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Six Score Systems to Evaluate Candidates with
Advanced Cirrhosis for Orthotopic Liver
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Many prognostic systems have been devised to predict the outcome of liver transplantation (LT) candidates. Today, the
Model for End-Stage Liver Disease (MELD) is widely used for organ allocation, but it has shown some limitations. The aim
of this study was to investigate the performance of MELD compared to 5 different score models. We evaluated the prognos-
tic ability of MELD, modified Child-Turcotte-Pugh, MELD-sodium, United Kingdom MELD, updated MELD, and integrated
MELD in 487 candidates with cirrhosis for LT at the Bologna Transplant Centre, Bologna, Italy, between 2003 and 2008. Cal-
ibration analysis by Hosmer-Lemeshow test, calibration curves, and concordance c-statistics (area under the receiver oper-
ating characteristic curve [AUC]) were calculated at 3, 6, and 12 months. Actual cumulative survival curves, taking into
account the event of interest in the presence of competing risk, were obtained using the best cutoffs identified by AUC. For
each score, the Hosmer-Lemeshow test revealed a good calibration. Integrated MELD showed calibration curves closer to
the line of perfect predicting ability, followed by MELD-sodium at 3 months and modified Child-Turcotte-Pugh at 6 months.
MELD-sodium AUCs at 3 and 6 months (0.798 and 0.765, respectively) and integrated MELD AUC at 6 months (0.792)
were better than standard MELD (P < 0.05). Actual survival curves showed that these 2 scores were able to identify the
patients with the highest drop-out risk. In conclusion, MELD-sodium and integrated MELD were the best prognostic models
to predict drop-out rates among patients awaiting LT. Liver Transpl 16:964-973, 2010. VC 2010 AASLD.
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The Model for End-Stage Liver Disease (MELD) was
first described in 2000 to predict 3-month survival
rates in patients with chronic liver disease undergoing
transjugular intrahepatic portosystemic shunt.1 This
model, which includes 3 objective measurements (se-
rum creatinine, bilirubin, and prothrombin time inter-
national normalized ratio [INR]) was subsequently
proved to predict waitlist mortality in the liver trans-
plantation (LT) setting more precisely than the Child-

Turcotte-Pugh (CTP) score.2,3 At present, MELD is
widely used for organ allocation,4 but it has shown
some limitations. First, MELD was devised to predict
short-term survival,3 whereas the time spent on the
LT waitlist has increased over the past decade, reach-
ing almost 1 year in about 63% of cases.5 Moreover,
MELD benefits patients with cholestasis or renal fail-
ure and is not directly influenced by other complica-
tions of cirrhosis associated with poor survival, such
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serum sodium; MESO, MELD to serum sodium ratio; NPV, negative predictive value; PPV, positive predictive value; ROC, receiver
operating characteristic; SD, standard deviation; UKELD, United Kingdom MELD; uMELD, updated MELD.

Roberto Di Donato and Lucia Brodosi received research funding from Associazione per la Ricerca sulle Malattie Epatiche (ARME),
Bologna, Italy.

Address reprint requests to Pietro Andreone, M.D., Dipartimento di Medicina Clinica, Alma Mater Studiorum, Università di Bologna, Azienda
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as persistent ascites6,7 and hyponatremia.8 For this
reason, many recent studies have evaluated the effect
of incorporating other variables into the model, such as
serum sodium and age.9-13 On the other hand, the
MELD formula has recently been modified by assigning a
lower weight to creatinine and INR, and a higher weight
to bilirubin, because LT candidates with higher bilirubin
had higher waitlist mortality.14 Moreover, to overrun the
ceiling effect of standard CTP, which accounts for the
inability to properly stratify the severity of advanced cir-
rhosis, additional points have also been advocated for
very high bilirubin, very low albumin levels, and mark-
edly prolonged prothrombin time.15

To date, only 2 studies have evaluated the prognostic
power of standard MELD compared to other MELD-
based score systems.16,17 Namely, 3 scores were eval-
uated: MELD incorporating serum sodium (MELD-Na),
integrated MELD (iMELD) incorporating sodium and age,
and MELD to serum sodium ratio (MESO). These stud-
ies16,17 found that MELD-Na and iMELD predicted the
outcome of patients with decompensated cirrhosis better
than standard MELD, but none specifically addressed
the issue of test performances in the entire spectrum of
disease severity within the studied patient population.

The purpose of the present study was to compare
the short-term and intermediate-term prognostic abil-
ity of the standard MELD with respect to 5 alternative
scores10-15 in patients with advanced cirrhosis await-
ing LT. The performance of these score systems in
relation to the varying severity of cirrhosis was specifi-
cally assessed by calibration analysis.

PATIENTS AND METHODS

Patients

This study included 487 consecutive patients with cir-
rhosis, �18 years of age, and listed for LT at our center
from January 2003 to December 2008. The minimal
criteria for LT listing were those reported by the Ameri-
can Society of Transplant Physicians and the American
Association for the Study of Liver Diseases.18 In this
time period, all patients were prioritized by use of
MELD score. In the same period, 466 patients with liver
diseases worthy of MELD exceptions and added
points,19,20 such as fulminant hepatic failure, retrans-
plantation, hepatocellular carcinoma, primary scleros-
ing cholangitis, need for combined liver-kidney trans-
plantation, presence of pulmonary hypertension, and
genetic liver disease (polycystic liver disease and amy-
loidosis) were listed at our center but were not included
in the present study. Patients infected by human im-
munodeficiency virus were also excluded.

Patients with a history of alcohol consumption or
drug abuse were only listed after an abstinence period
for at least 6 months. At the time of listing, demo-
graphic, clinical and laboratory data, etiology, and his-
tory of complications were recorded and available for
analysis. The presence and severity of ascites (or hydro-
thorax) were assessed by physical examination, ultraso-
nography, or computed tomography and classified as

either controlled or uncontrolled by diuretic treatment,
assigning 2 or 3 points, respectively, according to
CTP.21,22 Hepatic encephalopathy was stratified into 3
grades: absent, low-grade, and high-grade.23

Survival was calculated from the time of listing to
drop-out, LT, or end of the observation period (Decem-
ber 31, 2008). Drop-out included patients removed
from the list because of either death or worsening of
their disease up to the point that they were too sick to
undergo LT. We considered these 2 events as a com-
bined endpoint because they both represent a failure
of the allocation system. Patients removed from the
active waiting list because of disease improvement
continued to be considered in active follow-up and
were monitored at our transplant center.

All data were aggregated in a database and were
rendered anonymous before the study. This procedure
was notified to the Ethics Committee of the Institu-
tion. The retrospective study conformed to the ethical
guidelines of the Declaration of Helsinki.

Calculation of Scores

The standard MELD score1 was computed by a formula
that adds multiples of the natural logarithm (ln) of the
values for INR, creatinine, and bilirubin as follows:

11:2� lnðINRÞ þ 9:57� ln½creatinineðmg=dLÞ� þ 3:78

� ln½bilirubinðmg=dLÞ� þ 6:43ðan interceptÞ

with a lower limit of 1 for all variables and with creatinine
capped at 4 (creatinine was set at 4 if the patient was
receiving renal-replacement therapy). The resulting score
was rounded to the nearest integer, with higher values
indicating more severe disease. The United Kingdom
MELD (UKELD) score10,11 was calculated as follows:

UKELD ¼ ½ð5:395� lnðINRÞÞ
þ ð1:485� lnðcreatinine;lmol=LÞÞ
þ ð3:13� lnðbilirubin; lmol=LÞÞ
� ð81:565� lnðNa;mmol=LÞÞ� þ 435

The iMELD equation12 was based on MELD, age
(years), and Na (mEq/L) calculated as follows:

originalMELDscoreþ ðage� 0:3Þ � ð0:7�NaÞ þ 100:

The MELD-Na equation13 was based on the formula:

MELD-Na ¼ MELD�Na� ½0:025�MELD� ð140� NaÞ�
þ 140

where the Na concentration is bound between 125
and 140 mmol/L. The updated MELD (uMELD)14

assigns a lower weight to creatinine and INR and a
higher weight to bilirubin, and does not incorporate
the lower bounds for bilirubin and INR, and both the
lower and upper bound of creatinine. uMELD was cal-
culated as follows:

1:266� lnð1þ creatinine;mg=dLÞ þ 0:939

� lnð1þ bilirubin;mg=dLÞ þ 1:658� lnð1þ INRÞ

The modified CTP (mCTP)15 was obtained by assign-
ing an additional point in patients whose serum
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bilirubin was >8 mg/dL, prothrombin time prolonga-
tion >11 seconds, or albumin <2.3 g/dL; accordingly,
a mCTP score of 16-18 was defined as mCTP class D,
which identifies severely decompensated cirrhosis.

Statistical Methods

Continuous variables were expressed as mean 6

standard deviation (SD). Comparisons between groups
of patients were made by the v2 test or Fisher’s exact
test (2-tailed) for qualitative variables, whereas the
Mann-Whitney U test was performed for quantitative
variables. The accuracy of outcome prediction was
assessed in terms of calibration and discrimination.
Calibration was evaluated with Hosmer-Lemeshow
goodness-of-fit v2 estimates24 and with calibration
curves at 3 and 6 months. The Hosmer-Lemeshow
test is based on grouping cases into 10 equal sets
(deciles) of risk and comparing the observed probabil-
ity with the expected probability of an event within
each decile. Thus, this test is a measure of the dis-
crepancy between the observed and predicted events.
A better-calibrated model would have a small discrep-
ancy between the observed and predicted events;
thus, a high P value suggests good calibration
whereas a small P indicates poor calibration. Calibra-
tion curves are based on linear regression analysis.
The observed drop-out rates are plotted against pre-
dicted drop-out rates. The R-squared value represents
the proportion of variation of the dependent variable
(observed drop-out rate) that is predicted from the in-
dependent variable (predicted drop-out rate). An R-
squared value of 1.0 indicates that all plotted points
lie on a straight line and therefore the independent
variable predicts the dependent variable with cer-
tainty. If the plotted points (predicted and observed
drop-out rates) lie on a 45-degree line (slope ¼ 1),
with intercept ¼ 0, the predictive score fits the study
data well. An upward shift of the line implies that the
score underestimates the actual drop-out rate
whereas a downward shift represents an overestima-
tion of the actual drop-out rate. Discrimination of
each score in predicting the risk of dropout at 3 and 6
months was assessed by c-statistics equivalent to the
area under the receiver operating characteristic (ROC)
curve (AUC).25 AUCs were evaluated with pairwise
comparison using the algorithm described by Hanley
and McNeil.26 When a significant difference between
AUCs was found, the sample size was evaluated with
type 1 error alpha set to 0.05 and type 2 error beta
set to 0.1. Finally, the cutoffs ensuring the lowest
false negative and false positive results of the scores
showing a better AUC than standard MELD at 3 and
6 months were used to calculate the actual cumula-
tive patient survival probability. The same analysis
was performed in patients with standard MELD score
cutoff at 15 and 18 points on the basis of evidence
emerging with the transplant benefit.27 All the actual
cumulative survival curves took into account the pres-
ence of a second event, namely transplantation, which
was defined as a competing risk event.28 The compari-

sons between the actual cumulative survival probabil-
ity curves in the presence of competing risk were
based on the class of tests proposed by Gray.29 All
statistical analyses were performed using SPSS for
Windows version 13.0 (SPSS Inc., Chicago, IL), Med-
Calc for Windows version 9.2.1.0 (MedCalc Software,
Mariakerke, Belgium), and an add-on package of R.30

Statistical significance was defined as P < 0.05.

RESULTS

Table 1 shows the baseline characteristics of the
study population. Patients were predominantly male
and almost all had cirrhosis due to hepatitis virus
infection and/or alcohol abuse. The 487 patients
included in this study were followed up for a median
period of 12.1 months (range ¼ 0.1-71.5 months).
Among them, 159 (32.6%) underwent LT, 157 (32.3%)
dropped out of the waiting list because of either 127

TABLE 1. Baseline Demographics of the Study Patients

Characteristic Value

Number of patients 487
Male/female 339 (69.6%)/

148 (30.4%)
Age (years) 51.5 6 9.7
Blood group
A 218 (44.7%)
B 52 (10.7%)
AB 10 (2.1%)
0 207 (42.5%)

Etiology of cirrhosis
Virus 281 (57.7%)

HCV 212 (43.5%)
HBV 30 (6.2%)
HBV/HDV 26 (5.3%)
HBV/HCV or HBV/HDV/HCV 13 (2.7%)

Alcohol 112 (23%)
Virus and alcohol 44 (9%)
Other 50 (10.3%)

Serum Biochemistry
Bilirubin (mg/dL) 5.96 6 7.61
Creatinine (mg/dL) 1.06 6 0.43
INR 1.68 6 0.52
Albumin (g/dL) 3.11 6 0.53
Serum sodium (mEq/L) 137 6 4.7

MELD at listing 18.1 6 6 (median:
17; range: 8-45)

Scores at listing
mCTP 9.7 6 2
UKELD 56.1 6 5
iMELD 37.7 6 7.7
MELD-Na 20 6 6.1
uMELD 4 6 0.9

MELD at transplant (n ¼ 88)* 24.2 6 6.5 (median:
24; range: 8-43)

NOTE: Values are expressed as number (%) or mean 6

SD.
*Patients who underwent LT within 6 months after
listing.
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deaths (26.1%) or 30 patients with extremely poor
clinical condition (6.2%). The overall actual survival
rates were 89.7%, 85%, 79.3%, and 72.6% at 3, 6, 12,
and 24 months, respectively. The actual survival
curves obtained by patient stratification according to
the etiology of liver disease did not differ significantly
(data not shown).

Calibration Analysis

The Hosmer-Lemeshow goodness-of-fit test revealed a
good calibration (P > 0.05) for all the scores at 3 and
6 months (Table 2). Calibration for all the scores was
further explored by plotting the observed against the
expected drop-out frequency for every score. Our data
showed that all scores predicted the proportion of var-
iation of observed drop-out rate with good estimate at
3 and 6 months (Table 3). The scores with the most
accurate calibration curve at 3 months were MELD-
Na and iMELD (Fig. 1). However, the stratified pre-
dicted risk of MELD-Na and iMELD at 3 months did
not completely overlap with the diagonal identity line
(predicted ¼ observed), thus overestimating the proba-
bility of drop-out for low-scoring patients and under-
estimating the drop-out risk in high-scoring patients.
At 6 months, the best calibrated score was iMELD.

TABLE 2. Calibration Performance (Hosmer-Lemeshow

Goodness-of-Fit Test) for Each Score at 3 and 6 Months

Score

3 Months 6 Months

HL v2 HL P HL v2 HL P

MELD 8.122 0.422 10.647 0.222
mCTP 2.881 0.718 6.101 0.296
MELD-Na 5.993 0.648 9.381 0.311
iMELD 5.856 0.663 11.213 0.19
UKELD 10.866 0.209 8.553 0.381
uMELD 3.59 0.892 4.048 0.853

NOTE: ‘‘HL P’’ indicates where Hosmer-Lemeshow (HL)
probability > v2 value.

TABLE 3. Calibration Performance (Linear Regression

Analysis) for Each Score at 3 and 6 Months

Score

R-Squared Value

3 Months 6 Months

MELD 0.726 0.74
mCTP 0.756 0.799
MELD-Na 0.78 0.787
iMELD 0.78 0.811
UKELD 0.752 0.761
uMELD 0.728 0.737

NOTE: The R-squared value represents the proportion of
variation between the observed and the expected drop-
out rate. An R-squared value of 1.0 indicates that the
predicted drop-out matched the observed with certainty.

Figure 1. Calibration curves for MELD-Na at 3 months and
iMELD at 3 and 6 months constructed by plotting observed
drop-out rates against predicted drop-out rates. The dotted lines
show perfect agreement between observed and expected drop-
out estimates. The continuous lines are fit lines that represent
data trend.
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Even in this case, the fit line (Fig. 1) shows that
iMELD overestimates drop-out probability for the
entire range of patient risk.

Discrimination Analysis

Comparison Between Standard MELD and the

Other 5 Scores (c-Statistics)

The AUCs for standard MELD and the other 5 scores
were evaluated at 3 and 6 months.

(1) Three-month analysis: 49 of 487 patients died
(10.1%), 1 was judged too sick for LT (0.2%), 61
underwent transplantation (12.5%), and 376 survived
(77.2%). AUCs computed from c-statistics are listed in
Table 4. All the scores showed a good diagnostic
accuracy.

The iMELD had the highest AUC, showing an excel-
lent diagnostic accuracy, followed by MELD-Na, but
the comparison between AUCs showed that only
MELD-Na had a better prognostic power than the
standard MELD because of a very small standard
error (0.018) in the difference between the areas
(0.039, 95% confidence interval [CI] ¼ 0.004-0.074)
(Table 4, Fig. 2).

(2) Six-month analysis: 68 of 487 patients died
(14%), 5 were judged too sick for LT (1%), 88 under-
went transplantation (18.1%), and 325 survived
(66.7%). AUCs computed from c-statistics are listed in
Table 4. All the scores had values in the range of clinical
usefulness. The iMELD had the highest AUC, followed by
MELD-Na. The comparison between AUCs showed that
only iMELD and MELD-Na had a better prognostic power
than the standard MELD (Table 4, Fig. 2).

Comparison Between Actual Survival Curves

Obtained by MELD and 2 MELD-Based Scores

(iMELD and MELD-Na)

Based on the analysis of ROCs at 3 and 6 months, we
compared the actual survival curves of the scores
with the predictive accuracy of patient drop-out
higher than standard MELD at the 2 time points. The

cutoff deriving from ROCs with the best ability to pre-
dict the 3-month and 6-month drop-out rate was 22
for MELD-Na, whereas the cutoff with the best ability
to predict the 6-month drop-out rate was 39 for
iMELD. Table 5 reports the sensitivity, specificity,
positive (PPV) and negative predictive values (NPV) for
these 2 scores. A MELD-Na cutoff of 22 and iMELD
cutoff of 39 discriminated patients who would survive
from those who would drop out (Fig. 3A) (P < 0.001).
Interestingly, these 2 groups of patients were compa-
rable in terms of age, sex, and blood group (data not
shown), regardless of the score system employed and
the cutoff analyzed. As expected, the only exception
was age, which was higher in patients with elevated
iMELD (53.8 6 8.6 years versus 50.2 6 10.1 years, P
< 0.001).

Using the same cutoffs, we also compared the
actual survival rates of a MELD-Na cutoff of 22 and
an iMELD cutoff of 39 with patients with standard
MELD score set to 15 (Fig. 3B) and to 18 points (Fig.
3C). Both the MELD-Na cutoff of 22 and iMELD cutoff
of 39 performed similarly with standard MELD score
set to 15 or 18 points, identifying patients with a good
prognosis at 6 months (P > 0.05 in all cases; Fig.
3B,C). On the other hand, a MELD-Na cutoff of 22
classified listed patients with a significantly worse
prognosis at 6 months with respect to standard MELD
set both to 15 (P < 0.001; Fig. 3B) and 18 (P ¼ 0.034;
Fig. 3C). Furthermore, an iMELD cutoff of 39 identi-
fied listed patients with a worse prognosis more reliably
than standard MELD set to 15 (P ¼ 0.005; Fig. 3B),
whereas no significant difference was found with respect
to standard MELD set to 18 (P ¼ 0.234; Fig. 3C).

DISCUSSION

The enhanced efficacy of LT as a treatment for end-
stage liver disease has led to a progressive discrep-
ancy between supply and demand for donor livers. As
a result, the proportion of patients dying while on the
waitlist has steadily increased.31 In an attempt to
reduce waitlist mortality, a new allocation policy
replacing the CTP with MELD has been adopted since

TABLE 4. Pairwise Comparison of the AUC to Predict 3-Month and 6-Month Drop-Out Rates Between MELD and the

Other 5 Scores Analyzed

Time Point

Scores

MELD mCTP MELD-Na iMELD UKELD uMELD

3-months
AUC 0.759 0.769 0.798 0.806 0.781 0.757
95% CI 0.719-0.797 0.729-0.806 0.76-0.833 0.768-0.841 0.741-0.817 0.716-0.794
P values MELD – 0.738 0.03 0.097 0.489 0.842

3-months
AUC 0.724 0.757 0.765 0.792 0.748 0.727
95% CI 0.682-0.764 0.716-0.794 0.725-0.802 0.753-0.827 0.707-0.786 0.685-0.766
P values MELD – 0.203 0.011 0.006 0.388 0.845

The bold p values are statistically significative.

968 BISELLI ET AL. LIVER TRANSPLANTATION, August 2010



2002. Indeed, by allowing available grafts to be allo-
cated to the sickest patients, the MELD system has led
to a decrease in waitlist mortality32 without impairing
the transplant outcome.33 Nevertheless, the MELD
system does not take into account important prognos-
tic factors. In particular, the role of hyponatremia as
an independent predictor of mortality has been con-
vincingly demonstrated,8 and some studies assessed
the prognostic value of a new score deriving from the
integration of sodium in the MELD score.34,35 The
applicability of sodium-based MELD scoring systems
in organ allocation has some limitations due to interla-
boratory variability and the potential variability of
serum sodium concentration after simple therapeutic
maneuvers such as the administration of diuretics or
intravenous hypotonic fluids or plasma volume expan-
sion. Despite these caveats, Na-based MELD scoring
systems represent a major advance in the prognostic
assessment of patients with cirrhosis.36

To date, only two studies11,13 with an adequate
sample size have evaluated the impact of modified
MELD score on waitlist mortality, and both reported
that the incorporation of Na into the MELD score may
enhance prognostic accuracy. One study elaborated
the MELD-Na formula, based on data from the huge
register of the U.S. Organ Procurement and Trans-
plantation Network14 and the other proposed the
UKELD score, which is currently used to prioritize
patients on the LT waiting list in the United King-
dom.11 Recently, based on the observation that Na
inversely correlated with the severity of cirrhosis, a
further score derived from the ratio between MELD
and Na concentration (MESO) has been proposed, but
it was tested and validated in patients not listed for
LT.9,37 Other MELD-based models have also been
devised that incorporate Na concentration and add ei-
ther age12 or presence of ascites.38 Indeed, ascites
associated with hyponatremia reflects a severe hemo-
dynamic derangement,39 a condition entailing a high
risk of developing hepatic encephalopathy and hepa-
torenal syndrome, with both implying a poor progno-
sis.7 However, the addition of ascites in a MELD-
based score enhanced its prognostic ability only in
patients with low standard MELD,38 and its applic-
ability to the entire spectrum of listed patients needs
further assessment. On the contrary, iMELD that
incorporates sodium and age was validated in a whole
cohort of patients on the waiting list who were eval-
uated consecutively in an Italian transplant center.12

Figure 2. Comparison of ROC curves for scores with higher
predictive accuracy of drop-out rates with respect to MELD at 3
and 6 months.

TABLE 5. Sensitivity, Specificity, NPV, and PPV for the Scores Better than MELD to Predict Drop-Out Rates with the

Best Predictive Cutoffs at 3 and 6 Months

Score (Cutoff) Sensitivity (95% CI) Specificity (95% CI) NPV (95% CI) PPV (95% CI)

3 months
MELD-Na (22) 76% (64.2-87.8%) 73.7% (69.6-77.8%) 96.4% (94.4-98.4%) 24.9% (18.1-31.8%)

6 months
MELD-Na (22) 68.5% (57.9-79.2%) 75.1% (70.9-79.3%) 93.1% (90.4-95.8%) 32.7% (25.3-40.1%)
iMELD (39) 76.7% (67-86.4%) 67.6% (63.1-72.1%) 94.3% (91.7-96.9%) 29.4% (22.6-35.9%)
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The present study only assessed those prognostic
models that had been evaluated in entire patient pop-
ulations in the transplant setting, ie, MELD-Na,
UKELD, iMELD, uMELD, and mCTP, and compared
their performance to that of standard MELD.

To the best of our knowledge, only 2 studies have
compared the performance of different scores. How-
ever, one study suffered from a small sample size,17

whereas the other enrolled patients who were rather
old for LT and mostly had HBV-related cirrhosis,16

which contrasts with the usual prevalent etiologies
seen at transplant centers in the United States and
Europe. Both studies calculated MELD-Na using the
formula proposed by Biggins et al.35 instead of the
more recent one elaborated by Kim et al.13 Finally,
neither study assessed the test performance at differ-
ent degrees of cirrhosis.

Our study is the first to compare all the latest prog-
nostic scores tested on candidates for LT, predicting
short-term and medium-term drop-out rates in cirrho-
sis in the same population, that includes both MELD-
based scores and a CTP-based score. To avoid a con-
frontation bias between MELD and the other scores,
all patients affected by liver diseases with MELD
exceptions and added points were excluded.19,20 In
fact, patients with MELD exceptions undergo LT after
a time spent on the waiting list that is relatively unre-
lated to their standard MELD score. This could make
it impossible to correlate the event of interest, namely
the drop-out from the waiting list, with the score. Our
study population was similar to that of other Euro-
pean and American centers4,5,12,40-42 in terms of age,
etiology, time spent on the waiting list, and mortality
rate throughout the observation period.

In addition, the mean MELD at listing was 18, the
minimal value from which the survival benefit at 1
year has been clearly demonstrated,27 and the mean
MELD at transplant represented an unquestionable
indication for LT. Moreover, the etiology of cirrhosis
did not modify the actual survival rate of listed
patients, which then allowed an assessment of the
prognostic ability of the scores not influenced by the
etiology of liver disease. The analysis of data from a
single center should have ensured uniform allocation
criteria, follow-up schedule, diagnosis and treatment
of pre-LT complications, and prioritization on the
waiting list on the basis of MELD throughout the
study. Finally, the issue of assessing the test perform-
ances in the entire spectrum of disease severity within
our patients was specifically addressed.

Our discrimination analysis showed that 2 of 3
MELD-based scores incorporating sodium, namely
MELD-Na and iMELD, predicts drop-out rates better
than MELD, whereas the performances of UKELD is
similar. Among the MELD-based scores, MELD-Na
and iMELD were comparable, having an AUC value
exceeding 0.75 at any time point (3 and 6 months),
indicating good diagnostic accuracy. These 2 models
could be considered similarly accurate in prediction
outcome. However, MELD-Na better predicts drop-
outs at each time point with respect to standard
MELD, confirming that serum sodium concentration
is a strong predictor of waitlist mortality.8,34 In the
medium-term evaluation, age emerged as the other
predictor of patient drop-out. This is not surprising
because age, which is incorporated into iMELD along

Figure 3. (A) Actual cumulative waiting list survival curves for
scores with the predictive accuracy of drop-out higher than
standard MELD. (B) Actual cumulative survival curves of MELD-Na
and iMELD resulting from cutoffs of AUCs evaluated at 6 months,
compared with standard MELD score set to 15 points. (C) Actual
cumulative survival curves of MELD-Na and iMELD resulting from
cutoffs of AUCs evaluated at 6 months, compared with standard
MELD score set to 18 points. The thick lines represent patients
with the best scores, whereas the thin lines represent patients with
the worst scores.
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with sodium, is strongly associated with higher mor-
tality in cirrhosis.43 However, age inclusion in this
setting could raise ethical issues because LT in elder
recipients has been associated with lower patient and
graft survival,44 namely in patients with end-stage
liver disease.45 Nonetheless, the improved results of
LT and the growing age of U.S. and European popula-
tions has led to a steadily increasing demand for LT in
older recipients.5,40 Thus, age could be included as a vari-
able in a MELD-based evaluation in the coming years.

Our study also analyzed the performance of 2 scores
that do not include sodium, ie, uMELD and mCTP.
Because of the hypothesis that, given the same MELD,
the mortality risk of patients with renal failure differs
from that of patients with normal renal function,
Sharma et al.14 recently tried to improve MELD per-
formance by modifying the three coefficients of the for-
mula (uMELD) using data from the Scientific Registry of
Transplant Recipients for all listed adult candidates in
the United States. In our hands, however, uMELD and
standard MELD had comparable predictive values at 3,
6, and 12 months.14 Such variant results could likely
be explained by differences among enrolled patients.
Although our patients had mean creatinine within the
normal range with a narrow SD, those enrolled by
Sharma et al.14 showed a slightly elevated mean creati-
nine with a wide SD. Therefore, creatinine may have
influenced the score in their study.

The mCTP score15 was devised to attenuate the ceil-
ing effect of the traditional CTP by extending points
up to 18 with the addition of a further class (class D)
in patients with cirrhosis listed for LT in an Asian
Center. This new score may offer an advantage
because MELD is not influenced by hepatic encephal-
opathy and ascites, so that candidates for LT present-
ing these complications might not receive timely
transplants.46 However, in our study population, the
prognostic power of mCTP did not differ from that of
MELD, confirming a previous report,47 even if the cali-
bration of the score, evaluated as the match between
observed and predicted drop-out events, seems to
improve over time (Table 3). For this reason, this
score could be useful for application in individual
cases when the LT waiting time is prolonged.

Having found that the 3-month and 6-month AUCs
of MELD-Na and 6-month AUC of iMELD were signifi-
cantly better than MELD, we identified their respec-
tive cutoffs with best NPV and PPV. Interestingly, the
two scores had a relatively low PPV (25%-33%), but a
high NPV (>90%) in all cases. Such a feature may
serve to select and prioritize LT candidates, because it
would help to avoid futile transplants. Indeed, the 3-
month and 6-month actual survival curves of patients
with a score lower than the best predictive cutoffs of
the 2 mentioned scores showed a high probability of
survival, comparable to that reported in patients who
underwent transplantation.5,40 Although this dichoto-
mous approach is not the standard procedure in the
organ allocation process, it could be helpful in select-
ing LT candidates. Interestingly, both the MELD-Na
and iMELD cutoffs identified patients with a good

prognosis in a similar way with respect to standard
MELD score set to either 15 or to 18 points. However,
both a MELD-Na cutoff of 22 and iMELD cutoff of 39
were more able to identify patients with a worse prog-
nosis than standard MELD set to 15 points, and a
MELD-Na cutoff of 22 also did so with respect to
standard MELD set to 18 points.

Despite these good results, discrimination is not the
only factor determining the applicability of a prognos-
tic model. A model could exhibit a good discrimination
but still be useless for application in individual cases.
In fact, these scores were implemented to stratify the
drop-out risk in large cohorts of LT candidates who
show widely different degrees of disease severity. For
this reason, these scores must be as calibrated as
possible to the population under study.

All the analyzed scores showed a good calibration.
This emphasizes their usefulness in clinical practice.
In particular, iMELD and MELD-Na at 3 months and
iMELD at 6 months showed the best calibration
curves, meaning that they possess the greatest ability
to predict drop-out in single patients.

In conclusion, according to both calibration and
discrimination analysis, among the scores proposed
for selecting and prioritizing LT candidates, some of
those incorporating sodium, namely MELD-Na and
iMELD, are the most accurate in predicting the drop-
out rate of patients with cirrhosis from the waiting
list. MELD-Na was the best drop-out predictor at 3
months, whereas both MELD-Na and iMELD emerged
as highly performing scores in the medium term.
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Operativa di Gastroenterologia, Università di Palermo,
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