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Summary

There are few studies focusing on long-term complications in liver transplant

(LT) recipients. The aim of this study was to define the outcome of LT recipients

having survived at least 10 years from LT. Of 323 adult LT done between 1991

and 1997, the 167(52%) alive >10 years post-LT (baseline time) formed the study

population. Long-term outcome measures included the following: immunosup-

pression, metabolic complications [obesity, arterial hypertension (AH), diabetes,

dislypidemia], cardiovascular events (CVE), chronic renal dysfunction-CRD, and

de novo tumors. Median age at LT was 50 years. Most common indication was

postnecrotic cirrhosis (89%), mostly because of HCV (46%). At study-baseline

(10 years post-LT), 29% were obese and AH, diabetes, dislypidemia, and CRD

were present in 75%, 30%, 42%, and 36%, respectively. In most cases, these com-

plications were already present 1 year post-LT; less than one quarter developed

them onward. The 6 year cumulative survival since baseline reached 84% (n = 24

deaths), with most deaths related to recurrent graft diseases (mostly HCV) fol-

lowed by de novo tumors or CVE. 1, 3, 5 and 10 years cumulative rates of CVE

and de novo tumors since baseline were 2%, 5%, 10% and 17%, and 1%, 3%, 6%

and 13%, respectively. Chronic renal impairment was independently associated

with survival and development of CVE since baseline. The medium-term survival

of ‘long-term survivors’, i.e. patients alive 10 years after LT is good, but metabolic

complications and CRD are common and continue to increase afterwards.

Cardiovascular events and de novo tumors increase gradually over time and

represent a major cause of late mortality.

Introduction

As a result of improvements in surgical techniques, immu-

nosuppression regimes and management of infections, sur-

vival following liver transplantation (LT) is significantly

better in recent years. Currently, median survival is about

90% at 1 year and 60% at 10 years [1]. Most studies to date

have focused on short- and medium-term patient and graft

survival, so that main causes of patient mortality and graft

dysfunction are now clearly established and include, in the

first years, infections and recurrent diseases while in the

medium- and long-term nonhepatic causes such as de novo

tumors or cardiovascular events (CVE) [2–4].
There are few studies aimed at evaluating the clinical sta-

tus of ‘long-term survivors’, that is patients surviving

beyond the first 10 years post-transplantation [5,6]. The

main aim of this study was, hence, to define the clinical

outcome of liver transplant (LT) recipients having survived

at least 10 years from surgery; most specifically, we aimed

to: [1] determine their clinical complications, specifically

metabolic complications associated with cardiovascular

risk, such as diabetes mellitus (DM), arterial hypertension
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(AH), obesity, and dyslipidemia (DL), as well as chronic

renal dysfunction (CRD) and de novo tumors; [2] establish

the impact that these complications have on the develop-

ment of CVE and patient survival; and [3] define risk fac-

tors associated with the development of these

complications, with the final aim of developing strategies to

prevent their occurrence.

To reach these aims, a retrospective analysis of our pro-

spectively maintained transplant database was undertaken.

Patients and methods

Patients

A retrospective analysis of the LT database established in

1991 and maintained prospectively since then was per-

formed. Variables that were not available in the database

were searched manually in the patient charts. This was fol-

lowed by phone call and/or actual visits to the patients to

confirm the information gathered in the charts as well as to

obtain information that was not in the charts.

Inclusion criteria were as follows: adult patients trans-

planted in our center between 1991 and 1997 with a

minimum survival of 10 years since transplantation and

with available long-term follow-up data. Retransplanted

patients with a minimum survival of 10 years since

retransplantation were also included. There were no live-

donor LT nor organs procured from donation after

cardiac death.

Methods

‘Ten years after transplantation’ was considered the ‘Base-

line of the study’. An analysis of patient survival and causes

of mortality since baseline was performed. The date of the

most recent hospital visit was considered the last follow-up

among surviving patients (to a maximum set in August,

2011) while the date of death was used for those who had

died.

Cardiovascular events, de novo tumors (excluding skin

tumors) and CRD since baseline were evaluated. Variables

that could impact survival as well as the development of

these complications were analyzed including the following:

(i) patient demographics (age and gender); (ii) pretrans-

plantation data, such as transplant indication, history of

tobacco use, body mass index (BMI), AH, diabetes, obesity,

DL, chronic renal insufficiency, Child-Pugh and MELD

scores and primary vs retransplantation status; (iii) donor

data (age, gender, cause of death, BMI, obesity, steatosis);

(iv) immediate post-transplant-related data (immunosup-

pression, rejection) and (v) medium- and long-term vari-

ables evaluated at different time points (first, 5th and 10th

year), including risk factors for CVE (smoking, obesity,

AH, diabetes and DL), alcohol intake, renal function, and

de novo tumors. Protocol liver biopsies were performed in

all patients at 1, 3, and 5 years post-LT. In addition, hepati-

tis C virus (HCV) (+) patients had 7 and 10 years available

liver biopsies.

Causes of death are those listed as the primary cause of

death by the physician involved in the care of patient.

Definitions

The following definitions were used:

1. Diabetes mellitus (OMS criteria): fasting glycemia

� 126 mg/dl or � 200 mg/dl at any time during the day,

in at least three consecutive tests, or the need for anti-

diabetic agents [7].

2. Arterial hypertension (OMS criteria): systolic blood

pressure of � 140 mmHg and/or diastolic blood pressure

of � 90 mmHg, in at least three consecutive evaluations or

the need for antihypertensive treatment [8].

3. Dyslipidemia: fasting cholesterol and/or triglycerides

levels higher than 240 mg/dl and 150 mg/dl, respectively,

in at least in three consecutive blood tests or the need for

anti-lipidemic agents [9].

4. Chronic renal dysfunction: creatinine levels higher than

1.5 mg/dl in at least three consecutive blood tests for at

least 30 days. This cut-off was chosen to be able to compare

the data with that of prior published studies [4,10,11].

5. Overweight and obesity (OMS criteria): BMI greater

than 25 or 30 kg/m2, respectively [12].

6. Alcohol consumption: Pre-LT, Significant alcohol con-

sumption was defined as >50 g/day for a period of >5 years

or >80 g/day for a shorter period. This information was

obtained from chart review, most specifically from the pre-

transplantation protocol used in our center. All patients

with alcoholic cirrhosis fulfilled criteria for abstinence from

alcohol for greater than 6 months and were evaluated by a

psychiatrist prior to transplantation. Post-transplantation

alcohol intake was divided into mild, moderate, or severe

[13].

7. Tobacco use: information regarding the number and

years of tobacco use was obtained from chart review and

personal patient contact.

8. Cardiovascular events were defined as ischemic cardio-

myopathy (myocardial infarction or angina with pathologi-

cal coronary angiography), cerebrovascular disease

(thrombosis or hemorrhagic stroke demonstrated on com-

puted tomography or magnetic resonance imaging) and

peripheral vascular disease (occlusive or sub-occlusive arte-

rial disease). CVE in patients with sepsis or hemorrhage

were excluded.

9. De novo tumors: skin tumors and recurrent hepatocel-

lular carcinoma (HCC) were excluded. Skin malignancies

were excluded because of high prevalence of these tumors

in our geographical area and the high likelihood of their
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underestimation as most are discovered and treated in

other centers.

Immunosuppression protocol

Immunosuppression at our centre in this period consisted

of calcineurin inhibitor –CNI (mainly cyclosporine - Csa),

azathioprine (AZA) and methylprednisolone therapy. Tar-

get whole blood trough levels of Csa were 250–350 the first

month, 150–250 ng/ml the second and the third months,

100–150 ng/ml until the end of the first year, and 100 ng/

ml thereafter. Target whole blood trough levels of tacroli-

mus (Tac) were 5–15 ng/ml the first 3 months, 5–10 ng/ml

thereafter. In patients with development of renal dysfunc-

tion, mycophenolate mofetil (MMF) was used from 1995

together with reduction in the CNI dose. Methylpredniso-

lone was initiated with a 1-gm intravenous bolus immedi-

ately after the reperfusion of the graft and then tapered

progressively to 20 mg/day (day 6) and was discontinued

6–12 months after LT. AZA was discontinued within

6 months post-LT. Recurrent hepatitis C has been treated

with interferon-based therapies which have evolved over

time [14].

Statistical analysis

All data were analyzed using the statistical package SPSS

(version 15.0 SPSS Inc, Chicago, IL). The chi-squared test

was used for comparing qualitative variables and Student

t-test and Mann–Whitney U-test for comparing quantita-

tive continuous variables. Quantitative variables which

were normally distributed were expressed as mean val-

ues � 1 S.D and those non-normally distributed were

expressed as median values (range). Significance testing

was two-sided and set at P < 0.05. Survival curves were

analyzed using the Kaplan-Meier curves and compared

with the log-rank. Cox-regression was used to assess the

independent factors associated with (i) survival; (ii) devel-

opment of CRD; (iii) development of de novo tumors; and

(iv) development of cardiovascular events.

Results

Study population

Overall transplanted population: between 1991 and 1997,

323 liver transplants were performed in adults (� 14 years

of age) in our center, with a median follow-up since trans-

plantation of 11.5 years (range: 0–20 years). No patient

had combined liver–kidney transplantation and all except

one were Caucasian. Of these, 156 patients (48.3%) dying

before the 10th post-transplant year – at a median of 2.25

(range: 0–10) years – were excluded (Table 1). Most deaths

occurred during the first year (37%) – similar to what has

been recently reported in the Pittsburg′s series [15]. The

causes of these early deaths were: (i) liver-related causes

(n = 45; 29%), including recurrence of nontumoral pri-

mary diseases (n = 34), hyperacute rejection (n = 1),

chronic rejection (n = 6), and primary graft failure

(n = 4); and (ii) extra-hepatic causes (n = 111, 71%) such

as tumors – including HCC recurrence- (n = 36), infec-

tions (n = 31), CVE (n = 2) and others (n = 22).

The cause-specific probability of death over time (by pri-

mary cause) of all the 323 transplants performed between

1991 and 1997 is shown in Fig. 1. While infections were the

leading cause of death in the first 2 years, hepatic causes

Table 1. Causes of mortality of the patients who died in the first

10 years after liver transplantation (n = 156).

Timing of death

Intra-operative death 5 (3.2%)

In-hospital death 33 (21.2%)

In follow-up 118 (75.6%)

Causes of death

Recurrence liver disease

Non-HCC 34 (22%)

HCC 9 (6%)

Rejection 7 (4.5%)

Primary graft failure 4 (2.5%)

Infections 31 (20%)

De novo malignancy 28 (18%)

Cardiovascular events 22 (14%)

Others 21 (13%)

HCC, hepatocellular carcinoma.

Hepatic Malignancy

N 323

323 216 

CV

Infection Others

158 81

D
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th
 (%

) 

Patients at risk (n)

Figure 1 Cumulative incidence of cause-specific probability of death

from LT.
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were the most common thereafter and overall, with

increased cumulative rate overtime. After the 5th year,

de novo tumors become the second most frequent cause of

patient mortality.

‘Long-term survivors alive 10 years post-LT’: of the 167

patients with a minimum survival of 10 years, nine addi-

tional cases were excluded because of lack of data (lost to

follow-up), so that the final cohort comprised 158 LT recip-

ients surviving beyond 10 years from transplantation. Their

median age at baseline was 60.4 years (24–75). The main

features of these patients at time of liver transplantation

(including transplant demographics, indication for liver

transplantation and donor-related factors) and data regard-

ing immunosuppression/rejection are shown in Table 2.

The median age at transplantation was 50 years and 67%

were men. Most common indication for transplantation

was postnecrotic cirrhosis (89%), mostly caused by HCV

(46%). The majority of the patients were Child B (53%).

Before LT, there were 65 smokers (41%), more in men than

in women (54% vs 15%, P < 0.001), whereas a history of

alcohol intake was reported by 54 patients (34%), also

significantly more frequent in men than in women (44% vs

17%, P = 0.001). After transplantation, 20% of patients

were active smokers (n = 32), without differences in gender,

whereas alcohol intake was reported by 19 patients (12%).

The main immunosuppressive agent immediately after

LT was Csa used in 97.5% of cases and discontinued in

14% of cases at a median of 11.5 years. In turn, steroids

were used in 100%, discontinued in 95% at a median

of 1.5 years since surgery (mainly per protocol) and

re-introduced in 25% of patients at a median of 6 years

post-transplantation (mainly in the context of autoimmu-

nity or rejection). MMF was introduced in 31% of the

patients after a median of 8 years since transplantation,

mostly in the setting of renal impairment. Fifteen patients

were switched to tacrolimus (Tac), 12 because of gingival

hypertrophy. Globally, more than two-third of recipients

were on Csa (59%) or Tac (4%) or MMF (9%) monothera-

py, and 21% were on concomitant steroid therapy.

The main characteristics of the patients at baseline, that

is, 10 years from transplantation are shown in Table 3.

These patients were followed for five additional years,

ranging from 0.2 to 10 years. Twenty-two percent had

developed cirrhosis, mainly because of recurrent hepatitis

C, by the time they had reached the 10th year post-LT.

Patient survival and causes of late mortality

(since baseline)

Since baseline, 24 of the 158 ‘long-term survivors’ (15%)

have died with a cumulative survival of 98%, 94%, 87%,

and 84% at 1, 3, 5, and 6 years, respectively. The main

Table 2. Characteristics of the 158 patients at time of liver transplanta-

tion who were alive 10 years later and included in this study.

Demographics

Median follow-up from LT (years) 15 (10–20)

Median follow-up after 10 from LT

(baseline; years)

5.1 (0.2–10)

Re-LT 6 (4%)

Age at LT (years) 50 (14–65)

Gender (men) 106 (67%)

Body mass index at LT 24.5 (17–35)

Active smokers 65 (41%)

Child A/B/C (%) 18/53/29

Indication to liver transplantation Underlying etiology (n, %)

Post-necrotic cirrhosis 140 (88.6%)

Viral cirrhosis 89 (56%)

Hepatitis C virus (HCV) alone 70 (44%)

Hepatitis B virus (HBV) � hepatitis

D virus (HDV)

16 (10%)

HBV + HCV 3 (2%)

Alcoholic cirrhosis (OH) 38 (24%)

Mixed cirrhosis (OH + HCV) 16 (10%)

Criptogenic cirrhosis/Autoinmune

cirrhosis

7 (4.5%)/6 (4%)

Cholestasic cirrhosis 13 (8.2%)

Primary biliary cirrhosis/cistic fibrosis 12 (7.5%)/1 (0.5%)

Others 3 (1.8%)

Malignancy 22 (14%)

Hepatocellular carcinoma (HCC) 20 (12.5%)

Biliary tract tumor 1 (0.6%)

Carcinoid metastases 1 (0.6%)

Donor characteristics

Age (years) 28 (8–70)

Gender (men) 106 (67%)

Overweight/obesity 50 (32%)/7(4.5%)

Steatosis

No/not available 98 (62%)/32 (20.3%)

Mild/moderate/severe 23 (14.6%)/5 (3.2%)/0

Initial inmunosupression

Cyclosporine (Csa) 154 (97.5%)

Tacrolimus (Tac) 4 (2.5%)

Azathioprine (AZA) 155 (98%)

Steroids 158 (100%)

Rejection

Acute (first month)/(late) 52 (33%)/22 (14%)

Chronic 6 (4%)

Steroids bolus/OKT3 administration 53 (33.5%)/5 (3%)

Changes in inmunosupression during follow-up

Change to tacrolimus 15 (9.5%)

Gingival hypertrophy 12 (80%)

Time from LT (y) 6 (0.5–11.5)

Mycofenolate introduction 50 (31.5%)

Cause: nefrotoxicity 45 (90%)

Time from LT (y) 8 (1.5–16.5)

Rapamycin introduction 1 (0.5%)

Time from LT (y) 10

Cyclosporine withdrawal 22 (14%)

Cause: nefrotoxicity 21 (95%)

Time from LT (y) 11.5 (6–16.5)
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causes of mortality were hepatic in 40% (all but one

because of recurrent disease) and nonhepatic in 60%,

particularly de novo tumors and cardiovascular diseases.

The cause-specific probability of death over time (by

primary cause) since baseline is shown in Fig. 2. The major

cause was liver related with a progressive increase over

time, followed by mortality caused by de novo tumors.

Table 4 reflects the univariate analysis of risk factors asso-

ciated with long-term survival. In the multivariate Cox

regression analysis, age at baseline > 60 years (RR: 2.74; 95%

CI: 1.11–6.77; P = 0.030), hemodialysis at 10 years post-LT

(RR: 5.5; 95% CI: 1.9–15.4; P = 0.001) and post-transplant

graft cirrhosis (RR 3.19, 95% CI: 1.43–7.14; P = 0.005)

impacted significantly long-term survival.

Development of CVE and de novo tumors since baseline

The cumulative incidence of CVE and de novo tumors since

baseline is shown in Fig. 3.

Twenty-seven CVE occurred in 27 patients (17%), 16

since baseline (ischemic cardiomyopathy in 11, cerebrovas-

cular disease in three and peripheral vascular disease in

two) between 0.18 and 8.1 years (median 3.1 years), with a

1, 3, 5 and 10 years cumulative rate of CVE since baseline

of 2%, 5%, 10% and 17%, respectively.

All but two of these patients had � 2 cardiovascular risk

factors. The majority (87.5%) were men with a median age

of 65 years (55–74).
Interestingly, the curve representing the development of

CVE after 10 years since transplantation could not be pre-

dicted by the curve of CVE developing since LT (Fig. 4)

with a significantly greater increase than predicted after

10 years. In the univariate analysis, factors significantly pre-

dictive of CVE since baseline were as follows: a family his-

tory of coronary heart disease, alcohol abuse pre-LT, a

history of diabetes or renal impairment pretransplantation,

CNI withdrawal, MMF introduction, steroids reintroduc-

tion, and hyperlipidemia and renal insufficiency at any time

points post-transplantation (Table 5). In the multivariate

analysis, the only factors independently associated with

CVE development since baseline were a family history of is-

chaemic cardiopathy (RR: 10.6, 95% CI: 3.6–31.1;
P < 0.001), alcohol abuse pre-LT (RR: 3.8, 95% CI: 1.14–
12.4; P = 0.03) and renal insufficiency at any time points

Table 3. Characteristics of the patients at baseline (10 years from LT).

Median follow-up since baseline (y) 5.1 years (0.2–10)

Age 60 (24–75)

Gender (male) 106 (67%)

Overweight 72 (46%)

Obesity 46 (29%)

DM 48 (30%)

Dyslipidemia 66 (42%)

Arterial hypertension 118 (75%)

Renal insufficiency 57 (36%)

Hemodyalisis 9 (6%)

Graft cirrhosis 34 (22%)

HCV graft cirrhosis 32 (20%)

Alcohol intake 19 (12%)

Active smokers 32 (20%)

Inmunosupression

Csa 94 (59.5%)

Csa + PDN 9 (6%)

Csa +MMF 9 (6%)

Csa +MMF + PDN 10 (6.3%)

Tac 6 (4%)

Tac +MMF + PDN 3 (2%)

Tac +MMF 2 (1%)

Tac + PDN 3 (2%)

MMF 14 (9%)

MMF + PDN 7 (4.5%)

SRL +MMF + PDN 1 (0.5%)

HCV, hepatitis C virus; Csa, Cyclosporine; PDN, prednisone; MMF,

mycophenolate mofetil; Tac, tacrolimus; SRL, sirolimus.

D
ea

th
 (%

)

Malignancy CVHepatic

Time since baseline(y)
Patients at risk (n) 158 151

Infection Others

131 56

Figure 2 Cumulative incidence of cause-specific probability of death

since baseline (10 years after LT).

Table 2. continued

Steroids withdrawal 150 (95%)

Time from LT (y) 1.6 (0.1–12)

Azathioprine withdrawal 148 (94%) *

Time from LT (y) 0.5 (0.1–12.5)

Steroids reintroduction 39 (25%)

Time from LT (y) 6 (1–15)

*Per protocol. LT, liver transplantation; y, years.
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post-transplantation (RR: 3.83, 95% CI: 1.16–12.6;
P = 0.027).

In turn, the cumulative incidence of de novo tumors

since baseline increased from 1% at 1 year to 13% at

10 years. Twenty-two patients developed de novo tumors,

10 (6%) after the 10th year since LT. The main tumors were

solid-organ tumors (n = 7) followed by lymphoprolifera-

tive disorders (n = 3, all HCV +). In the univariate analysis,

factors significantly predictive of de novo tumors since base-

line were having a tumor as the indication for transplanta-

tion (RR: 4.7, 95% CI: 1.3–17.2; P = 0.02), DM pre-LT

(RR: 3.75, 95% CI: 1.05–13.31; P = 0.028) and DM post-

LT (RR: 4.62, 95% CI: 1.2–17.8; P = 0.026). In the multi-

variate analysis, the only factors independently associated

Table 4. Univariate analysis of baseline (10 years post-LT) factors eval-

uated for association with survival since baseline.

(P) RR (95% CI)

Pre-LT factors

Age >50 years (n = 71) 0.228 1.51 (0.78–2.95)

Gender (male, n = 106) 0.920 1.19 (0.60–2.37)

LT indication (HCV, n = 74) 0.168 1.92 (0.97–3.82)

Alcohol abuse pre-LT (n = 56) 0.288 1.29 (0.65–2.54)

Tumoral etiology (n = 22) 0.160 1 (0.38–2.55)

Family history of coronary

heart disease (n = 15)

0.168 0.60 (0.21–1.74)

Smoking pre-LT (n = 65) 0.997 1.46 (0.74–2.87)

Pre-LT overweight (n = 59) 0.996 0.98 (0.49–1.99)

Pre-LT obesity (n = 17) 0.071 2.9 (1.3–6.47)

Pre-LT arterial hypertension (n = 8) 0.907 1.2 (0.29–5.04)

Pre-LT diabetes mellitus (n = 21) 0.389 1.77 (0.80–3.90)

Pre-LT dyslipemia (n = 15) 0.307 1.66 (0.49–5.57)

Pre-LT renal insufficiency (n = 9) 0.572 1.24 (0.29–5.26)

Donor factors

Donor age >40 years (n = 48) 0.414 1.41 (0.70–2.80)

Inmunosupression

Acute rejection (n = 74) 0.318 1.15 (0.74–1.80)

Chronic rejection (n = 6) 0.939 0.83 (0.11–6.11)

CNI withdrawal (n = 22) 0.914 0.73 (0.25–2.09)

Mycophenolate mofetil

introduction (n = 50)

0.589 0.87 (0.41–1.85)

Steroids withdrawal (n = 150) 0.051 0.34 (0.10–1.15)

Steroids reintroduction (n = 39) 0.599 1.05 (0.45–2.44)

Factors at any time post-LT related with survival

Age at baseline >60 years (n = 81) 0.024 2.23 (1.1–4.5)

Smoking post-LT (n = 32) 0.788 1.57 (0.70–3.55)

Alcohol post-LT (n = 19) 0.640 0.58 (0.14–2.46)

Obesity post-LT (n = 62) 0.340 0.69 (0.31–1.52)

Arterial hypertension post-LT (n = 131) 0.163 0.50 (0.15–1.66)

Diabetes mellitus post-LT (n = 107) 0.055 0.41 (0.19–0.86)

Dyslipemia post-LT (n = 99) 0.591 0.75 (0.32–1.72)

Renal insufficiency post-LT (n = 77) 0.362 0.57 (0.16–0.57)

Hemodialysis at 10 years post-LT (n = 9) 0.004 3.56 (1.35–9.40)

De novo tumor (n = 22) 0.123 0.53 (0.24–1.18)

Graft cirrhosis (n = 34) 0.002 2.65 (1.31–5.32)

Re-Liver transplantation (n = 6) 0.260 0.58 (0.08–4.30)

Cardiovascular event post-LT (n = 16) 0.713 0.80 (0.31–2.06)

LT, liver transplantation; HCV, hepatitis C virus; CNI, calcineurin

inhibitors.

Patients at risk (n)
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e 

no
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m

or
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Time from baseline (years)

CVE De novo tumors

155 138 81 37 6

Figure 3 Cumulative rate of cardiovascular events (CVE) and de novo

tumors since baseline (10 years from LT).

Patients at risk
(n)  

158 155 147 73

Figure 4 Cumulative rate (thick line) of cardiovascular events (CVE)

since transplantation.
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with de novo tumors were tumoral etiology of LT (RR: 4.85,

95% CI: 1.3–17.9; P = 0.018) and DM post-LT (RR: 4.74,

95% CI: 1.22–18.5; P = 0.025).

Risk factors associated with CVE in patients alive 10 years

after LT: evolution over time

The development since transplantation of the different risk

factors known to be associated with CVE, including obesity,

diabetes, AH, and hyperlipidemia as well as the rate of

chronic renal dysfuntion is shown in Table 6. Except for

hyperlipidemia, the rate of all these complications increased

over time (P < 0.001).

Ten years from transplantation:

• Only 13 patients (8%) had no risk factors. In turn, 20%

of patients had one risk factor, and 71% had � 2 risk fac-

tors (37% had � 3 risk factors).

• Twenty-nine percent of these long-term survivors were

obese and 46% were overweight. Only 1 of 16 patients with

obesity pre-LT and nine of 59 with overweight pre-LT nor-

malized their BMI after LT. At the time of last follow-up,

the median BMI had increased from 24.3 kg/m2 (range,

15–35.4) pre-LT to 27.5 (range 18.3–37) and median body

weight had increased 7.5 kg.

• Diabetes mellitus was present in 30% of patients (40%

of them had pre-LT diabetes), with 85% of them

requiring pharmacological treatment (59% with insulin,

41% with oral antidiabetics, none on double therapy). Of

note, 17% of these patients were on steroids at this time-

point.

• Dyslipidemia was present in 42% of patients (46% had

hypertriglyceridemia, 24% hypercholesterolemia and 30%

Table 5. Risk factors of cardiovascular events, since baseline (10 years

from LT) (Univariate).

(P) RR (CI 95%)

Pre-LT factors

Age >50 years at LT 0.76 1.16 (0.43–3.139)

Sex (male) 0.08 0.29 (0.06–1.27)

HCV etiology 0.9 0.94 (0.35–2.53)

Alcohol abuse pre-LT 0.001 5.75 (1.83–18.10)

Smoking pre-LT 0.302 1.63 (0.60–4.37)

Family history of ischaemic cardiopathy 0.001 9.4 (3.3–26.9)

Pre-LT obesity 0.68 0.66 (0.08–5.06)

Pre-LT arterial hypertension 0.058 3.81 (0.86–16.97)

Pre-LT diabetes mellitus 0.014 3.45 (1.20–9.95)

Pre-LT dyslipemia 0.73 0.80 (0.10–6.07)

Pre-LT renal insufficiency 0.004 5.3 (1.49–18.83)

Inmunosupression

Chronic rejection 0.052 3.91 (0.88–17.34)

Change to tacrolimus 0.575 1.52 (0.34–6.77)

CNI withdrawal 0.030 3.07 (1.05–8.93)

Mycophenolate mofetil introduction 0.040 2.70 (1.01–7.28)

Steroids withdrawal 0.359 21.8 (0.1–5.12)

Steroids reintroduction 0.041 1.80 (0.67–4.85)

Factors at any time post-LT

Smoking post-LT 0.33 2.12 (0.73–6.17)

Alcohol post-LT 0.9 1.15 (0.26–5.06)

Obesity post-LT 0.468 0.81 (0.26–1.90)

Arterial hypertension post-LT 0.147 0.25 (0.03–1.89)

Diabetes mellitus post-LT 0.2 0.47 (0.17–1.24)

Dyslipemia post-LT 0.07 0.33 (0.09–1.16)

Renal insufficiency post-LT 0.021 0.28 (0.09–0.89)

Graft cirrhosis 0.247 0.32 (0.04–2.44)

Re-Liver transplantation 0.955 1.06 (0.13–8.23)

LT, liver transplantation; HCV, hepatitis C virus; CNI, calcineurin

inhibitors.

Table 6. Evolution over time of renal insufficiency, arterial hypertension, diabetes mellitus, obesity and hyperlipidemia.

Pre-LT 1st year 5th year 10th year

Body mass index 25 (17–35.4) 27.3 (17–40) 27.6 (17.7–40.5) 27.5 (18.3–37)

Overweight 59 (37%) 77 (49%) 74 (47%) 72 (46%)

Obesity 17 (11%) 38 (24%) 41 (26%) 46 (29%)

Arterial hypertension 8 (5%) 107 (68%) 109 (69%) 118 (75%)

Diabetes mellitus 21 (13%) 35 (22%) 38 (24%) 48 (30%)

Dyslipidemia 15 (9.5%) 73 (46%) 59 (37%) 66 (42%)

Hypercholesterolemia 7 (4.5%) 6 (3.8%) 5 (3.2%) 16 (10.1%)

Hypertriglyceridemia 4 (2.5%) 48 (30.4%) 33 (21%) 31 (19.6%)

Mixed 4 (2.5%) 19 (12%) 21 (13.3%) 20 (12.7%)

Renal insufficiency 9 (6%) 43 (27%) 45 (28.5%) 57 (36%)

Hemodialysis 0% 0% 1 (0.6%) 9 (6%)

Cardiovascular risk factors (n)

None 63% 11% 14% 8%

1 31% 25% 30% 20%

2 5% 38% 25% 35%

� 3 1% 26% 31% 37%

LT, liver transplantation.
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mixed) with 43% of them receiving pharmacological treat-

ment (most statins).

• Arterial hypertension was present in 75% of patients, all

except one, on pharmacological treatment (60% on mono-

therapy with calcium-chanel blockers, and 10% on a double

antihypertensive drug regimen). Only one patient with AH

prior to LT normalized the arterial pressure after LT.

• Chronic renal dysfunction was present in 36%; of these,

15% were on hemodialysis.

• No difference in gender was found for any of these

complications.

The prevalence of most of these risk factors increased sig-

nificantly after compared with before liver transplantation,

particularly AH. Interestingly, most patients who had risk

factors 10 years post-LT had developed these risks during

the first year after surgery. However, there were still a sub-

stantial number of patients without risk factors 1 year

post-LT who had these clinical conditions present 10 years

after transplantation, particularly AH (Fig. 5). For instance,

of 119 patients without obesity at 1 year, 13% had it at

10 years. Of 123 non1-year diabetics, 14% had diabetes at

10 years. Of 85 nonhyperlipidemic at 1 year, 26% had

hyperlipidemia at 10 years. Of 51 patients without AH at

1 year, 49% had AH at 10 years, and finally, of 115 without

chronic renal dysfuntion at 1 year, 24% developed this

complication by year 10, possibly determining the increase

in AH in long-term survivors.

Discussion

There are many studies focusing on 5–10 year survival

since transplantation but few that have analyzed the out-

come of ‘long-term survivors’, alive 10 years after trans-

plantation. Our transplant program started 20 years ago so

we decided to evaluate the outcome of these long-term sur-

vivors, in an effort to understand their mortality and main

comorbidities, and in doing so, to develop strategies that

may ameliorate their long-term outcome. The main find-

ings of our study can be summarized as follows: (i) the

medium-term survival of ‘long-term survivors’ alive

10 years from transplantation is good with 84% surviving

six additional years; (ii) Liver-related deaths continue to be

the first specific cause of death after the 10th year; (iii) Met-

abolic complications, such as diabetes, AH, obesity and

hyperlipidemia are very common 10 years post-transplan-

tation, and continue to increase afterwards, rising along

with increased life expectancy after LT; (iv) Cardiovascular

events occur in 17% of these long-term survivors. In addi-

tion, several cardiovascular risk factors coexist in many

patients, which increases the risk of CVE; (v) Chronic renal

dysfunction is very frequent among long-term survivors,

present in about one-third of patients at 10 years; (vi)

De novo tumors increase gradually over time and represent

a major cause of late mortality.

The following comments can be made regarding our

results:

(i) In terms of survival, medium-term survival of ‘long-

term survivors’ is good, and altogether, nonhepatic conplica-

tions, including malignancies, CVE and infections, represent

the most frequent causes of death during follow-up (median

15.1 years from LT). Our results are similar to those recently

published by Watt et al. using the UNOS database [4].

Interestingly, we did not find any association between pre-

transplant risk factors, such as diabetes, AH, obesity, DL and

renal insufficiency and survival of ‘long-term survivors’.

While this could be because of the small number of patients

with each of these risk factors (see Table 3), it might also

reflect the preselection of a ‘healthier population’.

(ii) Liver-related deaths continue to be the first specific

cause of death in the long term, mostly related to recurrent

HCV. Indeed, several series have shown that graft cirrhosis

develops in approximately 25% of recipients (range: 8–
44%) after 5–10 years of follow-up and this percentage is

likely to increase with increased duration of follow-up

[16,17].

(iii) Regarding post-transplantation metabolic complica-

tions, our study focusing on a selected population of

‘potentially healthier recipients’ (alive at 10 years post-LT)

confirms the results of previous studies with shorter follow-

up [18].

Arterial hypertension was the most common medical

complication, present in three quarters of patients. It is

interesting to note that despite the frequent changes in

immunosuppression during the follow-up, these complica-

tions remain very common if not increased. A possible

explanation is that these changes were not made early

enough post-transplantation, and in addition, specific

treatments of these metabolic complications were not

applied in all cases.

DM = Diabetes mellitus; DL = Dyslipidemia; AH = arterial hypertension;
RI = renal insufficiency 

%

Figure 5 Proportion of patients without clinical complications one year

post-LT who developed them at 10 years post-LT.
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Interestingly, we recently published a multicenter Span-

ish study on control of blood pressure hypertension in

almost 1000 LT recipients [19] and we found that almost

one-third of the patients known to be hypertensive have an

inadequate control of their blood pressure. Another

remarkable result in our study was that 25% of patients

never diagnosed as hypertensive after transplantation had

increased blood pressure at the time of the study.

During the beginning of the 1990s (the early years of our

transplant activity), the protection of the graft against rejec-

tion was the main aim, and high doses of immunosuppres-

sive drugs were typically used. It is likely that the improved

knowledge regarding their toxic profile, particularly the

potential benefit associated with steroid avoidance and

minimization of calcineurin inhibitors, will result in a

reduction of these metabolic complications in patients

transplanted in more recent eras [20].

(iv) With the improvement in survival observed in recent

years, cardiovascular risk factors (and their consequences),

CRD and de novo tumors have become a source of major

concern in the long-term follow-up. Established cardiovas-

cular risk factors in the general population, such as hyper-

tension, DM, overweight-obesity and DL are very common

in LT recipients [4,18,21–29] where the same factors have

been linked with CVE [30,31]. For instance, in a study by

Johnston et al., LT recipients had a twofold increased risk

of cardiovascular deaths and threefold increased risk of

ischaemic events as compared to an age and sex-matched

population without liver transplantation. [31] In our study,

at 10 years post-transplantation, most patients had at least

two cardiovascular risk factors, and more than one-third

had three risk factors.

Since we had no control group, we compared our results

with that of the general Spanish population of similar age

(mean age: 65 years). Based on this comparison, we esti-

mated an increased prevalence of obesity, diabetes and DL

(twofold increase), AH (75% vs 40–65%), and CRD (three-

fold increase) with regards to the general population [33].

The cumulative rate of developing CVE was greater than

15% beyond 15 years. Hence, it appears that the risk of

developing CVE increases exponentially after 10 years

[30,32].

(v) Chronic renal dysfuntion is a frequent complication

after liver transplantation, more common than after cardiac

or lung transplantation [35], especially in the long term;

however, it rarely progresses to end-stage renal disease

requiring hemodialysis or renal transplantation. These data

are confirmed in our series, where more than a third of the

patients had chronic renal impairment, but only 6% devel-

oped end-stage renal failure [36,37]. Although infrequent,

hemodialysis (present in nine patients) was associated with

worse survival [35,36].Consistent with other series, renal

insufficiency at 1 year was predictive of long-term renal

impairment [36, 37]. Protocols aimed at minimization of

renal complications (calcineurin inhibitors minimization,

induction therapy, newer non-nephrotoxic immunosup-

pressive agents) will likely result in a reduction overtime of

this complication. In our series, nephrotoxicity was the

main reason for calcineurin inhibitors discontinuation

with/without introduction of MMF. However, the modifi-

cation in the immunosuppressive regimen was probably

too late to preserve renal function. Furthermore, the most

common indication for liver transplantation in our series

was HCV-cirrhosis, and HCV has been described as an

independent risk factor for renal insufficiency following

liver transplantation [38]. In fact, renal insufficiency at

10 years was more frequent in HCV transplanted patients

than in uninfected recipients. Finally, chronic renal dysfun-

tion is another risk factor of cardiovascular disease in the

general population as well as in transplanted patients

[39,40].In our series, chronic renal dysfuntion at any time

post-transplantation was significantly associated with the

development of cardiovascular events.

(vi) The incidence of de novo tumors in LT recipients

ranges from 3 to 16% [18], a percentage significantly higher

than that observed in the general population with a twofold

to fourfold overall higher cancer incidence [41–43], possi-
bly related to the prolonged immunosuppression. Indeed,

in our long-term survivors the incidence of this complica-

tion increased significantly over time. Previous studies have

shown that this complication is responsible for approxi-

mately one-fourth of late deaths. In our study, it was the

second cause of mortality among ‘long- term survivors’

[4,44].

Our study had some limitations, inherent to its retro-

spective nature and the fact that current immunosuppres-

sion protocol and characteristics of transplanted candidates

(older, more comorbidities, greater disease severity) do not

apply to those performed a couple of decades ago. Further-

more the population of our study was selected by the way

the population as a whole was treated in the first 10 years

after LT. Based on our findings and recent changes in

immunosuppressive protocols, we believe that the long-

term complications described in our series will probably be

less common in future series that include LT patients trans-

planted more recently.

Given the low number of CVE and de novo tumors since

baseline, the results of the multivariate analysis need to be

interpreted with caution.

In conclusion, patients who have survived the first

10 years since transplantation have a good outcome. How-

ever, significant comorbidities, particularly AH, diabetes,

CRD and obesity are present in a significant proportion of

these long-term survivors and will possibly have an impact

with longer follow-up. As most of these risk factors for

CVE are present early post-transplantation, we need to
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treat them aggressively at early time points. The older age

of the patients undergoing liver transplantation in recent

years (in contrast to our series, where 55% of patients were

younger than 50) may result in a higher number of trans-

plant recipients developing cardiovascular events; alterna-

tively, the recent changes in immunosuppression protocols

put into place in most transplant centers may reduce these

complications.
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