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Liver transplantation: an update
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Purpose of review

Recent attention in liver transplantation has focused on

equity in organ allocation and management of post-

transplant complications.

Recent findings

Adoption of the model for end-stage liver disease (MELD)

for liver allocation has been successful in implementing a

system based on medical urgency rather than waiting time.

Refinements are being studied in reducing geographic

disparities and improving transplant benefit by balancing

pre-transplant mortality and post-transplant survival. With

hepatocellular carcinoma becoming a bigger proportion of

liver transplants since MELD, emerging literature is

examining expansion of the current criteria for

transplantation of hepatocellular carcinoma. Hepatitis C

virus infection is associated with worse patient and graft

survival post-transplantation than other liver diseases. The

optimal timing and delivery of current antiviral therapy and

immunosuppressive strategies in reducing the severity of

hepatitis C virus recurrence post-transplantation are

discussed. Chronic renal dysfunction after liver

transplantation is a source of considerable morbidity.

Nephron-sparing immunosuppression regimens are

emerging with encouraging results.

Summary

Organ allocation tends to evolve under MELD with a focus

on reducing geographic disparities and maximizing

transplant benefit. Hepatitis C virus, hepatocellular

carcinoma and chronic renal dysfunction are a major

challenge and continued research in these areas will

undoubtedly lead to better outcomes for transplant

recipients.
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Introduction
Since the introduction of liver transplantation by Starzl in

1967, patient and graft outcomes have improved incre-

mentally, with a 5-year patient survival of 80% and graft

survival of 71% [1]. Improvements in surgical technique,

organ preservation, immunosuppression, and manage-

ment of post-transplant complications have resulted in

these excellent outcomes.

This paper addresses four issues that are particularly

challenging to the clinical practice of liver transplantation

currently and for the foreseeable future. These include

(1) allocation of donor livers under the current system of

using the model for end-stage liver disease (MELD)

score; (2) expansion of current criteria for transplantation

of hepatocellular carcinoma (HCC) and the impact of the

MELD system on transplantation for HCC; (3) outcomes

of hepatitis C virus (HCV) infection after liver transplan-

tation: the role of antiviral therapy and immunosuppres-

sive strategies in reducing the severity of HCV recurrence

post-transplantation will be discussed; and (4) chronic

renal dysfunction, a considerable source of morbidity

after liver transplantation.

Model for end-stage liver disease and
allocation of livers in the USA
The number of patients on the US waiting list for liver

transplantation has grown to 17 285. With 5437 transplants

performed in 2005, the increase in donors has not been

proportionate [1]. Prior to February 2002, organ allocation

was prioritized according to the United Network for Organ

Sharing (UNOS) score categories wherein patients were

listed in one of four classes (1, 2A, 2B, 3) based mainly on

the Child–Turcotte–Pugh (CTP) score and location of

patient (intensive care unit). In this system there were a

large number of patients in each of the four UNOS strata.

Consequently, waiting time became the tie-breaker and

the major determinant of organ allocation. As demon-

strated by Freeman and Edwards [2] waiting list mortality

did not correlate with waiting time. As a result of these
 reproduction of this article is prohibited.
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disparities the Department of Health and Human Services

issued its Final Rule in 1998 [3] that donor livers should be

allocated according to medical urgency.

In response to the Department of Health and Human

Services rule, in February 2002 the MELD scoring system

was adopted for the allocation of donor livers in the USA.

The MELD score was initially developed to predict

mortality after the placement of transjugular intrahepatic

portosystemic shunt (TIPS) in patients with liver disease

[4]. It is based on three objective variables: MELD

score ¼ 9.57 ln(creatinine)þ3.78 ln(total bilirubin)þ11.2

ln(international normalized ratio)þ0.643. It is easily

calculated from the website of the UNOS, www.UNOS.

org. The MELD score has been shown to accurately

predict short-term mortality in patients with end-stage

liver disease awaiting transplantation [5], with higher

scores predicting increasing mortality. It has also been

validated for prediction of 1-year mortality in a broad

spectrum of patients with chronic liver disease [6�]. Its

advantages for organ allocation lie in the fact that it is a

statistically weighted, continuous scale with no ceiling or

floor effects, thereby reducing the large number of ties and

the dependence on waiting time [7].

Since the implementation of MELD, audits of the

UNOS system have revealed significant changes in the

dynamics of organ allocation. The average MELD score

at transplant now is higher compared to the pre-MELD

era (20.5 compared with 17) [8�]. Despite the shift to

sicker patients there has been no difference in 1-year

patient and graft survival since the implementation of

MELD, as originally feared [8,9]. There has also been a

reduction in the median waiting time, from 656 to

416 days [10]. Perhaps the best indicator of the superio-

rity of MELD as an efficacious prediction model is the

reduction in waiting-list mortality of 3.5% since its imple-

mentation [11�]. These changes meet the requirement of

the Department of Health and Human Services that

organs should be allocated based on medical urgency

rather than waiting time.

Current emphasis is in continuous improvement in the

MELD-based allocation scheme. Based upon further

audits of the UNOS data, a survival benefit in the first

year post-transplant was seen in patients whose MELD

was more than 18. For patients whose MELD scores were

lower than 15 the risk of dying in the first year post-

transplant was higher than remaining on the waiting list

[12�]. Subsequent changes in the allocation policy were

made so that a MELD of at least 15 is required for

transplantation if on the waiting list.

An area for improvement is the disparity of the MELD

at transplant between various regions and organ-

procurement organizations. Smaller organizations (< 100
opyright © Lippincott Williams & Wilkins. Unauth
patients listed) had more organs available per listed patient

and patients listed in these organizations received organs

faster and at lower MELD scores [13��]. As a solution to

this geographic disparity some have advocated making

more uniform-sized organ-procurement organizations so

that each serves a population of roughly 9 million.

Addition of other objective parameters may increase the

predictive ability of MELD. Serum sodium, which is

correlated with refractory ascites, has been reported as

such [14�]. At listing for transplant a serum sodium of less

than 126 mM was associated with a 6.3–7.8-fold increased

risk of death while on the waiting list [15�]. This is being

studied further and UNOS is now prospectively collecting

data on serum sodium in transplant-listed patients to see if

they correlate with pre-transplant mortality.

Longitudinal changes in the MELD (Delta MELD) may

provide additional prognostic information compared to a

single-time-point MELD alone. In several studies Delta

MELD demonstrated a high sensitivity and specificity in

predicting mortality [16–18]. However, a recent study

failed to confirm that Delta MELD is predictive of

waiting-list mortality [19]. Delta MELD has not yet been

incorporated into allocation schemes [20��].

Although the MELD score is a good predictor of pre-

transplant survival, it is only a weak predictor of post-

transplant survival [8�,21�,22]. Donor factors, surgical

factors and post-transplant complications play a signifi-

cant role in post-transplant outcomes. Further changes to

liver-allocation schemes should include the investigation

and incorporation of other objective parameters that

add to the post-transplant prediction of mortality. To

maximize the utility of organ allocation a system that

balances both pre-transplant medical urgency and post-

transplant survival is needed.

Hepatocellular carcinoma and liver
transplantation – current allocation rules and
expansion of criterion for transplantation
The incidence of HCC and mortality is increasing in the

USA as the hepatitis C epidemic of the 1970s and 1980s

matures [23]. In patients with cirrhosis and HCC liver

transplantation remains the best option for long-term

survival. Using stringent selection criteria (often referred

to as the Milan criteria), limiting transplantation to

patients with a single nodule of less than 5 cm or up to

three nodules with none bigger than 3 cm [24], an actuarial

4-year survival rate of 75% and recurrence-free survival

rate of 83% was achieved. Subsequent studies have

confirmed the excellent survival after transplant for

HCC meeting the Milan criteria [25,26].

Under the UNOS system, the reliance on waiting time

meant that many patients with HCC advanced beyond
orized reproduction of this article is prohibited.
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the Milan criteria while awaiting transplantation. One of

the key elements in introduction of allocation based on

MELD score was the recognition that an arbitrary priority

score would be necessary for exceptional patients at risk

of death from liver disease not identified by changes in

serum bilirubin, creatinine or prothrombin time. HCC is

the most common of these exceptions. An additional

advantage of MELD is that it has facilitated adjustment

of the exceptional attribution of points according to the

effect of particular priority scores on donor liver allocation

in practice. After a few initial modifications [5], the

current system does not attribute priority points to

patients with stage 1 HCC, whereas stage 2 HCC is

currently allocated 24 priority points. With these pro-

visions, in the first year after MELD implementation, the

number of patients with HCCs that were transplanted

increased from 167 (7% of total transplants) to 408 (22%)

[8�,27�]. Waiting time to deceased-donor transplant for

HCC patients decreased from a mean of 2.3 to 0.69 years.

The 5-month dropout rates due to cancer progression also

decreased from 25.9 to 6.7%.

As experience grows with transplantation for small HCC,

individual centers have analyzed their data for transplan-

tation of tumors exceeding the Milan criteria. Yao et al.
[28] retrospectively analyzed the outcome of 70 patients

with HCC undergoing transplantation. Those that on

pathologic exam of the explant exceeded the Milan

criteria but met expanded criteria (single lesion less than

or equal to 6.5 cm, two or three nodules, with the largest

less than or equal to 4.5 cm, and total tumor diameter

8 cm or less) had a 75% 5-year survival rate. Patients

exceeding these criteria however had a 50% 1-year

survival rate after transplant.

Even though these results are encouraging, these data

were based on patients that met the Milan criteria radio-

graphically even if they exceeded them pathologically.

Prospective application of these expanded criteria to

radiographically staged tumors has yet to be reported.

In other studies, predictors of dropout from the waiting

list have included a single lesion greater than 3 cm or

three nodules. MELD allocation should be studied

further to refine prioritization for HCC based on similar

characteristics and different risks of dropout [29]. Further

prospective study should be done for other potential

predictors of HCC outcomes, including tumor grade,

microvascular invasion and tumor markers.

Liver transplantation in hepatitis C virus
patients – outcomes, antiviral strategies
and immunosuppression
Hepatitis C is the single most common indication

for liver transplantation in the USA [30]. Recurrent

HCV-related cirrhosis is accelerated in the immunosup-

pressed individual and develops in 8–44% of patients
opyright © Lippincott Williams & Wilkins. Unautho
within 5–7 years [31�]. Outcomes for patients with recur-

rent HCV are significantly worse than non-HCV recipi-

ents with a 23% increased risk of death and 30%

increased risk of graft failure over a follow-up of more

than 700 days [32]. Retransplantation for HCV is con-

troversial with worse outcomes (up to 50% mortality at

1 year) as compared to other causes of liver disease

[33,34��].

The best strategy to prevent severe post-transplant recur-

rence of HCV is to eliminate the virus before transplan-

tation. Antiviral therapy of HCV with interferon and

ribavirin is however difficult to tolerate and associated

with poor response rates in patients with decompensated

cirrhosis. Using a low-dose escalating drug regimen

(LADR) approach to improve tolerability in patients with

advanced chronic HCV, sustained response rates of 24%

overall were achieved [35]. In this single-center clinical

experience, of the 15 patients who became HCV RNA-

negative before liver transplant, 12 remained HCV RNA-

negative at 6 months post-transplant. Treatment was

difficult to tolerate with only 36 of the 124 completing

a full course of therapy, and with cytopenias, infections

and decompensation of liver disease occurring as the most

frequent adverse events. Other studies have achieved

similar sustained virologic response rates of 20–24% in

patients with decompensated cirrhosis [36,37]. The

International Liver Transplant Society consensus con-

ference suggested that patients with decompensated

cirrhosis and a MELD score of less than 18 could be

considered for antiviral therapy [38].

Two approaches can be taken for antiviral therapy of

HCV after transplantation. Typically these approaches

utilize interferon and ribavirin, and can be either pre-

emptive (started before identification of biochemical

or histologic disease, usually at the second or third

months) or after identification of patients with histologic

and biochemical disease. Pre-emptive therapy has the

potential advantage of prevention of recurrent disease

before liver disease is advanced. There are no published

trials comparing pre-emptive post-transplant antiviral

combination with the usual approach of treating after

histological demonstration of recurrent disease. However

pre-emptive therapy is more difficult to tolerate since

patients are still recovering from their surgery and are on

higher doses of immunosuppression. Results of control-

led trials have shown sustained virologic responses of 0–

17% in most trials [39�,40,41�,42] with a sustained viral

response, which is equivalent to viral eradication, of 39%

being achieved in one trial involving living-donor liver

transplants. Treatment discontinuations or dose reduc-

tions were performed in 28–85% of cases.

Antiviral treatment of recurrent disease usually occurs

later in the post-transplant course when the patient is on
rized reproduction of this article is prohibited.
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lower doses of immunosuppression. This approach has

the advantage of selecting the subset that has progressive

disease, avoiding therapy patients without progressive

disease. Patients usually have more advanced fibrosis by

this time (often stage 2 or greater). Sustained virologic

response rates in these controlled trials have ranged from

12 to 34% [41�,43,44]. Treatment dose reductions ranged

up to 61% and discontinuations from 0 to 43%, with

patients requiring growth factors for cytopenias as well.

Prolonged interferon therapy after transplantation has not

been described in controlled trials and warrants study.

Trials of novel better-tolerated antiviral agents (protease

inhibitors) with and without interferon are needed in

transplant patients in an attempt to improve the dismal

outcomes associated with recurrent hepatitis C disease.

In recent years the rate of severe recurrence of HCV after

transplantation appears to have increased [45]. This study

identified shorter courses of azathioprine and prednisone

as well as induction with mycophenolate as being associa-

ted with more rapid progression of fibrosis. Other fac-

tors for more severe recurrence include multiple steroid

pulses for treatment of rejection, high pre-transplant

HCV viral load, older donor age and increased histological

activity early after transplant in the first year [46–49,

50��,51,52]. More potent recent immunosuppressants

such as tacrolimus and mycophenolate mofetil (MMF)

may be detrimental for hepatitis C [53]. However, some

authors have advocated MMF as beneficial in HCV

patients. In a retrospective study, patients on a MMFþ
calcineurin inhibitor combination were compared to

patients on calcineurin inhibitors (CNIs) only [54��].

Fibrosis progressed only in the non-MMF group over

24 months. However, it is difficult to say if the benefit was

due to the lower doses of CNIs in the combination group

or the use of mycophenolate. There is no good evidence

of any antiviral effect of MMF in HCV patients [55].

Recent intriguing reports have shown that cyclosporine

may have an additive antiviral effect on HCV when

combined with interferon, an effect that is not seen with

tacrolimus [56��]. This study as well as others have also

shown an antiviral effect of cyclosporine in HCV replicon

models [57]. Azathioprine has also been shown to have an

anti-HCV effect in the replicon model [58�]. However,

most studies have reported no differences in HCV out-

comes post-transplantation between cyclosporine and

tacrolimus [59,60,61�]. Confirmation of the potential

for specific immunosuppressant combinations to have a

salutary effect on HCV progression in liver transplant

recipients awaits better clinical trials of appropriate

power and duration.

Long-term renal failure after
liver transplantation
With improving survival after liver transplantation, the

long-term effects of immunosuppression are becoming
opyright © Lippincott Williams & Wilkins. Unauth
prevalent. According to a recent large UNOS database

study, the cumulative incidence of chronic renal failure

after liver transplant is 18.1% after 5 years [62]. Renal

failure leads to a significantly increased risk of mortality

as well as increased costs of healthcare [62,63,64�].

Progressive decline in renal function is predicted by a

decline in renal function over the first 3–12 months after

transplant [63,65]. Other predictors of chronic renal

failure include older recipient, pre-transplant renal

failure, female sex, cyclosporine (compared to tacroli-

mus), hepatitis C pre-transplant and pre-transplant dia-

betes as predictive of chronic renal failure [62]. Late

toxicity associated with CNIs is associated with typical

renal histologic lesions [66]. A recent retrospective review

of the first 3 years in more than 1000 liver-transplant

recipients from 11 US centers showed that prevailing

serum creatinine and blood pressure measures were

higher in subjects treated with cyclosporine rather than

tacrolimus as the principal immunosuppressant [67�].

The first step when managing patients with progressive

decline in renal function after liver transplantation is to

minimize the dose of CNIs. Addition of MMF with lower

CNI doses may be just as effective as standard blood

levels, with less nephrotoxicity. In a controlled study,

patients with chronic renal dysfunction randomized to a

strategy of MMF introduction with reduction in CNI

(Tac trough < 4 or cyclosporine < 50), had significant

improvement in renal function compared to a conven-

tional CNI dose along with improvements in blood

pressure and lipid profile [68�]. Other studies have shown

similar results with this strategy of CNI reduction as well

[69�,70–72]. Some studies have shown no improvement

in biopsy-proven CNI renal dysfunction 6 months after

CNI withdrawal and replacement by MMF in late severe

renal dysfunction [66].

The other alternatives are CNI-free regimens. Although

there has been some success in selected patients with

mycophenolate monotherapy [73,74], a high rate of rejec-

tion has been seen in other studies [75], including graft

failure [76]. Sirolimus monotherapy may be safe but

experience is limited and side effects such as hyperlipi-

demia must be monitored. However, in small series there

have been improvements in renal function in patients

where CNI was withdrawn and replaced by sirolimus due

to progressive nephrotoxicity [77,78]. The combination

of mycophenolate and sirolimus is being studied after

CNI withdrawal early after transplantation.

Other nephrotoxic medications should be avoided in

these patients and related metabolic complications such

as diabetes, hypertension and dyslipidemia should be

aggressively treated to minimize their impact on renal

function.
orized reproduction of this article is prohibited.
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Conclusions
Since the adoption of the MELD score for liver trans-

plantation, important advances have been made in organ

allocation. Donor livers are now allocated according to

medical urgency. Further challenges include reducing

geographic disparities in waiting times and MELD scores

at transplantation. Refinements in organ allocation will

continue to occur with audits of outcomes of waiting list

candidates and post-transplant outcomes.

Transplantation for HCC has benefited from prioritiza-

tion under the MELD system. Expansion of current

criteria for liver transplantation in HCC should be pro-

spectively studied. Large multicenter trials of antiviral

therapy and immunosuppressive strategies in patients

transplanted for HCV are needed. Rapid changes in

immunosuppression should be avoided in these patients.

Chronic renal dysfunction is a prevalent long-term com-

plication after liver transplantation. Nephron-sparing

immunosuppressive strategies should be studied in large

prospective trials.

References and recommended reading
Papers of particular interest, published within the annual period of review, have
been highlighted as:
� of special interest
�� of outstanding interest

Additional references related to this topic can also be found in the Current
World Literature section in this issue (pp. 326–331).

1 Organ Procurement and Transplantation Network. Current U.S. waiting list
candidates for liver transplant. http://www.optn.org/latestData/rptData.asp
[Accessed 31 January 2006].

2 Freeman RB Jr, Edwards EB. Liver transplant waiting time does not correlate
with waiting list mortality: implications for liver allocation policy. Liver Transpl
2000; 6:543–552.

3 Organ Procurement and Transplantation Network-HRSA. Final Rule with
Comment Period. Federal Registry 1998; 63:16296–16338.

4 Malinchoc M, Kamath PS, Gordon FD, et al. A model to predict poor survival in
patients undergoing transjugular intrahepatic portosystemic shunts. Hepatol-
ogy 2000; 31:864–871.

5 Wiesner R, Edwards E, Freeman R, et al. Model for end-stage liver
disease (MELD) and allocation of donor livers. Gastroenterology 2003;
124:91–96.

6

�
Said A, Williams J, Holden J, et al. Model for end stage liver disease score
predicts mortality across a broad spectrum of liver disease. J Hepatol 2004;
40:897–903.

Validation of MELD in patients with cirrhosis.

7 Kamath PS, Wiesner RH, Malinchoc M, et al. A model to predict survival
in patients with end-stage liver disease. Hepatology 2001; 33:464–
470.

8

�
Kanwal F, Dulai GS, Spiegel BM, et al. A comparison of liver transplantation
outcomes in the pre- vs. post-MELD eras. Aliment Pharmacol Ther 2005;
21:169–177.

A good audit of outcomes in the MELD and pre-MELD eras.

9 Yoo HY, Thuluvath PJ. Short-term postliver transplant survival after the
introduction of MELD scores for organ allocation in the United States. Liver
Int 2005; 25:536–541.

10 Bajaj JS, Saeian K. MELD score does not discriminate against patients with
hepatic encephalopathy. Dig Dis Sci 2005; 50:753–756.

11

�
Freeman RB, Wiesner RH, Edwards E, et al. Results of the first year of the new
liver allocation plan. Liver Transpl 2004; 10:7–15.

The promising results in the first year after MELD adoption are reported here.

12

�
Merion RM, Schaubel DE, Dykstra DM, et al. The survival benefit of liver
transplantation. Am J Transpl 2005; 5:307–313.

Discusses the concepts of survival benefit, utility and justice in organ allocation.
opyright © Lippincott Williams & Wilkins. Unautho
13

��
Trotter JF, Osgood MJ. MELD scores of liver transplant recipients according
to size of waiting list: impact of organ allocation and patient outcomes. JAMA
2004; 291:1871–1874.

Points out geographic disparities in waiting time and MELD scores at transplant
that still exist post-MELD.

14

�
Heuman DM, Abou-Assi SG, Habib A, et al. Persistent ascites and low serum
sodium identify patients with cirrhosis and low MELD scores who are at high
risk for early death. Hepatology 2004; 40:802–810.

Identifies a new objective parameter (serum sodium) that could increase the
predictive ability of the MELD score.

15

�
Biggins SW, Rodriguez HJ, Bacchetti P, et al. Serum sodium predicts
mortality in patients listed for liver transplantation. Hepatology 2005; 41:
32–39.

Identifies a new objective parameter (serum sodium) that could increase the
predictive ability of the MELD score.

16 Northup PG, Berg CL. Preoperative delta-MELD score does not indepen-
dently predict mortality after liver transplantation. Am J Transpl 2004; 4:
1643–1649.

17 Merion RM, Wolfe RA, Dykstra DM, et al. Longitudinal assessment of mor-
tality risk among candidates for liver transplantation. Liver Transpl 2003; 9:
12–18.

18 Giannini EG, Risso D, Caglieris S, Testa R. Longitudinal modifications of the
MELD score have prognostic meaning in patients with liver cirrhosis. J Clin
Gastroenterol 2005; 39:912–914.

19 Bambha K, Kim WR, Kremers WK, et al. Predicting survival among patients
listed for liver transplantation: an assessment of serial MELD measurements.
Am J Transpl 2004; 4:1798–1804.

20

��
Olthoff KM, Brown RS Jr, Delmonico FL, et al. Summary report of a national
conference: Evolving concepts in liver allocation in the MELD and PELD
era. December 8; 2003. Washington, DC, USA. Liver Transpl 2004; 10:
A6–A22.

Summarizes the evidence presented at a national conference that was useful in
continuous quality improvement in allocation policy under MELD.

21

�
Jacob M, Copley LP, Lewsey JD, et al. Pretransplant MELD score and post
liver transplantation survival in the UK and Ireland. Liver Transpl 2004;
10:903–907.

Provides evidence that MELD is a weak predictor of post-transplant mortality.

22 Onaca NN, Levy MF, Sanchez EQ, et al. A correlation between the pre-
transplantation MELD score and mortality in the first two years after liver
transplantation. Liver Transpl 2003; 9:117–123.

23 El-Serag HB, Mason AC. Rising incidence of hepatocellular carcinoma in the
United States. N Engl J Med 1999; 340:745–750.

24 Mazzaferro V, Regalia E, Doci R, et al. Liver transplantation for the treatment of
small hepatocellular carcinomas in patients with cirrhosis. N Engl J Med 1996;
334:693–699.

25 Llovet JM, Fuster J, Bruix J. Intention-to-treat analysis of surgical treatment for
early hepatocellular carcinoma: resection versus transplantation. Hepatology
1999; 30:1434–1440.

26 Jonas S, Bechstein WO, Steinmuller T, et al. Vascular invasion and histo-
pathologic grading determine outcome after liver transplantation for hepato-
cellular carcinoma in cirrhosis. Hepatology 2001; 33:1080–1086.

27

�
Sharma P, Balan V, Hernandez JL, et al. Liver transplantation for hepatocellular
carcinoma: the MELD impact. Liver Transpl 2004; 10:36–41.

Post-MELD outcomes for patients with HCC on the waiting list for liver transplant
are described here.

28 Yao FY, Ferrell L, Bass NM, et al. Liver transplantation for hepatocellular
carcinoma: expansion of the tumor size limits does not adversely impact
survival. Hepatology 2001; 33:1394–1403.

29 Yao FY, Bass NM, Nikolai B, et al. A follow-up analysis of the pattern and
predictors of dropout from the waiting list for liver transplantation in patients
with hepatocellular carcinoma: implications for the current organ allocation
policy. Liver Transpl 2003; 9:684–692.

30 Rodriguez-Luna H, Douglas DD. Natural history of hepatitis C following liver
transplantation. Curr Opin Infect Dis 2004; 17:363–371.

31

�
Terrault NA. Treatment of recurrent hepatitis C in liver transplant recipients.
Clin Gastroenterol Hepatol 2005; 3:S125–S131.

Good review of therapeutic options and outcomes for treatment of post-transplant
HCV recurrence.

32 Forman LM, Lewis JD, Berlin JA, et al. The association between hepatitis
C infection and survival after orthotopic liver transplantation. Gastroenterol-
ogy 2002; 122:889–896.

33 Carmiel-Haggai M, Fiel MI, Gaddipati HC, et al. Recurrent hepatitis C after
retransplantation: factors affecting graft and patient outcome. Liver Transpl
2005; 11:1567–1573.
rized reproduction of this article is prohibited.

http://www.optn.org/latestData/rptData.asp


C

Liver transplantation Said and Lucey 277
34

��
Neff GW, O’Brien CB, Nery J, et al. Factors that identify survival after liver
retransplantation for allograft failure caused by recurrent hepatitis C infection.
Liver Transpl 2004; 10:1497–1503.

Identification of poor outcomes after re-transplantation for HCV.

35 Foley DP, Fernandez LA, Leverson G, et al. Donation after cardiac death: the
University of Wisconsin experience with liver transplantation. Ann Surg 2005;
242:724–731.

36 Crippin JS, McCashland T, Terrault N, et al. A pilot study of the tolerability and
efficacy of antiviral therapy in hepatitis C virus-infected patients awaiting liver
transplantation. Liver Transpl 2002; 8:350–355.

37 Forns X, Garcia-Retortillo M, Serrano T, et al. Antiviral therapy of patients with
decompensated cirrhosis to prevent recurrence of hepatitis C after liver
transplantation. J Hepatol 2003; 39:389–396.

38 Wiesner RH, Sorrell M, Villamil F. Report of the first International Liver
Transplantation Society expert panel consensus conference on liver trans-
plantation and hepatitis C. Liver Transpl 2003; 9:S1–S9.

39

�
Shergill AK, Khalili M, Straley S, et al. Applicability, tolerability and efficacy of
preemptive antiviral therapy in hepatitis C-infected patients undergoing liver
transplantation. Am J Transpl 2005; 5:118–124.

Well-designed study of prophylactic antiviral therapy for HCV after transplant.

40 Sheiner PA, Boros P, Klion FM, et al. The efficacy of prophylactic interferon
alfa-2b in preventing recurrent hepatitis C after liver transplantation. Hepatol-
ogy 1998; 28:831–838.

41

�
Chalasani N, Manzarbeitia C, Ferenci P, et al. Peginterferon alfa-2a for
hepatitis C after liver transplantation: two randomized, controlled trials.
Hepatology 2005; 41:289–298.

Results of randomized trials of prophylactic and therapeutic interferon for post-
transplant HCV are described here.

42 Singh N, Gayowski T, Wannstedt CF, et al. Interferon-alpha for prophylaxis
of recurrent viral hepatitis C in liver transplant recipients: a prospective,
randomized, controlled trial. Transplantation 1998; 65:82–86.

43 Castells L, Vargas V, Allende H, et al. Combined treatment with pegylated
interferon (alpha-2b) and ribavirin in the acute phase of hepatitis C virus
recurrence after liver transplantation. J Hepatol 2005; 43:53–59.

44 Samuel D, Bizollon T, Feray C, et al. Interferon-alpha 2b plus ribavirin in
patients with chronic hepatitis C after liver transplantation: a randomized
study. Gastroenterology 2003; 124:642–650.

45 Berenguer M, Crippin J, Gish R, et al. A model to predict severe HCV-
related disease following liver transplantation. Hepatology 2003; 38:
34–41.

46 Neumann UP, Berg T, Bahra M, et al. Long-term outcome of liver transplants
for chronic hepatitis C: a 10-year follow-up. Transplantation 2004; 77:
226–231.

47 Berenguer M, Ferrell L, Watson J, et al. HCV-related fibrosis progression
following liver transplantation: increase in recent years. J Hepatol 2000; 32:
673–684.

48 Lake JR, Shorr JS, Steffen BJ, et al. Differential effects of donor age in liver
transplant recipients infected with hepatitis B, hepatitis C and without viral
hepatitis. Am J Transpl 2005; 5:549–557.

49 Charlton M, Seaberg E, Wiesner R, et al. Predictors of patient and graft
survival following liver transplantation for hepatitis C. Hepatology 1998;
28:823–830.

50

��
Bahra M, Neumann UP, Jacob D, et al. Repeated steroid pulse therapies in
HCV-positive liver recipients: significant risk factor for HCV-related graft loss.
Transplant Proc 2005; 37:1700–1702.

Immunosuppressive spikes are detrimental for patients with recurrent HCV post-
transplant.

51 Berenguer M, Prieto M, San Juan F, et al. Contribution of donor age to the
recent decrease in patient survival among HCV-infected liver transplant
recipients. Hepatology 2002; 36:202–210.

52 Firpi RJ, Abdelmalek MF, Soldevila-Pico C, et al. One-year protocol liver
biopsy can stratify fibrosis progression in liver transplant recipients with
recurrent hepatitis C infection. Liver Transpl 2004; 10:1240–1247.

53 Kornberg A, Kupper B, Tannapfel A, et al. Impact of mycophenolate mofetil
versus azathioprine on early recurrence of hepatitis C after liver transplanta-
tion. Int Immunopharmacol 2005; 5:107–115.

54

��
Bahra M, Neumann UI, Jacob D, et al. MMF and calcineurin taper in recurrent
hepatitis C after liver transplantation: impact on histological course. Am J
Transplant 2005; 5:406–411.

Describes an immunosuppressive strategy that may be beneficial for HCV
recurrence after transplantation.

55 Firpi RJ, Nelson DR, Davis GL. Lack of antiviral effect of a short course of
mycophenolate mofetil in patients with chronic hepatitis C virus infection. Liver
Transpl 2003; 9:57–61.
opyright © Lippincott Williams & Wilkins. Unauth
56

��
Firpi RJ, Zhu H, Morelli G, et al. Cyclosporine suppresses hepatitis C virus in
vitro and increases the chance of a sustained virological response after liver
transplantation. Liver Transpl 2006; 12:51–57.

Provides in-vitro and in-vivo evidence that cyclosporine may have antiviral activity
against HCV.

57 Watashi K, Hijikata M, Hosaka M, et al. Cyclosporin A suppresses replication
of hepatitis C virus genome in cultured hepatocytes. Hepatology 2003;
38:1282–1288.

58

�
Stangl JR, Carroll KL, Illichmann M, Striker R. Effect of antimetabolite
immunosuppressants on Flaviviridae, including hepatitis C virus. Transplanta-
tion 2004; 77:562–567.

Provides in-vitro evidence that azathioprine may have antiviral activity against HCV.

59 Samonakis DN, Triantos CK, Thalheimer U, et al. Immunosuppression and
donor age with respect to severity of HCV recurrence after liver transplanta-
tion. Liver Transpl 2005; 11:386–395.

60 Zervos XA, Weppler D, Fragulidis GP, et al. Comparison of tacrolimus
with microemulsion cyclosporine as primary immunosuppression in hepatitis
C patients after liver transplantation. Transplantation 1998; 65:1044–
1046.

61

�
Martin P, Busuttil RW, Goldstein RM, et al. Impact of tacrolimus versus
cyclosporine in hepatitis C virus-infected liver transplant recipients on recur-
rent hepatitis: a prospective, randomized trial. Liver Transpl 2004; 10:1258–
1262.

Trial of cyclosporine versus tacrolimus showing no difference in outcomes in HCV
patients.

62 Ojo AO, Held PJ, Port FK, et al. Chronic renal failure after transplantation of a
nonrenal organ. N Engl J Med 2003; 349:931–940.

63 Pawarode A, Fine DM, Thuluvath PJ. Independent risk factors and natural
history of renal dysfunction in liver transplant recipients. Liver Transpl 2003;
9:741–747.

64

�
Wyatt CM, Arons RR. The burden of acute renal failure in nonrenal solid organ
transplantation. Transplantation 2004; 78:1351–1355.

Examines outcomes with early renal dysfunction.

65 Cohen AJ, Stegall MD, Rosen CB, et al. Chronic renal dysfunction late after
liver transplantation. Liver Transpl 2002; 8:916–921.

66 Neau-Cransac M, Morel D, Bernard PH, et al. Renal failure after liver
transplantation: outcome after calcineurin inhibitor withdrawal. Clin Transpl
2002; 16:368–373.

67

�
Lucey MR, Abdelmalek MF, Gagliardi R, et al. A comparison of tacrolimus and
cyclosporine in liver transplantation: effects on renal function and cardiovas-
cular risk status. Am J Transpl 2005; 5:1111–1119.

Large multicenter study that compares the renal effects of cyclosporine versus
tacrolimus.

68

�
Beckebaum S, Cicinnati VR, Klein CG, et al. Impact of combined mycophe-
nolate mofetil and low-dose calcineurin inhibitor therapy on renal function,
cardiovascular risk factors, and graft function in liver transplant patients:
preliminary results of an open prospective study. Transpl Proc 2004; 36:
2671–2674.

Low-dose CNI plus MMF is associated with reduced renal toxicity compared to
conventional-dose CNI without compromising outcomes.

69

�
Kornberg A, Kupper B, Hommann M, Scheele J. Introduction of MMF in
conjunction with stepwise reduction of calcineurin inhibitor in stable liver
transplant patients with renal dysfunction. Int Immunopharmacol 2005; 5:
141–146.

Low-dose CNI plus MMF is associated with reduced renal toxicity compared to
conventional-dose CNI without compromising outcomes.

70 Raimondo ML, Dagher L, Papatheodoridis GV, et al. Long-term mycopheno-
late mofetil monotherapy in combination with calcineurin inhibitors for chronic
renal dysfunction after liver transplantation. Transplantation 2003; 75:
186–190.

71 Cantarovich M, Tzimas GN, Barkun J, et al. Efficacy of mycophenolate mofetil
combined with very low-dose cyclosporine microemulsion in long-term liver-
transplant patients with renal dysfunction. Transplantation 2003; 76:98–102.

72 Yoshida EM, Marotta PJ, Greig PD, et al. Evaluation of renal function in liver
transplant recipients receiving daclizumab (Zenapax), mycophenolate mofetil,
and a delayed, low-dose tacrolimus regimen vs. a standard-dose tacrolimus
and mycophenolate mofetil regimen: a multicenter randomized clinical trial.
Liver Transpl 2005; 11:1064–1072.

73 Herrero JI, Quiroga J, Sangro B, et al. Conversion of liver transplant recipients
on cyclosporine with renal impairment to mycophenolate mofetil. Liver Transpl
Surg 1999; 5:414–420.

74 Barkmann A, Nashan B, Schmidt HH, et al. Improvement of acute and chronic
renal dysfunction in liver transplant patients after substitution of calcineurin
inhibitors by mycophenolate mofetil. Transplantation 2000; 69:1886–
1890.
orized reproduction of this article is prohibited.



C

278 Liver
75 Hirose R, Roberts JP, Quan D, et al. Experience with daclizumab in liver
transplantation: renal transplant dosing without calcineurin inhibitors is
insufficient to prevent acute rejection in liver transplantation. Transplantation
2000; 69:307–311.

76 Stewart SF, Hudson M, Talbot D, et al. Mycophenolate mofetil monotherapy in
liver transplantation. Lancet 2001; 357:609–610.
opyright © Lippincott Williams & Wilkins. Unautho
77 Ziolkowski J, Paczek L, Senatorski G, et al. Renal function after liver trans-
plantation: calcineurin inhibitor nephrotoxicity. Transpl Proc 2003; 35:2307–
2309.

78 Nair S, Eason J, Loss G. Sirolimus monotherapy in nephrotoxicity due
to calcineurin inhibitors in liver transplant recipients. Liver Transpl 2003; 9:
126–129.
rized reproduction of this article is prohibited.


	Liver transplantation: an update
	Introduction
	Model for end-stage liver disease and allocation of livers in the™USA
	Hepatocellular carcinoma and liver transplantation - current allocation rules and expansion of criterion for™transplantation
	Liver transplantation in hepatitis C virus patients - outcomes, antiviral strategies and™immunosuppression
	Long-term renal failure after liver™transplantation
	Conclusions
	References and recommended reading


