patients. This
analysis revealed that our population has a relatively low
MELD, to which HCC patients, patients transplanted for
FAP, neuroendocrine tumors and colorectal metastases with-
out MELD score compensation contribute. Since MELD was
designed as a score predicting risk of death within 3 months
if not transplanted [22], the score may have limited validity
in the Scandinavian setting, particularly in countries with
very short waiting times (i.e. Finland and Norway).

The LTX survival rates found in the present analysis com-
pare favorably with any centre in the rest of Europe and the
United States [4,29,30]. There has been a dramatic improve-
ment in survival since the start of our programs. This is
mainly due to improved survival within the first year, which
is difficult to significantly improve. To what extent the
apparent lack of further improvement in overall results during
the last 10 years is due to changes in age and in the spectrum
of diagnoses, or a general lack of improvement in long-term
management, warrants further investigation. In a recent publi-
cation by NLTR, the survival beyond 1 year was demon-
strated in more details. In this analysis, it was suggested that
in order to improve long-term survival, increased attention

should be on cancer screening in high-risk patients, reducing
the occurrence and impact of kidney disease, improving early
detection and management of infections, depression and sui-
cidal behavior, and supporting alcohol abstinence [31]. Fur-
ther improvements in the immunosuppressive regimens will
also be important.

The fact that the NLTR has follow-up data on all patients
transplanted and close to complete data on all patients listed
provided a unique opportunity to assess the survival after
LTX in an ITT analysis. This analysis includes all patients in
need for a transplant at a given time-point irrespective of
whether they underwent LTX or not. As expected, the overall
survival was only slightly decreased compared to the survival
following LTX and probably reflects the short waiting time.
It is worth noting that the ITT survival for HCC was in prac-
tice similar to the post-LTX survival indicating a low degree
of withdrawals due to cancer progression and deaths on the
waiting list.

Recipient age has continued to increase throughout the
period 1982 to 2013. The proportion of patients over 60 years
of age now accounts for nearly 30% of all first LTX. Our
results show a highly satisfactory survival among these
patients with a 1-, 3- and 5 year survival of 88%, 79% and
71%, respectively, during the last decade. The annual number
of children between 1 and 4 years receiving a first liver graft
increased considerably during the early nineties due to the
introduction of partial LTX. During the last two decades, the
number have remained relatively stable, fluctuating between
4 and 11 transplantations per year reflecting that there has
not been an increase in the recipient pool for LTX in children
of this age group. This corresponds well with data from the
European Biliary Atresia Registries, with an estimated inci-
dence of biliary atresia of 1:18,000 live births [32]. The
annual number of new patients in the Nordic countries would
thus be in the range of 10-20. The majority of these children
will sooner or later need a liver graft [33]. The good out-
comes in this group are encouraging, given the fact that LTX



806 B. Fosby et al.

Cas Rep Plast Surg Hand Surg, 2015; 50(6):797-808

Table VIII. Univariate and multivariate Cox regressions evaluating graft survival after first liver transplantation in the Nordic countries.

Univariate Multivariate

p-Value HR 95% CI for HR p-Value HR 95% CI for HR
Female gender (ref) 0.001 0.86 0.79-0.94 0.04 0.96 0.91-1.00
Tx period 2009-2013 (ref) <0.0001 <0.0001
Tx period 1982-1993 <0.0001 2.28 1.94-2.68 <0.0001 1.53 1.22-1.93
Tx period 1994-1998 <0.0001 1.85 1.58-2.17 <0.0001 1.40 1.77-2.03
Tx period 1999-2003 <0.0001 1.54 1.31-1.81 0.02 1.23 1.04-1.46
Tx period 2004-2008 0.002 1.28 1.09-1.51 0.02 1.11 0.94-1.31
Blood type 0 (ref) 0.89
Blood type AB 0.71 1.02 0.94-1.09
Blood type A 0.75 1.01 0.94-1.09
Blood type B 0.84 1.01 0.88-1.17
Waiting time 0.032 1.00008 1.000007-1.00001 0.43 1.00 1.00-1.00
MELD score 613 (ref) 0.71
MELD score 14-21 0.84 0.71 0.66-1.22
MELD score 22-33 0.41 0.65 0.50-1.11
MELD score 34-40 0.77 0.75 0.51-1.41
Donor age <0.0001 1.01 1.01-1.01 <0.0001 1.01 1.00-1.02
Recipient age <0.0001 1.01 1.00-1.01 <0.0001 1.01 1.01-1.02
Listed as highly urgent 0.72 0.94 0.70-1.16
Kidney dialysis at entry 0.15 1.19 0.17-1.49
Listed for retransplantation <0.0001 3.64 3.09-4.24 <0.0001 3.14 3.01-4.54

Abbreviations: HR = Hazard ratio; Tx = Transplantation; MELD = Model for end stage liver; CI = Confidence interval.

in children inevitably is a low volume activity. In the adult
patient population, PSC has been the most frequent indica-
tion for LTX in the Nordic countries. The survival after
transplantation in this group is excellent, despite the lack of
predictability of the disease process, including the risk of
developing cholangiocarcinoma [34]. The number of patients
with alcoholic liver disease has remained stable throughout
the entire period. When evaluating the listing diagnosis for
the entire material alcoholic liver disease represents almost
11% of the indications. However, we must take into account
that some patients listed with for instance HCC or hepatitis C
infection could also have a significant consumption of alco-
hol contributing to the disease. A study conducted in Gothen-
burg showed that as many as 19% of first LTX performed
between 1988 and 2003 were due to alcoholic liver disease
[35]. Of these, 35% of the patients also had hepatitis C. It is
therefore reasonable to assume that the number of patients
where alcohol consumption is contributing to the disease is
higher than what is given by the primary diagnoses of listing
available from the NLTR. In Denmark, alcoholic cirrhosis
has been the major indication (16%) in the last 10-year
period, while in Finland the second largest indication (16%).
Of note, the long-term (>10 years) survival for this group of
patients is worse than for several other cirrhotic indications
and in contrast to the beneficial 5-year survival. This finding
warrants further detailed studies as well as confirmation in
other series.

The prevalence of HCV and HBV has historically been
low in the Nordic countries [36,37] and cirrhosis due chronic
viral infection (HCV and HBV) has consequently accounted
for only a small proportion of LTX in the Nordic countries
(in contrast to the situation in most Western countries) [38—
40]. However, as shown by the present assessments there has
been a steadily increasing number of patients referred for
LTX due to HCV cirrhosis over the recent years. The Nordic
countries jointly considered, HCV cirrhosis now accounts for
more than 10% of all LTX. In Sweden, it has become the

second most frequent indication for LTX, only surpassed by
HCC. The recent developments might indicate that the HCV
epidemic in Scandinavia has a time-shift as compared with
the rest of the Western world.

Detailed data on tumor burden in transplanted HCC
patients is not recorded in the NLTR and represent an impor-
tant limitation when evaluating this group of patients. Never-
theless, due to the good access to organs, a considerable
number of patients outside of the inclusion criteria like Milan
[41] or UCSF [42] have been transplanted with acceptable
results in the group as a whole [43]. In Norway, since 2005,
the local criteria for acceptance of HCC patients on the wait-
ing list has been 1) single tumor up to 10 cm, 2) five tumors
up to 4 cm and 3) if more than five tumors all should be less
than 2 cm (“Oslo Criteria”). This practice has been facilitated
by unique access to donor organs and the short waiting times
and may suggest that further stratification of LTX in HCC
patients with tumors exceeding standard acceptance criteria
warrants investigation [44,45]. In contrast, patients with chol-
angiocarcinoma exhibit a 5-year survival rate of 39% during
the last 10 year period. In selected patients (i.e. TNM<2 and
CA 19-9 < 100), patients transplanted after 1995 had a
5-year survival of 58% in a previous study from the NLTR
[46]. LTX for secondary liver tumors has been considerably
higher in Norway (5.3%) than in the other Nordic countries
during the last 10-year period, where LTX on this indication
is well below 1%. The marked difference is explained by the
Norwegian study on LTX for colorectal liver metastases
(CLMs) which was initiated in 2006 [47]. In the rest of the
world, CLMs are currently considered an absolute contraindi-
cation for LTX. The first results of the Norwegian study was
published in 2013 and showed 1-, 3- and 5 years patient sur-
vival of 95%, 68% and 60%, respectively [47], further sug-
gesting the utility of LTX in highly selected cases of
different types of liver malignancies.

The integration of NLTR with the Scandiatransplant
waiting-list system was completed in 1994. The registry
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would not have existed without prior pioneering efforts over
the preceding 5 years period (1989—1994) in establishing the
prospective registration (efforts driven mainly by Susanne
Keiding, Krister Hockerstedt, Erik Schrumpf and Bo-Goran
Ericzon, in Denmark, Finland, Norway and Sweden, respec-
tively). The integration with the Scandiatransplant waiting
list system is unique in providing 100% coverage of donors
and recipients, as well as comprehensive waiting list data and
donor information. The Nordic countries also provide a sub-
set of data for processing in the ELTR; http://www.eltr.org/),
but this input only accounts for transplanted patients. Impor-
tantly, the NLTR forms a hub for the NLTG collaboration. It
provides an essential basis for volume and quality monitor-
ing, has served dozens of collaborative scientific projects and
warrants support and continuation.

In conclusion, the Nordic transplant program shows a dis-
tinct spectrum of key diagnoses of underlying liver diseases
and delivers outcomes comparable to the rest of Europe and
the United States. The access to organs has been very good
with short waiting times, low waitlist mortality and the possi-
bility to transplant patients with extended indications. The
number of transplants may be about to reach a plateau, and
work to maintain the unique donor access is warranted.
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