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Abstract
AIM: To investigate the capability of a biochemical 
and clinical model, BioCliM, in predicting the survival of 
cirrhotic patients.

METHODS: We prospectively evaluated the survival 
of 172 cirrhotic patients. The model was constructed 
using clinical (ascites, encephalopathy and variceal 
bleeding) and biochemical (serum creatinine and 
serum total bilirubin) variables that were selected from 
a Cox proportional hazards model. It was applied to 
estimate 12-, 52- and 104-wk survival. The model’s 
calibration using the Hosmer-Lemeshow statistic was 
computed at 104 wk in a validation dataset. Finally, the 
model’s validity was tested among an independent set 
of 85 patients who were stratified into 2 risk groups 
(low risk ≤ 8 and high risk > 8). 

RESULTS: In the validation cohort, all measures of fit, 
discrimination and calibration were improved when the 
biochemical and clinical model was used. The proposed 
model had better predictive values (c-statistic: 0.90, 
0.91, 0.91) than the Model for End-stage Liver Disease 
(MELD) and Child-Pugh (CP) scores for 12-, 52- and 
104-wk mortality, respectively. In addition, the Hosmer-
Lemeshow (H-L) statistic revealed that the biochemical 
and clinical model (H-L, 4.69) is better calibrated than 
MELD (H-L, 17.06) and CP (H-L, 14.23). There were 
no significant differences between the observed and 
expected survival curves in the stratified risk groups 
(low risk, P  = 0.61; high risk, P  = 0.77). 

CONCLUSION: Our data suggest that the proposed 
model is able to accurately predict survival in cirrhotic 
patients.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
The Model for End-stage Liver Disease (MELD) and 
Child-Pugh (CP) scores have been the most widely 
applied prognostic markers for organ allocation in liver 
transplantation, mainly due to their simplicity of  use in 
daily clinical practice[1-5]. The MELD score has gained 
wide acceptance for predicting survival in patients 
undergoing liver transplantation. It has been suggested 
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that it provides more accurate prognosis than the Child-
Pugh (CP) score in patients with decompensated cirrhosis 
and that it therefore improves the evaluation of  priority 
for liver graft allocation[4,5]. It is not surprising, however, 
that the magnitude of  superiority of  the MELD score 
over the CP score is modest and is primarily limited 
to the population at the highest risk of  renal failure[6]. 
Additionally, changes in some objective laboratory 
parameters of  the MELD score may be directly related 
to the extensive use of  diuretics, volume status, albumin 
infusion and the patient’s nutritional status. Finally, 
clinical complications of  portal hypertension such as 
ascites, encephalopathy, spontaneous bacterial peritonitis 
(SBP) and gastrointestinal bleeding are not considered 
in the MELD score, probably underestimating any 
direct association with the severity of  liver disease[7]. 
However, the model has been shown to predict mortality 
independent of  the occurrence of  complications of  
portal hypertension[3,4]. The classification applied to the 
clinical complications of  portal hypertension (ascites, 
encephalopathy, variceal bleeding and SBP) in the 
MELD score does not clearly reveal the different grades 
of  severity of  liver disease and its clinical response to 
medical treatment. Therefore, its utility as a prognostic 
model could be limited. In this regard, several recent 
studies have shown that clinical manifestations secondary 
to portal hypertension (encephalopathy, ascites) are good 
prognostic markers in cirrhotic patients[8,9]. According to 
the results of  these studies, the use of  clinical markers in 
prognostic models may be recommended.

The aim of  this study was to evaluate the short-, 
medium- and long-term prognosis of  a series of  
cirrhotic patients by means of  the BioCliM score using 
biochemical (creatinine and bilirubin) and clinical 
(encephalopathy, bleeding esophageal varices and ascites) 
variables, to compare BioCliM with the MELD and CP 
scores, and to identify those variables with liver-related 
mortality. Our model was developed to improve accuracy 
in predicting survival and consequently improve the 
further evaluation of  priority for liver graft allocation in 
cirrhotic patients.

MATERIALS AND METHODS
Study design, setting and participants
We prospectively evaluated 180 consecutive cirrhotic 
patients who were admitted at the National Institute 
of  Gastroenterology of  Havana during the period May 
2003 to January 2006. Inclusion criteria were histological, 
laparoscopic or clinical diagnosis of  cirrhosis and 
presence of  compensated or decompensated disease 
(stages A, B or C according to the CP classification). 
Patients with hepatocellular carcinoma, severe infection, 
severe primary cardiopulmonary failure, alcohol use 
within one month before initial evaluation, and intrinsic 
kidney disease were excluded from the study. Among 
180 patients who had complete medical profiles and an 
established diagnosis of  hepatic cirrhosis, 172 patients 
fulfilled the above selection criteria.

The model validation was performed by applying it to 

an independent group of  85 patients who were evaluated 
at the “Calixto Garcia” Hospital of  Havana from March 
2005 to August 2007. The baseline characteristics of  the 
patient population are summarized in Table 1.

Variables of interest, measurement, follow-up and ethics 
Detailed medical history, complete physical examination, 
and a battery of  laboratory tests were performed in 
all patients on the day of  admission. Biochemical 
evaluations were carried out by the same laboratory. 
Prothrombin time expressed as PT-ratio (patient-to-
normal coagulation time) was converted to prothrombin 
time international normalized ratio (INR) using an 
internal laboratory standard and was assessed by a single 

Variables Derivation set 
n  = 172

Validation set 
n  = 85

Follow-up period     56 (4-104)    58 (8-104)
Age (yr)     56 (20-79)    59 (23-78)
Sex, n (%)
   Male   106 (62)    58 (68)
   Female     66 (38)    27 (32)
Cause of cirrhosis, n (%)
   Alcohol     30 (17)    16 (19)
   Alcohol plus viral infection     15 (9)      4 (5)
   HBV     20 (12)    12 (14)
   HCV     92 (53)    50 (59)
   Viral co-infection (HBV/HCV)       1 (1)      1 (1)
   Unknown     13 (7)      1 (1)
   NAFL       1 (1)      1 (1)
Complications on admission, n (%)
   Ascites
      Absent or controlled   147 (85)    72 (85)
      Uncontrolled     25 (15)    13 (15)
   BEV
      Absent or present without relapses   167 (97)    79 (94)
      Present with relapses       5 (3)      5 (6)
   Encephalopathy
      Absent or controlled   160 (93)    79 (93)
      Uncontrolled      12 (7)      6 (7)
   SBP
      Absent or present without relapses   168 (98)    82 (96)
      Present with relapses        4 (2)      3 (4)
Hepatorenal syndrome, n (%)       3 (2)      1 (1)
Prothrombin time (s)     19 (13-55)    17 (13-53)
Partial thromboplastin time (s)     38 (26-165)    39 (26-167)
INR for prothrombin time    1.7 (1-7.5)   1.5 (1-6.9)
Albumin (g/L)     37 (20-48)    36 (21-47)
Creatinine (mmol/L)1   100 (42-516)    98 (39-489)
Bilirubin (mmol/L)2     20 (8-130)    23 (12-137)
Cholesterol (mmol/L)    3.8 (1.9-10.2)   3.9 (2-9.6)
Child-Pugh score3       7 (5-14)      7 (5-14)
   Child-Pugh A, n (%)     67 (39)    30 (35)
   Child-Pugh B, n (%)     75 (44)    34 (40)
   Child-Pugh C, n (%)     30 (17)    21 (25)
MELD score     17 (9-42)    18 (10-43)
BioCliM score    7.7 (6.1-13.6)   7.9 (6-13.8)

Table 1  Baseline characteristics of the patient population

HBV: Hepatitis B virus; HCV: Hepatitis C virus; NAFL: Non-alcoholic 
fatty liver; BEV: Bleeding esophageal varices; SBP: Spontaneous bacterial 
peritonitis; INR: International normalized ratio; MELD: Model for End-
stage Liver Disease; BioCliM: Biochemical and Clinical Model. All quan-
titative variables are expressed as median (ranges). 1To convert mmol/L 
into mg/dL, multiply by 0.01131. 2To convert mmol/L into mg/dL, mul-
tiply by 0.0585. 3The Child-Pugh, MELD and BioCliM scores are measures 
of the severity of liver disease.
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operator. The main clinical complications of  portal 
hypertension were initially evaluated and classified by 
an experienced hepatologist depending on the clinical 
response to medical treatment. Bleeding esophageal 
varices (BEV) were diagnosed by clinical signs of  
hematemesis and endoscopic signs of  active bleeding or 
adherent clots on EV[10]; they were classified as absent, 
present with relapses or rebleeding (2 or more bleeding 
episodes in the last 3 mo) or without relapses (one 
bleeding episode in the last 3 mo). Variceal bleeding 
relapse or rebleeding was defined as the occurrence 
of  hematemesis/melena, aspiration of  more than 
100 mL of  fresh blood in patients with a nasogastric 
tube and decrease of  3 g in Hb if  no transfusion was 
given. Portosystemic encephalopathy was defined 
according to the West Haven criteria for grading 
from 0 (subclinical) to 4 (coma)[11]; it was classified as 
absent (no episode of  encephalopathy in the last year), 
medically controlled (episodic hepatic encephalopathy 
developing over hours to days, but does not persist 
with adequate medical treatment) or uncontrolled 
(persistent hepatic encephalopathy that develops upon 
discontinuation of  medication), irrespective of  disease 
severity. Ascites was classified as absent (no clinical and 
ultrasound evidence of  ascites and without therapeutic 
intervention), medically controlled (no clinical and 
ultrasound evidence of  ascites in patients undergoing 
full therapeutic intervention) or uncontrolled (ascites 
that requires repeated paracentesis for control or a 
sodium-restricted diet and intensive diuretic therapy). 
Diagnostic paracentesis and ascitic f luid culture 
were performed in all admitted cirrhotic patients. 
Spontaneous bacterial peritonitis (SBP) was diagnosed 
when the ascites polymorphonuclear leukocyte (PMN) 
count was > 250/mm3, with or without positive ascites 
bacterial culture[12]; it was coded as absent, present 
without relapses (one SBP episode in the last year) and 
present with relapses (2 or more episodes in the last 
year). Patients were followed up from their date of  
initial evaluation until death (related or unrelated to liver 
disease), liver transplantation, or study closure. Patients 
with death unrelated to liver disease were excluded from 
the analysis. Patients lost to follow-up were censored at 
the last date known to be alive and patients undergoing 
liver transplantation were censored at the transplant date.

The study was conducted in compliance with the 
Declaration of  Helsinki and approved by the ethics 
committee and the institutional review board of  the 
National Institute of  Gastroenterology. All patients 
provided written informed consent for participation.

Analysis for survival and derivation of the novel risk 
score
The probable prognostic predictors, including age, sex, 
serum biochemistry and clinical complications of  portal 
hypertension, were analyzed to determine prognostic 
ability. To lessen the influence of  extreme laboratory 
values, quantitative variables were transformed to their 
natural logarithms.

Univariate and multivariate forward stepwise Cox 

proportional hazards models were used to determine 
variables associated with survival. Variables that were 
significant (P < 0.05) in univariate analysis were included 
in multivariate analysis. Stepwise probabilities for entry 
or removal were set at 0.05 and 0.10, respectively.

With each Cox model, a risk score for each patient was 
calculated as: R = b 1X1 + b 2X2+…+ b kXk, where X1, 
X2,…, Xk  are the values of  prognostic factors and b 1, b 2,
…, b k are the corresponding regression coefficients. A 
higher risk score corresponds to poorer prognosis.

The forward stepwise selection procedures were 
used for variable selection, assessment for interactions, 
and model development. The likelihood ratio statistic 
tested the significance of  the addition of  each variable 
separately to a predictive model that included ascites 
only. Furthermore, the c-statistic was computed as a 
criterion for the selection of  a group of  variables to be 
used in the new predictive model. The final criterion for 
inclusion in the model was minimization of  the Bayes 
Information Criterion (BIC)[13]. The BIC is a likelihood-
based measure in which lower values indicate better 
fit and in which a penalty is paid for increasing the 
number of  variables. Thus, the variables selected for 
inclusion should provide not only the best fit but also a 
parsimonious prediction model.

Predictive models for survival and discrimination
The CP and MELD scores were calculated on 
parameters obtained at referral. The MELD score was 
calculated according to the original formula proposed by 
the Mayo Clinic group as follows: [9.57 × loge creatinine 
mg/dL + 3.78 × loge bilirubin mg/dL + 11.20 × loge 

INR + 6.43 (constant for liver disease etiology)]. To 
avoid negative scores, laboratory values less than 1 were 
rounded up to 1. The maximal value of  creatinine was  
4 mg/dL[3].

Once a new risk model was determined, it was 
prospectively tested in the validation dataset of  85 patients 
from “Calixto Garcia” Hospital. The discrimination 
ability of  the different models was measured by means 
of  the concordance statistic (c-statistic), a measure of  
discrimination also known as a natural extension of  
the receiving operator characteristic (ROC) curve area 
in survival analysis. P values for the comparison of  the 
c-statistic were computed using the bootstrap method. A 
c-statistic between 0.8 and 0.9 indicates excellent accuracy, 
and a value over 0.7 should be considered clinically useful. 
The concordance c-statistic was assessed for 12-, 52-, and 
104-wk survival. A time-to-event with the censored data 
version for survival analysis was performed to compute 
the c-statistic.

The concordance probability estimates (CPE) 
were computed[14], because the c-statistic seems to 
overestimate the true concordance probability, especially 
if  the censoring proportion is high. Since the CPE is a 
consistent estimate, it is a better measure in the context 
of  using predictions from Cox regression models.

Calibration and external validation of the new risk score
To assess model calibration (or how closely the predicted 
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probabilities reflect actual risk), the Hosmer-Lemeshow 
calibration statistic, as modified by D’Agostino  
et al[15], comparing observed and predicted risk was 
implemented.

In addition, the new risk model was validated in 
a cohort of  85 independent patients from “Calixto 
Garcia” Hospital who were stratified into 2 risk (R) 
groups: R ≤ 8 and R > 8. Within each risk group 
the survival was calculated using the Kaplan-Meier 
procedure and the observed-predicted survivals were 
compared using the log-rank test.

Analyses were performed with the use of  SAS 
software, version 9.1 (SAS Institute).

RESULTS
A total of  180 patients were examined for eligibility, and 
172 were included in the study. The reasons for non-
participation were: 3 patients with HCC, 3 with repeated 
alcohol use, and 2 with severe infection disease. The 
period of  recruitment lasted from May 2003 to February 
2004. One hundred and forty one patients completed 
the follow-up period. Thirty one patients died during 
the study, 29 liver-related and 2 unrelated to liver disease 
(myocardial infarction). One hundred and seventy 
patients were included in the outcome analyses.

The patients’ clinical and serological features are 
summarized in Table 1.

In the derivation data set, the median follow-up 
period was 56 wk (range, 4-104 wk). The CP median 
score was 7 (range, 5-14) with 61% of  the patients being 
CP class B and C. The MELD and BioCliM median 
scores were 17 (range, 8-42) and 7.7 (range, 5.7-13.6), 
respectively. During follow-up, 29 patients (17%) died. 
The 4-, 12-, 24-, 52- and 104-wk survival rates were 
98%, 98%, 90%, 89% and 83%, respectively.

The patients of  the validation group were followed 
for a median of  58 wk (range, 8–104 wk) during which 
13 died. The 4-, 12-, 24-, 52- and 104-wk survival rates 
were 96%, 95%, 88%, 84% and 83%, respectively. 
The CP median score was 7 (range, 5-14) with 65% of  
the patients being CP class B and C. The MELD and 
BioCliM median scores were 18 (range, 9-43) and 7.9 
(range, 6-13.8), respectively.

None of  the patients in the derivation or validation 
groups underwent liver transplantation during the 
follow-up period. 

Overall survival according to single prognostic factors
Univariate analysis for 104-wk overall survival: 
Univariate analysis using Cox proportional hazards 
models showed that serum levels of  creatinine, 
bilirubin, cholesterol, albumin, prothrombin time, partial 
thromboplastin time, ascites, spontaneous bacterial 
peritonitis, encephalopathy and bleeding esophageal varices 
were significantly associated with survival (Table 2).

Multivariate analysis for 104-wk overall survival: 
Multivariate Cox regression analysis included those 
variables independently related to survival resulting from 

univariate analysis. The selected variables were available 
in all patients that entered the forward stepwise model. 
Of  the candidate variables, only ascites, encephalopathy, 
bleeding esophageal varices and serum creatinine were 
independently predictive of  survival (Table 3).

The estimated hazard risk for ascites suggested 
that the risk of  death for uncontrolled ascites was 10.2 
times greater than for those with absent or controlled 
ascites. The risk of  death in those patients with relapsing 
bleeding and uncontrolled encephalopathy increased 
3.25 times compared to those without bleeding or with 
non-relapsing bleeding, and 2.5 times compared to those 
with absent or controlled encephalopathy. In terms 
of  impact in prognosis, the ascites (hazard ratio (HR), 
10.2) and serum creatinine (HR, 3.99) were the most 
important prognostic factors.

Model derivation and development
In the model derivation cohort, 11 potential variables 
selected from the univariate analysis (P < 0.05) were 
calculated for model inclusion. Of  these only 5 were 
included in the model. The likelihood ratio statistic 
showed the significance of  the addition of  each 
variable separately to a predictive model that included 
ascites only (Table 3). The c2 statistic was progressively 
increased with the addition of  creatinine, bleeding 
esophageal varices, hepatic encephalopathy, and 
bilirubin. The c-statistic in the model that included only 
ascites was 0.76, based on the c-statistic for censored 
data. When creatinine, BEV, HE and bilirubin were 
added to the model, the c-statistic was improved to 0.83, 
0.85, 0.89, and 0.90, respectively. In the same context, 

CI: Confidence interval; ALT: Alanine aminotransferase; AST: Aspartate 
aminotransferase. Hazard ratios (95% CI) for quantitative variables are 
expressed for 1 relevant unit increase of log. INR: International normal-
ized ratio. 1Prothrombin time (s): Value in seconds. 2Partial thromboplastin 
time (s): Value in seconds.

Variables     P Hazard 
ratio

95% CI for 
Hazard ratio

Age (yr)     0.68 0.56 0.36-1.06
Sex (male)     0.54 0.44 0.89-1.26
Etiology (viral)     0.66 0.58 0.40-1.11
ALT (IU/L) (logn value)     0.85 0.84 0.34-1.12
AST (IU/L) (logn value)     0.43 0.90 0.56-1.34
ALT/AST ratio     0.64 0.87 0.50-1.21
Platelet count (× 109/L) (logn value)     0.54 0.89 0.52-1.30
Prothrombin time (s)1 (logn value)     0.01 2.23 1.24-4.89
INR for prothrombin time (logn value)     0.03 1.99 1.13-3.96
Partial thromboplastin time (s)2 
(logn value)

    0.04 1.78 1.10-3.23

Albumin (mg/dL) (logn value)     0.001 3.12 1.89-5.23
Bilirubin (mmol/L) (logn value) < 0.001 3.89 2.12-6.14
Creatinine (mmol/L) (logn value) < 0.001 3.95 2.18-6.56
Cholesterol (mmol/L) (loge value)     0.03 1.83 1.34-3,42
Ascites < 0.001 4.05 2.27-6.33
Spontaneous bacterial peritonitis     0.001 3.05 2.10-5.07
Encephalopathy < 0.001 4.50 2.90-6.50
Bleeding esophageal varices < 0.001 4.78 3.11-7.11

Table 2  Association of baseline characteristics with mortality 
in 170 cirrhotic patients, results from univariate Cox 
proportional hazards models
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the combination of  ascites, creatinine, BEV, HE and 
bilirubin revealed the smallest BIC value (1951.77), thus, 

in the derivation set, the model with the combination of  
clinical and biochemical variables appeared to improve 
the risk prediction.

Computational formula for 104-wk risk using best-fitting 
model
The regression coefficients of  the formula for 
calculating the new risk score (biochemical and clinical 
model) were selected from a Cox regression model[16] 
and are reported in Table 3.

The risk scores for individual patients were calculated 
using the following equation: [1.370 × loge (creatinine 
mmol/L) + 0.349 × loge (bilirubin mmol/L) + 2.310 
× (ascites: 0 if  absent or medically controlled and 1 if  
uncontrolled) + 0.909 × (encephalopathy: 0 if  absent 
or medically controlled and 1 if  uncontrolled) + 1.195 
× (bleeding esophageal varices: 0 if  absent or present 
without relapses and 1 if  present with relapses). The 
clinical variables were coded depending on the clinical 
response to medical treatment. The variables grouped 
together as “absent or medically controlled” (ascites 
and encephalopathy) and “absent or present without 
relapses” (bleeding esophageal varices) have been so 
grouped because their survival was similar in each one 
of  them (Figure 1). The missing values were imputed for 
survival modeling. 

Survival probabilities were derived from the Cox 
proportional hazards model: S(t) = S0(t)exp(R-R

o
). S(t) is 

the survival probability in wk, S0(t) the baseline survival 
function, R the individual risk score and R0 the risk 
score of  the average patient in the series. For example, 
the 12-wk survival probability is calculated as: S(12 wk)= 
0.981exp(BioCliM score-7), where 0.981 is the 12-wk baseline 
survival and 7 is the reference BioCliM score. To ease its 
use, the score was multiplied by 100.

Predictive models for 12-, 52- and 104-wk survival
Comparison of  the c-statistic values among the CP, 
MELD and BioCliM scores was performed. All scoring 
systems were found to have diagnostic accuracy in 
predicting survival. The BioCliM score, however, showed 
to have better discriminative power in predicting short- 
(12 wk), intermediate- (52 wk) and long-term survival 
(104 wk) than the rest of  the scores (Figure 2).

Variable Variable c2 Regression 
coefficient

Hazard ratio 95% CI for Hazard ratio P  value c-statistic BIC

Ascites 53.90 2.310 10.2 3.78 28.1   < 0.0001 0.76 2014.15
+ Ln (creatinine) 63.43 1.370   3.99 1.57 10.9     0.006 0.83 1988.15
+ BEV 65.71 1.195   3.25 1.01     9.77     0.048 0.85 1970.65
+ HE 68.91 0.909   2.50   0.915     6.88     0.070 0.89 1961.89
+ Ln (bilirubin)2 70.11 0.349   1.46 0.66     3.33     0.427 0.90 1951.77

Table 3  Contributions of different variables to survival prediction at 104 wk, results from multivariate Cox 
regression models1

1Estimated from Cox proportional hazards models. 2Biochemical (bilirubin and creatinine) and Clinical (ascites, encephalopathy 
and bleeding esophageal varices) Model; BEV: Bleeding esophageal varices; HE: Hepatic encephalopathy; BIC: Bayesian Informa-
tion Criterion. Ln was used to normalize distributions and improve the fit for individual predictors. Hazard ratio for quantitative 
variables are expressed for 1 relevant unit increase of log. + indicates the addition of each variable separately to the model with 
ascites only. c2 is the likelihood ratio statistic for each group of variables when added to the model. The risk prediction was based 
on data from the model derivation cohort (n = 170) at 104 wk follow-up.
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Figure 1  Kaplan-Meier estimated survival curves for clinical variables. A: 
Ascites; B: Encephalopathy; C: Bleeding esophageal varices. 
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The c-statistic for the CP and MELD scores were 
almost identical for 12-wk survival (0.82 and 0.82), 
and slightly higher for CP as compared with MELD 
for 52-wk (0.84 and 0.82) and 104-wk (0.86 and 0.82) 
survival.

We used an alternative way of  computing the 
concordance probability for a censored outcome to 
estimate the true concordance probability in samples 
with a high censored proportion. The concordance 
probability estimates for the CP (CPE, 0.71; SE, 0.042), 
MELD (CPE, 0.74; SE, 0.043) and BioCliM (CPE, 0.78; 
SE, 0.050) models were lower at 12 wk in comparison 
with those obtained using the standard c-statistic value. 
Finally, the CPE at 12 wk was consistently higher for 
BioCliM as compared with CP and MELD scores.

Discrimination and model validation
The Hosmer-Lemeshow statistic (H-L) is a measure of  
the discrepancy between the observed and predicted 
risk. A better calibrated model would have a smaller 
discrepancy between the observed and predicted and 
thus a smaller H-L statistic.

A significant P value for the H-L statistic indicates 
a significant deviation between predicted and observed 
outcomes. Figure 3 compares the calibration of  the 
BioCliM, MELD and CP scores in predicting the 
probability of  death at 104 wk. The H-L statistic was 
4.69 for the BioCliM score, 17.06 for the MELD score 
and 14.23 for the CP score, indicating a good calibration 
for all models; however, this analysis clearly shows that 
BioCliM is better calibrated.

Figure 4 illustrates the observed and expected 
Kaplan-Meier survival curves for each score in 2 patient 
subgroups divided according to risk score as low risk (R 
≤ 8) and high risk (R > 8), selected from the “Calixto 
Garcia” Hospital. Using a cutoff  value of  8 (risk score) 
to predict probability of  survival within 104 wk, the 
sensitivity and specificity of  the BioCliM score was 90% 
and 87%, respectively. Median survival was 104 wk and 
47 wk for low- and high-risk groups, respectively. There 
were no significant differences between the observed 
and expected survival curves in the stratified risk groups 
(low risk, P = 0.61; high risk, P = 0.77). Thus, the 
BioCliM score allowed accurate prediction of  survival in 
the cirrhotic patient validation group.

Survival according to the BioCliM score
The differences in the short-, intermediate- and long-
term survival between patients with low risk (≤ 8), and 
high risk (> 8) scores were compared (Figure 5).

Overall survival rates were significantly different 
between low-risk and high-risk patients (P < 0.0001). 
The 12-wk survival rates were 98% and 64% for low 
and high risk, respectively. For low and high risk, 1-year 
survival rates were 97% and 3%, and 2-year survival 
rates were 95% and 0%, respectively. Patients with a high 
risk score had the highest risk of  mortality compared to 
patients with low values. Patients with a BioCliM score 
of  ≥ 8 had a median survival of  < 47 wk in comparison 
to patients with a median survival of  104 wk for patients 
with a BioCliM score of  < 8.

DISCUSSION
The most widely used prognostic model to predict 
survival in cirrhotic patients has been the CP score. 
It is an important tool for the prognostic evaluation 
of  cirrhotic patients and the current organ allocation 
policy. It has, however, several drawbacks such as the 
subjectivity of  clinical parameters, limited discriminative 
capabi l i ty and variabi l i ty in the measurements 
of  laboratory parameters[17,18]. Current CP score 
modifications by adding new variables or utilizing 
sophisticated measures did not improve its accuracy to 
predict survival[19-25]. A relatively new score, the MELD, 
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Figure 2  Comparison of the c-index values of the MELD, Child-Pugh and 
BioCliM scores for 12- (A), 52- (B) and 104-wk (C) survival. SE indicates 
standard errors. The different values were compared with BioCliM score using 
the bootstrap method. 
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has been instituted in patients with end-stage liver 
disease awaiting liver transplantation. MELD has shown 
an advantage over CP by using continuous objective 
variables that are not open to observer interpretation and 
are appropriately weighted according to their impact on 
prognosis[3,4,26]. Its ability to predict mortality, however, 
has been found to be similar or slightly superior to the 
traditional CP score[27-30]. These controversies suggest 
that a better predictive model is necessary to predict 
survival in cirrhotic patients.

In our study, the baseline characteristics were 
comparable with similar studies evaluating survival in 
cirrhotic patients[31-36]. Furthermore, all clinical and 
biochemical variables included in the CP and MELD 
scores were associated with survival in univariate 

analysis. Multivariate Cox proportional hazards analysis 
identified serum creatinine, ascites, encephalopathy and 
bleeding esophageal varices as independent prognostic 
factors for overall survival. The strongest predictors 
of  mortality were ascites and serum creatinine. In 
our proposed model, ascites, encephalopathy and 
variceal bleeding were evaluated depending on medical 
treatment response, and the diagnosis and treatment of  
each of  these was based on the most recent published 
guidelines[10-12,37]. The used nomenclature appeared to be 
more uniform and less subjective than the commonly 
applied classification into CP or MELD scores[2-4].

The major finding of  this prospective study is that 
the BioCliM score, which is based on a combination of  
3 clinical indices (ascites, encephalopathy and bleeding 
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Figure 3  Observed and predicted probability of events at 104 wk. A, B and C shows the observed and predicted probability of death according to BioCliM, MELD 
and Child-Pugh scores in 10 groups (deciles) of patients, respectively. A significant P-value for the Hosmer-Lemeshow statistic indicates a significant deviation be-
tween predicted and observed outcomes. 
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esophageal varices) and 2 biochemical parameters 
(creatinine and bilirubin), is able to accurately predict 
short-term (12 wk), intermediate-term (52 wk) and long-
term (104 wk) mortality in cirrhotic patients. Our results 
showed that the BioCliM score is superior to the CP 
and MELD scores in ranking patients according to their 
risk of  death. In addition, the BioCliM score showed 
a sustained discriminative power to predict survival 
through the different evaluated periods (12-104 wk). 
Our data further support, as well as previous findings, 
that the MELD score is not significantly superior to 
the CP score in predicting survival in patients with 
hepatic cirrhosis[25,27-30]. Theoretically, the MELD score 
is undoubtedly more objective and robust than the CP 
score for the previously mentioned reasons; however, 
a major limitation of  the MELD score is the poor 
discriminative power to predict survival among patients 
whose clinical course is often affected by other factors 
which are excluded by the model[38]. Recent studies 
have demonstrated that ascites, encephalopathy and 
hyponatremia are important independent predictors 
of  early pretransplant mortality, especially for patients 
with low MELD scores[8,9,39,40], thus affecting the 
consideration for an expedited liver transplant under 

the “sickest first” model. In consequence, as the MELD 
score does not reflect the presence of  ascites and 
encephalopathy, these patients need to be allocated 
separately for liver transplantation if  MELD is used to 
prioritize organ allocation. By contrast, the BioCliM 
scale is able to accurately predict survival in patients with 
clinical complications of  portal hypertension, thus the 
BioCliM score could be recommended in the individual 
management of  these patients. Further studies are 
needed to validate its prognostic accuracy in patients 
undergoing liver transplantation.

Possibly the most important study limitations were 
the relatively small sample size, the poor geographic 
diversity of  the patients included (single and tertiary 
center) and the major drawbacks of  the MELD score 
related to wide variability of  laboratory parameters such 
as serum creatinine and bilirubin[28,41,42].

In conclusion, both the CP and MELD scores 
can accurately predict short-term survival in cirrhotic 
patients, while the BioCliM score appears to have 
great discriminative power for short- (4 and 12 wk), 
intermediate- (24 and 52 wk) and long-term (104 wk) 
survival. In contrast to the MELD score, the use of  the 
BioCliM score in patients with ascites, encephalopathy 
and variceal bleeding could significantly increase survival 
predictive values in patients with end-stage liver disease. 
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Background
The Child-Pugh and Model for End-stage Liver Disease (MELD) scores are 
important tools for the prognostic evaluation of cirrhotic patients and the current 
organ allocation policy. These have, however, several drawbacks such as the 
subjectivity of clinical parameters, limited discriminative capability and variability 
in the measurements of laboratory parameters. The current evidence suggests 
that a better predictive model is necessary to predict survival in cirrhotic 
patients.
Research frontiers
The cl inical complications of portal hypertension such as ascites, 
encephalopathy, spontaneous bacterial peritonitis (SBP) and gastrointestinal 
bleeding are not considered in the MELD score, probably underestimating 
that they may have a direct association with the severity of liver disease. 
The classification applied to the clinical complications of portal hypertension 
(ascites, encephalopathy, variceal bleeding and SBP) in the MELD score does 
not clearly reveal the different grades of severity of liver disease and its clinical 
response to medical treatment. Therefore, its utility in the prognostic model 
could be limited. In this study, the authors have evaluated a new paradigm for 
clinical variables, depending on the severity and medical treatment response 
and how they have an influence, as prognostic factors, in the survival of 
cirrhotic patients.
Innovations and breakthroughs
Recent reports have demonstrated that ascites, encephalopathy and 
hyponatremia are important independent predictors of early pretransplant 
mortality, especially for patients with low MELD scores, thus affecting the 
consideration for an expedited liver transplantation under the “sickest first” 
model. In consequence, as the MELD score does not reflect the presence of 
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Figure 4  Observed and expected 104-wk survival curves for the BioCliM 
score. Survival of 85 independent patients from the “Calixto Garcia” Hospital 
who were stratified according to their risk score into two risk groups (low-risk ≤ 
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Figure 5  Kaplan-Meier estimated survival curves for the BioCli Model 
score.
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ascites and encephalopathy, these patients need to be allocated separately for 
liver transplantation if MELD is used to prioritize organ allocation. By contrast, 
the new biochemical and clinical model is able to accurately predict survival 
in patients with clinical complications of portal hypertension; thus the BioCliM 
score could be recommended in the individual management of these patients.
Applications
In contrast to the MELD score, BioCliM is able to accurately predict survival 
in patients with clinical complications of portal hypertension, thus the BioCliM 
score could be recommended in the individual management of these patients. 
Further studies are needed to validate its prognostic accuracy in patients 
undergoing liver transplantation.
Terminology
BioCliM is a new biochemical and clinical model that is able to accurately 
predict survival in patients with end-stage liver disease.
Peer review
The authors examined the prognostic value and predictive capability of a new 
prognostic model in patients with end-stage liver disease. A less subjective 
nomenclature to assess the clinical complications of portal hypertension was 
evaluated in combination with biochemical variables to determine their influence     
as prognostic factors of survival in cirrhotic patients. The biochemical and 
clinical model was shown to accurately predict survival in patients with 
clinical complications of portal hypertension and it appeared to have great 
discriminative power for short- (4 and 12 wk), intermediate- (24 and 52 wk) and 
long-term (104 wk) survival. 
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