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Prognostic Scores

Francis Y. Yao,"? Sammy Saab,> Nathan M. Bass,' Ryutaro Hirose,? David Ly,> Norah Terrault,'! Ann A. Lazar,*

Peter Bacchetti, Nancy L. Ascher,? and John P. Roberts?

The current policy for determining priority for organ allocation is based on the model for end
stage liver disease (MELD). We hypothesize that severity of graft dysfunction assessed by either
the MELD score or the Child-Turcotte-Pugh (CTP) score correlates with mortality after liver
retransplantation (re-OLT). To test this hypothesis, we analyzed the outcome of 40 consecutive
patients who received re-OLT more than 90 days after primary orthotopic liver transplantation
(OLT). The Kaplan-Meier 1-year and 5-year survival rates after re-OLT were 69% and 62%,
respectively. The area under the curve (AUC) values generated by the receiver operating charac-
teristics (ROC) curves were 0.82 (CI 0.70-0.94) and 0.68 (CI 0.49-0.86), respectively (P = .11),
for the CTP and MELD models in predicting 1-year mortality after re-OLT. The 1-year and
5-year survival rates for patients with CTP scores less than 10 were 100% versus 50% and 40%,
respectively, for CTP scores of at least 10 (P = .0006). Patients with MELD scores less than or
equal to 25 had 1-year and 5-year survival rates of 89% and 79%, respectively, versus 53% and
47%, respectively, for MELD scores greater than 25 (P = .038). Other mortality predictors
include hepatic encephalopathy, intensive care unit (ICU) stay, recurrent hepatitis C virus
(HCV) infection, and creatinine level of 2 mg/dL or higher. Analysis of an independent cohort of
49 patients showed a trend for a correlation between CTP and MELD scores with 1-year mor-
tality, with AUC of 0.59 and 0.57, in respective ROC curves. In conclusion, our results suggest
that severity of graft failure based on CTP and MELD scores may be associated with worse
outcome after re-OLT and provide a cautionary note for the “sickest first” policy of organ

allocation. (HEPATOLOGY 2004;39:230-238.)
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he average survival after liver retransplantation

(re-OLT) is inferior to that for primary ortho-

topic liver transplantation (OLT)."-4 The re-
ported 1-year patient or graft survival rates after re-OLT
were typically in the 50% to 60% range.'~¢ Patients who
underwent early re-OLT for primary graft nonfunction
fared better.5 Factors associated with reduced survival af-
ter re-OLT for late graft failure include advanced age,'3-¢
renal failure,>¢ high serum bilirubin levels,>~> United
Network for Organ Sharing (UNOS) status 1,>-> me-
chanical ventilation before re-OLT,* and recurrent hepa-
titis C virus (HCV) infection as the indication for re-
OLT.7-? Patients with renal failure may be predisposed to
infectious complications after re-OLT because of associ-
ated deficiencies in cellular and humoral immunity.!%-!
The reason for reduced survival among patients undergo-
ing re-OLT for recurrent HCV infection is unknown, but
late referral for re-OLT'? and infectious complica-
tions®!314 have been suggested as possible factors. In the
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largest study by Rosen et al.> based on analysis of UNOS
data in more than 1,300 patients, advanced recipient age,
elevated creatinine levels, high bilirubin levels, and
UNOS status 1 at the time of re-OLT were associated
with poor survival after re-OLT. Although the Rosen et
al. model® is potentially useful in the selection of candi-
dates for re-OLT, the authors have pointed out that an
incomplete data set and limited clinical information due
to the use of a registry format for data collection may have
introduced bias in their analyses. Further refinements and
validation of this model were recently reported based on
data from six centers outside the United States.'>

The Child-Turcotte-Pugh (CTP) classification'® has
been used widely as an index to classify disease severity in
patients with end-stage liver disease. Previously, a CTP
score of at least 10 was used to define two categories of
patients with chronic liver failure given high priority in
the organ allocation scheme (status 2A and 2B).!7 This
system was replaced recently by the model for end-stage
liver disease (MELD).!8 Based on serum bilirubin levels,
international normalized ratio for prothrombin time
(INR), and serum creatinine levels, the MELD scoring
system correlates with short-term mortality in patients
with end-stage, chronic liver disease.'® Patients with the
highest MELD score, which predicts the greatest risk for
dying without receipt of OLT, would be given the highest
priority for OLT using the “sickest first” scheme dictated
by MELD for organ allocation.!” Two of the variables
included in the formulation of the MELD score (bilirubin
and creatinine levels) previously have been identified to be
predictive of mortality after re-OLT.3-> The correlation
between either the preoperative CTP score or the MELD
score with outcome after re-OLT has not been evaluated
adequately.

The primary objective of the current study is to test the
hypothesis that the severity of liver disease based on either
the CTP or the MELD score is important in predicting
outcome after re-OLT for chronic graft failure. Although
other models, including the one proposed by Rosen et
al.,>!> may be used in prognostication and selection of
candidates for re-OLT, assessing the correlation between
the MELD score and survival after re-OLT is clinically
relevant because this scoring system is currently used in
determining the priority for organ allocation. The sec-
ondary objective is to reexamine other potential factors
that may be associated with poor survival after re-OLT.

Patients and Methods

Study Cohort. Between February 1988 and February
2002, 1,162 adult patients underwent 1,242 OLT at the
University of California, San Francisco. Seventy-six pa-
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tients (6.5%) underwent 80 re-OLT, including four pa-
tients who received three OLT. We excluded patients
who underwent re-OLT for primary graft nonfunction
because these patients have a different postoperative out-
come, which may introduce bias in our analysis of predic-
tive factors for survival after re-OLT. Furthermore, to
avoid the influence of primary OLT on the outcome of
re-OLT, we studied only patients who underwent re-
OLT at least 90 days after the primary OLT. Thirty-six of
the 76 patients who underwent re-OLT within 3 months
from the first OLT were excluded. The reasons for re-
OLT in these 36 patients include primary nonfunction or
initial poor graft function in 18 patients, hepatic artery
thrombosis (HAT) in 14 patients, and refractory rejection
in 4 patients. The remaining 40 patients with late graft
failure who underwent re-OLT at least 90 days after the
first OLT were evaluated in the current study.

Clinical and laboratory data within 24 hours preceding
re-OLT were collected retrospectively from a computer-
ized database and by review of patient medical charts. We
calculated for each patient the MELD score based on
serum bilirubin and creatinine levels and INR.'® From
the outset, the INR was included in the reporting of
promthrombin time in all patients. We also retrospec-
tively determined the CTP score,'® which is based on five
variables— hepatic encephalopathy, ascites, bilirubin and
albumin levels, and INR. Hepatic encephalopathy was
present if the patient received medical treatment includ-
ing neomycin or lactulose or had clinical manifestations
of at least stage 2 hepatic encephalopathy based on the
criteria by Gitlin.?° The presence or degree of ascites was
assessed by diuretic requirements, as well as by abdominal
imaging studies including ultrasonography or computed
tomography scans.

The UNOS criteria for priority status for organ alloca-
tion evolved during the study period.'” For the purpose of
the current study, and taking into consideration several
confounding variables in assigning appropriate UNOS
status at the time of re-OLT, patients were classified in-
stead into the following three groups: (1) hospitalized in
the intensive care unit (ICU); (2) continuously hospital-
ized, not in the ICU; and (3) at home and requiring
continuous medical care.

Statistical Analysis and Validation With an Inde-
pendent Cohort. The Kaplan-Meier method was used to
calculate survival probabilities for up to 5 years after re-
OLT. Follow-up was censored at 5 years for patients who
survived at least that long. Survival between subgroups
was compared using the log-rank test. Among patients
who underwent three OLT, follow-up was censored at the
time of the third OLT. The Cox proportional hazards
model was used to assess the CTP and MELD scores and
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other potential predictors of mortality after re-OLT. The
univariate results were reported as hazard ratios (HR)
with 95% CI. The bivariate Cox model was applied sub-
sequently for the most significant predictor identified
from the univariate model to determine the impact of the
other factors on mortality after re-OLT. If the standard
method failed due to infinite estimates, the Firth-Cox
method was used.?! Receiver operating characteristics
(ROC) curves?? were generated for the CTP and MELD
scores using 1-year mortality after re-OLT as the end
point. The area under the curve (AUC) generated by con-
nected ROC curves with 95% CI was used as a measure of
the ability of each model to predict 1-year mortality after
re-OLT and was compared by nonparametric methods.??

An independent cohort of 49 patients from the Uni-
versity of California, Los Angeles, was used to validate our
findings in terms of the impact of the CTP and MELD
scores on survival after re-OLT. These were consecutive
patients who underwent re-OLT between January 1995
and August 2002 for chronic graft failure (median, 11.9
months from first OLT; range, 3.5-178 months). The
ROC curves with AUC?? were generated for CTP and
MELD scores using 1-year mortality after re-OLT as the
end point. Survival function based on CTP and MELD
scores was compared using the log-rank test. The institu-
tional review board from both institutions approved the
current study.

Results

Baseline Characteristics. The indications for pri-
mary OLT and re-OLT are summarized in Tables 1 and
2. Graft rejection was the most common reason for re-
OLT in our series (35%), followed by recurrent hepatitis
B virus (HBV; 20%) and HCV infection (20%). None of
the HCV-positive recipients received an organ from an
HCV-positive donor. Of the 14 patients with graft rejec-
tion as the indication for re-OLT, 13 had chronic duc-
topenic rejection and 1 had severe acute rejection

Table 1. Indications for Primary OLT

Indications for First OLT Number (%)

Hepatitis C virus infection 10 (25)
Fulminant liver failure 5(12.5)
Hepatitis B virus infection 5(12.5)
Primary sclerosing cholangitis 4(10)
Primary biliary cirrhosis 4 (10)
Alcoholic liver disease 4 (10)
Autoimmune hepatitis 4 (10)
Cryptogenic cirrhosis 2 (5)
Steatohepatitis 1(2.5)
Hepatitis B and delta virus infection 1(2.5)

Abbreviation: OLT, orthotopic liver transplantation.

HEPATOLOGY, January 2004

Table 2. Indications for Re-OLT

Number in
First Period*
February 1988 to

Number in
Second Period*
March 1995 to

Indications for re-OLT February 1995 February 2002 Total (%)
Rejection 10 4 14 (35)
Hepatitis C virus infection 2 6 8(20)
Hepatitis B virus infection 6 2 8 (20)
Biliary causes (without HAT) 0 5 5(12.5)
HAT 2 1 3(7.5)
Recurrent steatohepatitis 1 0 1(2.5)
Cryptogenic cirrhosis 0 1 1(2.5)

Abbreviations: re-OLT, liver retransplantation; HAT, hepatic artery thrombosis.
*No statistically significant difference was found (by the Fisher exact test) when
comparing the frequency of the indications for retransplantation.

classified according to the National Institute of Diabetes
and Digestive and Kidney Disease grading system.?*
More patients underwent re-OLT for rejection and HBV
infection in the first period (between February 1988 and
February 1995), whereas more patients underwent re-
transplantations for recurrent HCV infection and biliary
complications in the second period (between March 1995
and February 2002). These differences, however, did not
reach statistical significance (Table 2).

The baseline clinical, demographic, and laboratory
characteristics of the 40 patients are summarized in Table
3. Of the 16 patients (40%) with clinically significant
hepatic encephalopathy, none had grade 3 or 4 hepatic
encephalopathy?® at the time of re-OLT. Four patients
(10%) received a transjugular intrahepatic portosystemic
shunt 4 days to 6 months before re-OLT. The indications
for this procedure included both variceal bleeding and
massive ascites in two patients, variceal bleeding in one
patient, and an attempt to reduce intraoperative blood
loss in one patient. Five patients (13%) received com-
bined liver and kidney transplantation.

Of the 5 patients (13%) hospitalized in the ICU, none
required mechanical ventilation within 1 week before re-
OLT. More than one-half of the patients were hospital-
ized without requiring ICU stay. Using the system of
organ allocation that was in place between July 1997 and
February 2002,'7 7 of 11 patients in our cohort who re-
ceived re-OLT during this period were upgraded to status
2A but did not require ICU stay upon approval of a peti-
tion process by the regional UNOS review board. All
except one of these patients were hospitalized at the time
of re-OLT. The other four patients were status 2B and
were not hospitalized at the time of re-OLT.

Eleven patients (28%) experienced 14 episodes of seri-
ous infections within 30 days before re-OLT. The types of
infection and organisms identified by cultures are sum-
marized in Table 4. Minor infections of the urinary tract
or venous catheter without bacteremia were not included.
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Table 3. Baseline Clinical, Laboratory, and Demographic Table 4. Infectious Complications Within 30 Days
Data of 40 Patients Undergoing Liver Retransplantation Before Liver Retransplantation

Clinical Data Before Re-OLT Number (%) Type of Infection and Organisms Isolated Number
Ascites 20 (50) Pneumonia 5
Hepatic encephalopathy* 16 (40) Streptococcus pneumoniae* 1
Renal insufficiency (creatinine >2 mg/dL) 13 (33) Xanthomonas multophilia 1
Variceal bleeding 5(13) Staphylococcus aureus 1
TIPS 4 (10) Cryptococcus 1
Status of patient before re-OLT Unknown organism 1
ICU 5(13) Spontaneous bacterial peritonitis 3
Hospitalized, not in ICU 23 (58) Escherichia colit 2
At home 12 (30) Enterobacter cloacae 1

Length of hospital stay before Re-OLT (wk) Bacteremia without confirmed primary source 3
0 12 (30) Streptococcus sanguis 1
=1 10 (25) Enterococcus faecum + S. aureus 1
1-2 4(10) Pseudomonas aeruginosa 1
2-3 2 (5) Cholangitis 1
>3 12 (30) Enterococcus faecum*

Infections within 30 days before re-OLT 11 (28) Candida esophagitis 2

Lab_qratqry data before re-OLT Median (range) *With bacteremia.

B|I|rub!n level (mg/dL) 25.0(1.5-57) 10ne of the two cases was associated with bacteremia.
Albumin level (g/dL) 2.6 (1.6-3.8)

INR 1.6 (1.0-4.4)

Creatinine level (mg/dL) 1.6 (0.5-4.6)

Platelet count (X 10°) 91 (16-556)
MELD score 26.5 (8-47)
CTP score 11 (6-14)

NOTE. The median age of the patients was 45.5 years (range, 19-65 years).
There were 21 men and 19 women. The median time from primary OLT to re-OLT
was 2.7 years (range, 0.25-10.7 years).

Abbreviations: re-OLT, liver retransplantation; TIPS, transjugular intrahepatic
portosystemic shunt; ICU, intensive care unit; MELD, model for end-stage disease;
CTP, Child-Turcotte-Pugh.

*Based on the criteria of Gitlin.20 None of our patients were in stage 3 or 4
coma before re-OLT. Subtle signs of encephalopathy (stage 1) were not included
in our definition.

The laboratory data within 24 hours before re-OLT are
also shown in Table 3. The median MELD score was 26.5
(range, 8-47). The median CTP score was 11 (range,
6-14). Twenty-four patients (60%) had a CTP score of at
least 10, corresponding to Child’s class C cirrhosis.
Survival. No patients were lost to follow-up. The
Kaplan-Meier survival functions after re-OLT at 1 and 5
years were 69% and 62%, respectively, for the entire co-
hort (Fig. 1). There were 14 deaths within the first 5 years
after re-OLT, including 7 deaths within the first 90 days
and 12 deaths in the first year after re-OLT. The causes of
death are shown in Table 5. Seven of 12 deaths in the first
6 months were due to multiorgan dysfunction associated
with sepsis or poor graft function. Two deaths within the
first 6 months were due to aggressive, recurrent HBV
infection before the use of prophylactic intravenous hep-
atitis B immunoglobulin (HBIG). Another patient who
did not receive HBIG prophylaxis remained alive 11 years
after re-OLT. After excluding these three patients who
did not receive HBIG after re-OLT, the Kaplan-Meier
1-year and 5- year survival rates were 72% and 64%,

respectively. The remaining five patients with recurrent
HBYV infection who underwent re-OLT received a fixed
dosing schedule of intravenous HBIG prophylaxis as de-
scribed previously,?> including one patient who received a
combination of intravenous HBIG and oral lamivudine.
For two patients, the causes of late mortality beyond
the first year and within 5 years after re-OLT were recur-
rent HCV infection and cryptogenic liver failure, respec-
tively (Table 5). Four patients underwent three OLT. The
time intervals between re-OLT and the third OLT were
17 days, 12 months, 61 months, and 86 months. The
respective indications for third OLT were HAT, chronic
rejection (two patients), and cryptogenic liver failure.
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Fig. 1. Kaplan-Meier survival for up to 5 years after re-OLT for the
entire cohort of 40 patients. The number of patients remaining at each
time point is shown below the horizontal axis.
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Table 5. Causes of Death in the First 5 Years
After Liver Retransplantation

Re-OLT
Patient Indication Time After Re-OLT Cause of Death

1 HCV 44 mo Liver failure, HCV

2 HCV 5 mo Right heart failure

3 HCV 7d MOD-sepsis, IPF

4 HCV 6d MOD-PNF

5 HCV 3 mo Liver failure, rejection*

6 PBC 7d MOD-sepsis, IPF

7 Rejection 2 mo MOD-sepsis

8 Rejection 4 mo MOD-sepsis

9 HBV 19d MOD-sepsis, peritonitis
10 HBV 4 mo Liver failure, HBV
11 HBV 4 mo Liver failure, HBV
12 Rejection 16 mo Liver failure, unknown type
13 Rejection 7d MOD-sepsis, hemorrhage
14 HCV 6 mo Liver failure, rejection*

Abbreviations: re-OLT, liver retransplantation; HCV, hepatitis C virus; HBV,
hepatitis B virus; MOD, multiorgan dysfunction; IPF, initial poor graft function; PNF,
primary graft non-function; HAT, hepatic artery thrombosis; PBC, primary biliary
cirrhosis.

*Severe rejection in these two patients occurred after recurrent HCV infection
treated with interferon.

Impact of CTP and MELD Scores on Mortality.
Figure 2 shows the ROC curves generated for the MELD
and CTP models. The AUC values were 0.82 (CI 0.70-
0.94) and 0.68 (CI 0.49-0.86), respectively, for the CTP
and MELD scores in predicting mortality within 1 year
after re-OLT. The larger AUC value for the CTP model
suggests that it is a stronger predictor of mortality com-
pared with the MELD model, although the difference in
the AUC did not reach statistical significance (P = .11).
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Fig. 2. The ROC curves for the MELD and CTP prognostic models in
predicting 1-year mortality rates after re-OLT. (Solid line), CTP score;
(dotted line), MELD score. For the entire cohort of 40 patients, the AUC
values were 0.82 (Cl 0.7-0.94) for CTP and 0.68 (Cl 0.49-0.86) for
MELD. P = .11 for the difference between the AUC values for CTP and
MELD.
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In the analysis of CTP score as a predictor of mortality,
there were no deaths for 16 patients with a CTP score of
less than 10 versus 12 deaths among the other 24 patients
with a CTP score of at least 10. In the latter group, the
actuarial survival rates were 50% and 40% at 1 and 5
years, respectively (2 = .0006 by the log-rank test; Fig. 3).
Because there were no deaths in the former group, the
Firth-Cox method was used instead of the standard Cox
proportional hazards model. The Firth-Cox method
showed a HR of 20.5 (P = .0007; Table 6). A MELD
score greater than 25 was also a significant predictor of
mortality using the Cox proportional hazards model (HR
4.7, P = .046; Table 6). Patients with a MELD score of at
least 25 had 1-year and 5-year survival rates of 89% and
79%, respectively. The corresponding survival figures
were 53% and 47%, respectively, for patients with a
MELD score greater than 25 (P = .038 by the log-rank
test; Fig. 4).

Repeat analyses were performed after exclusion of the
three patients who did not receive HBIG after re-OLT to
avoid the potential bias of inadequate prophylaxis against
recurrent HBV infection on survival and predictors of
survival. These three patients had identical CTP scores of
12 and MELD scores ranging from 31 to 40. Two pa-
tients (MELD scores of 31 and 40, respectively) died of
liver failure as a result of recurrent HBV infection (Table
5). The remaining patient (MELD score of 38) did well
and remained alive 11 years after re-OLT. The 1-year and

Table 6. Univariate Analysis of Predictors of Mortality After
Liver Retransplantation for the Entire Cohort of 40 Patients

Predictor Variables Hazard Ratio (95% Cl) P Value

CTP score =10* 20.5 (2.7-2,626)* .0007*
Hepatic encephalopathyt 10.9 (2.4-49.9) .002t
ICU 13.0 (1.4-117) .022
Hepatitis C virus infection 3.4 (1.08-10.7) .037
Creatinine level =2 mg/dL 3.4(1.07-10.6) .039
MELD score >25 4.7 (1.03-21.6) .046
Ascites 3.1(0.84-11.5) .089
Age 1.1 (0.99-1.1) .089
Platelet count <60 2.5(0.79-7.9) 12
Infection 2.5(0.79-7.9) 12
INR 1.5 (0.84-2.6) A7
Retransplant period

(second half vs. first half) 0.71(0.21-2.4) .58
Male sex 1.3(0.41-4.0) .67
Bilirubin level 0.99 (0.96-1.03) .73
Albumin level 0.84 (0.3-2.3) .74

Abbreviations: CTP, Child-Turcotte-Pugh; ICU, intensive care unit; MELD, model
for end-stage liver disease; INR, international normalized ratio for prothrombin
time; re-OLT, liver retransplantation.

*There were no deaths after re-OLT for the 16 patients with a CTP score <10.
The analysis was based on the Firth-Cox method.

tHepatic encephalopathy was the only statistically significant predictor of
mortality after controlling the CTP score in the bivariate analysis (hazard ratio, 4.0;
Cl, 1.2-21.7, P = .028).
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Fig. 3. Kaplan-Meier survival function for up to 5 years after re-OLT
according to preoperative CTP score. (Dotted line), 16 patients with CTP
scores less than 10; (solid line), 24 patients with CTP scores of at least
10. The difference in survival rates between these two subgroups was
statistically significant (P = .0006 by the log-rank test). A CTP score of
at least 10 was a significant predictor of mortality rate using the Firth-Cox
method (HR 20.5, P = .0007). The number of patients in each subgroup
remaining at each time point is shown below the horizontal axis.

5-year survival rates were 100% for the 16 patients with a
CTP score less than 10 versus 54% and 43%, respectively,
for the 21 patients with a CTP score of at least 10 (P =
.0024 by the log-rank test). The 18 patients witha MELD
score of 25 or less had 1-year and 5-year survival rates of
89% and 79%, respectively, versus 56% and 50% for the
19 patients with a MELD score greater than 25 (P = .044
by the log-rank test). The ROC curves generated after the
exclusion of these three patients were almost identical,
with AUC values of 0.82 (CI 0.69-0.94) and 0.67 (CI
0.48-0.87), respectively, for the CTP and MELD scores.
The difference in AUC values was not statistically signif-
icant (P = .13).

Other Predictors of Mortality. Using univariate
analysis for the entire cohort of 40 patients, in addition to
the CTP score and the MELD score, other independent
predictors of mortality after re-OLT included the pres-
ence of hepatic encephalopathy (HR 10.9, 2 = .002),
ICU stay before re-OLT (HR 13.0, P = .022), HCV
infection as the cause of re-OLT (HR 3.4, P = .037), and
creatinine level of at least 2 mg/dL (HR 3.4, P = .039;
Table 6). Statistical significance was marginal with ascites
(HR 3.1, 2= .089) and age (HR 1.05, 2 = .089). Platelet
count, infection within 30 days before re-OLT, INR, sex,
re-OLT period, and bilirubin level were not statistically
significant. Because a CTP score of at least 10 was the
strongest predictor for mortality, a bivariate model con-
trolling the CTP score was applied to all significant pre-
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dictors identified in the univariate model. Only hepatic
encephalopathy remained statistically significant as a pre-
dictor for poor survival after re-OLT (HR 4.0, CI 1.15-
21.7, P = .028; Table 6). Figure 5 shows the survival
function for up to 5 years among patients with and with-
out hepatic encephalopathy. The 1-year and 5-year sur-
vival rates for patients with hepatic encephalopathy were
38% and 30%, respectively, versus 91% and 84%, respec-
tively, for patients without hepatic encephalopathy (P <
.0001 by the log-rank test).

After exclusion of the three patients with HBV infec-
tion who did not receive HBIG after re-OLT, a CTP
score of at least 10 was the strongest predictor of mortality
(HR 19.4, P = .001). The same mortality predictors in
the univariate analysis included hepatic encephalopathy
(HR 18.5, P =.0006), ICU stay before re-OLT (HR 20.0,
P = .01), and HCV infection as the indication for re-
OLT (HR 4.3, P = .02). Several differences in the results
were also observed. Serious infection before re-OLT (HR
3.8, P = .04) was a significant predictor of mortality.
Statistical significance was marginal for a MELD score
greater than 25 (HR 4.3, P = .06) and was not achieved
with a creatinine level of at least 2 mg/dL (HR 2.7, P =
.12). After controlling the CTP score in the bivariate anal-
ysis, none of the predictors in the univariate analysis re-
mained statistically significant as predictors of mortality.

Validation With an Independent Cohort. The

overall Kaplan-Meier 1-year and 5-year survival rates after
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Fig. 4. Kaplan-Meier survival function for up to 5 years after re-OLT
according to the preoperative MELD score. (Dotted line), 18 patients
with MELD scores of 25 or less; (solid line), 22 patients with MELD
scores greater than 25. The difference in survival rates between these two
subgroups was statistically significant (P = .038 by the log-rank test). A
MELD score greater than 25 was a significant predictor of mortality rate
using the Cox proportional hazards model (HR 4.7, P = .046). The
number of patients in each subgroup remaining at each time point is
shown below the horizontal axis.
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Fig. 5. Kaplan-Meier survival function for up to 5 years after re-OLT
according to the presence or absence of hepatic encephalopathy. The
criteria of Gitlin,2° therapy with neomycin or lactulose, or both were used
to define the presence of hepatic encephalopathy. (Dotted line), 24
patients without hepatic encephalopathy; (solid line), 16 patients with
hepatic encephalopathy. The difference in survival between the two
subgroups was statistically significant (P < .0001 by the log-rank test).
The presence of hepatic encaphalopathy was a significant predictor of
mortality rate using the Cox proportional hazards model (HR 10.9, P =
.002). The number of patients in each subgroup remaining at each time
point is shown below the horizontal axis.

re-OLT were 67.9 % and 56.7%, respectively, for the
independent cohort of 49 patients. The median CTP and
MELD scores were 11 (range, 6—15) and 22.5 (range,
6-40), respectively. The most common indications for
re-OLT included recurrent HCV infection (11 patients),
chronic rejection (9 patients), postnecrotic cirrhosis of
uncertain etiology (9 patients), and HAT (6 patients).
The AUC value was 0.59 (CI 0.43-0.76) for the CTP
score and 0.57 (CI 0.39-0.74) for the MELD score (P =
.79 for the difference in the AUC value; Fig. 6). The
1-year survival rate for the 17 patients with a CTP score
less than 10 was 82.4% versus 61.4% for the 32 patients
with a CTP score of atleast 10 (P = .075). AMELD score
of 22 was the cutoff that approached statistical signifi-
cance in predicting 1-year mortality. The 1-year survival
rate was 82.6% for the 24 patients with a MELD score of
at least 22 versus 54.6% for the 24 patients witha MELD
score greater than 22 (P = .057).

Discussion

In the era of critical organ shortage, one of the most
controversial issues facing the liver transplant community
is whether re-OLT should be offered to patients with
chronic graft failure. A logical approach to patients with
late graft failure is stratification according to the risk of
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dying after re-OLT. The recently implemented policy us-
ing the MELD score prioritizes organ allocation accord-
ing to disease severity and the risk of death without
OLT." The impact of preoperative MELD or CTP score
on survival after re-OLT has not been evaluated ade-
quately.

Our results support a general theme that patients with
more advanced liver disease, based on either a high pre-
operative CTP or MELD score, have a worse postopera-
tive outcome than patients with less advanced disease.
The analysis of an independent cohort of a similar size
only showed a trend for a correlation between CTP and
MELD scores with 1-year mortality, raising uncertainties
regarding our findings. A prospective study based on a
larger cohort of patients is needed to further address this
issue. Certainly, there are complex technical and medical
factors, in addition to disease severity alone, that may be
associated with early mortality after re-OLT. Another
weakness of the current study is related to the potential
bias and subjectivity in retrospectively determining indi-
vidual CTP scores, primarily with respect to the degree of
ascites and hepatic encephalopathy. The association be-
tween CTP score and survival after re-OLT was evaluated
by Facciuto et al.® who studied 48 patients with late graft
failure. There was a trend towards a higher 90-day mor-
tality rate after re-OLT among patients with a preopera-
tive CTP score of at least 10, but the difference did not
reach statistical significance (P = .07).¢ The correlation
between a higher MELD score and increased mortality
rates after re-OLT was suggested in a recent study by
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Fig. 6. The ROC curves for the MELD and CTP prognostic models in
predicting 1-year mortality rtaes after re-OLT when applied to an inde-
pendent cohort of 49 patients. (Solid line), CTP score; (dotted line),
MELD score. The AUC values were 0.59 (Cl 0.43-0.76) for the CTP score
and 0.57 (Cl 0.39-0.74) for the MELD score. P = .79 for the difference
in AUC values for the CTP and MELD scores.
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Rosen et al.'> They stratified patients into three risk
groups according to MELD scores less than 22, 22-31,
and at least 32.

The current study is not intended to assess whether
CTP or MELD scores better predict prognosis after re-
OLT than the model proposed by Rosen et al.>!> Rather,
the issue is whether there is a correlation between out-
come after re-OLT and preoperative MELD score, which
is currently used in determining priority for organ alloca-
tion. The finding that a higher preoperative MELD score
predicts worse survival after re-OLT may have potential
implications on the current organ allocation policy. The
best cutoff in the MELD score in predicting mortality
after re-OLT could not be assessed fully in the current
study due to the small sample of patients and to the sig-
nificant number of deaths among patients with a relatively
low preoperative MELD score. The CTP scoring system,
despite the problem with subjectivity in scoring two of the
five parameters (ascites and hepatic encephalopathy), has
stood the test of time for nearly 40 years as the preeminent
indicator of the severity of liver disease.2® The simplicity
of the CTP score also confers a potential advantage over
the MELD and Rosen models if it is confirmed to be a
significant predictor of prognosis after re-OLT.

Hepatic encephalopathy, a predictor of mortality rate
in the current study, did not correlate with mortality rate
after re-OLT in the study by Wong et.al.> and was not
evaluated as an individual predictor in other studies.'24-¢
Our results also differed from several other studies that
found advanced recipient age!->5¢ and bilirubin level>->
to be significant predictors of mortality rate after re-OLT.
The small sample of patients and possible selection bias in
the current study are the most likely explanations for these
differences. Prolonged intubation has been regarded as a
contraindication for OLT in critically ill patients with
chronic liver disease at the University of California, San
Francisco. Therefore, some of the high-risk patients al-
ready might have been excluded in the current study. The
true impact of preoperative hyperbilirubinemia on out-
come after re-OLT might be difficult to demonstrate in
our cohort because only six patients (15%) had bilirubin
levels less than 5 mg/dL.

Another highly controversial issue is whether re-OLT
should be performed for patients with recurrent HCV
infection as the cause of failure of the first allograft.?” The
foundation of this debate is determined by whether HCV
infection as the cause of graft failure per se is associated
with increased postoperative mortality rates. The current
study suggested an increased risk of death among patients
with recurrent HCV infection as the indication for re-
OLT, although the number of patients with HCV infec-
tion was very small and the association was no longer
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statistically significant after controlling the CTP score. A
number of studies have suggested poor survival after re-
OLT for HCV infection.>~® Possible explanations pro-
posed for the poor outcome include a delay in referral
until these patients have very advanced-stage disease,'? as
the current study also supports, and a higher risk of post-
operative infections®!34 possibly due to depression of the
cellular immune response. Acute ductopenic rejection or
chronic rejection leading to graft loss has been reported in
some patients receiving interferon alfa treatment for re-
current HCV infection after OLT,?8-3¢ although the
overall incidence of rejection does not appear to be in-
creased by interferon treatment.>! Conversely, the num-
ber of rejection episodes and the cumulative exposure to
steroids have been linked to accelerated progression of
HCYV infection after OLT.32-37 In the current study, two
deaths were due to liver failure associated with severe duc-
topenic rejection while patients received interferon treat-
ment for recurrent HCV infection and one death was
related to severe recurrent HCV infection of the second
allograft (Table 5). These observations highlight the di-
lemma in the management of immunosuppressive strate-
gies, rejection, and recurrent HCV infection in these
patients,? which may also contribute to significant mor-
bidity and mortality after re-OLT.

In conclusion, the results of the current study suggest
that patients who are more severely ill tend to have a worse
outcome after re-OLT. In an era when there is a critical
shortage of organs, the general principle underlying organ
allocation policy for OLT, utilizing either the CTP model
or the newly implemented MELD scoring system, is to
help the sickest patients first who are at greatest risk of
dying without OLT. This strategy seems justified by the
increasing number of deaths among patients on the
UNOS waiting list and the disparity between the demand
and supply of donor organs, even if survival after primary
OLT is marginally lower for the sickest patients.’® The
allocation of a scarce resource to patients needing re-
OLT, however, is much more controversial when the
overall poor survival rates after re-OLT are scrutinized.
Our results provide a cautionary note in applying the
sickest first organ allocation scheme for re-OLT, but also
underscore the dilemma in many transplant centers where
only patients with a high MELD score can realistically
undergo re-OLT. Finally, the results from an indepen-
dent cohort did not provide confirmatory support of our
findings. Consequently, prospective validation based on a
much larger number of patients is needed.
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