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Background & Aims: Patients with hepatocellular carcinoma dataset, three groups of increasing risk were defined, and these

(HCC) in a palliative setting have a poor prognosis despite recent
therapeutic progress. Several prognostic scores, such as the BCLC
and the CLIP, have been shown to be useful in helping select
treatment options ranging from transplantation to palliative care.
However, the discriminatory ability of these scores is inadequate
in palliative settings, which concern about 70% of HCC patients. In
this paper, we propose and validate a new prognostic score for
patients in the palliative setting.
Methods: The prognostic score was developed on a set of 416
patients from a negative randomized clinical trial conducted by
the Fédération Francophone de Cancers Digestifs. It was then sub-
sequently validated on a second set of 271 patients from another
negative trial. Backward selection was used to identify indepen-
dent baseline characteristics. Measures of discrimination and
predictive values were computed to assess the quality of the
developed score. Comparisons with the BCLC and the CLIP – with
and without the WHO performance status (PS) score – were
performed.
Results: Tumour morphology, portal vein obstruction, metasta-
sis, ascites, jaundice, alpha-foetoprotein, and serum alkaline
phosphatase were included in the final score. From the training
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were associated with hazard ratios (HR) of 2.13 and HR = 5.72.
Similar results were obtained on the validation dataset. This score
provides a better discriminatory ability than BCLC and CLIP in this
setting. Unfortunately, absolute performances for these scores
remain poor.
Conclusions: The new prognostic score and CLIP + PS are recom-
mended in palliative settings. However, new prognostic variables
are necessary.
� 2010 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.
Introduction

Staging systems used to define the prognosis of a particular dis-
ease are useful tools to guide treatment options. They are also
essential for the selection of patients in clinical trials and for
the adequate stratification of the population of interest for ran-
domization. Overall survival (OS) in patients with hepatocellular
carcinoma (HCC) is generally predicted using one of the four clas-
sical staging systems developed over the last two decades. The
Okuda classification system was the first to consider both tumour
factors and liver function [1] and the other scores, namely: the
Cancer of the Liver Italian Program (CLIP) score [2–4], the Barce-
lona Clinic Liver Cancer (BCLC) system [5], and the Groupe
d’Etudes et de Traitement du Carcinome Hépatocellulaire
(GRETCH) classification [6] were developed thereafter. While
BCLC is used successfully in clinical practice to help select the
most appropriate treatment option – ranging from transplanta-
tion to palliative care – no consensus has been reached concern-
ing the best tool to be used when considering patients in the
palliative setting. This setting nevertheless represents about
70% of all HCC patients and is the main target for clinical trials.
Previous studies comparing these classifications have reported
controversial results [7–9]. Several explanations can be proposed.
It is widely accepted that the prognosis of HCC patients depends
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on tumour factors and liver function. The presence and the causes
of cirrhosis lead to a wide heterogeneity in the disease and in the
population on which the prognostic classifications are applied.
Moreover, the statistical analyses used to evaluate score perfor-
mance were not always appropriate. In particular, only an associ-
ation between variables and OS was analysed statistically by
‘information criterion’ or ‘measure of gradient’, which is neces-
sary but not sufficient to make a good prognostic variable [10].
Specific measures of discrimination ability are required. As sug-
gested by Wildi et al., it may also be useful to establish a different
staging system for patients undergoing palliative care [9] and to
evaluate this system by appropriate measures.

Collette et al. recently investigated the value of prognostic
classifications applied to patients in the palliative setting, mainly
with HCC on alcoholic cirrhosis [11]. Using statistical measures
specifically dedicated to the evaluation of prognostic models,
they studied the performance of the Okuda, CLIP, and BCLC
scores. Based on a pooled analysis of 2 randomized clinical trials
[12,13], they demonstrated that the CLIP score had the best pre-
dictive value when applied to patients in the palliative setting.
They noted that the performance of the CLIP could be improved
by the addition of the WHO performance status criteria (WHO
PS). They also found that the overall performance of the investi-
gated prognostic classifications remained low in this setting.
Based on these results, this study aimed to: (i) develop a new
prognostic score of HCC for patients in the palliative setting (ii)
explore the performance of the CLIP plus the WHO PS score,
and (iii) validate these findings on independent data.
Material and methods

Patients

The population of interest consisted of patients non-amenable to curative treat-
ments, that is, surgical resection, liver transplantation, percutaneous ablation,
or transarterial chemoembolization. The prognostic score was developed on a
first set of patients with HCC in palliative settings from a multicentre randomized
clinical trial conducted in France by the Fédération Francophone de Cancérologie
Digestive (FFCD). The trial comparing tamoxifen to supportive care failed to dem-
onstrate any benefit on OS [13]. The main eligibility criterion was HCC not suit-
able for curative treatments. Exclusion criteria were: serum creatinine greater
than 130 lmol/L, Child-Pugh class C, WHO performance status greater than 2,
and prior treatment with tamoxifen.

Score validation was performed on a second set of palliative care patients
from another negative randomized clinical trial (the CHOC trial) [12]. The CHOC
trial compared octreotide-retard versus placebo. Patients had to have a diagnosis
of HCC that was either histologically or cytogenetically confirmed. They were also
selected based on the following three criteria: (i) presence of cirrhosis and a
tumour with a measurable mass at least 3 cm in diameter; (ii) presenting clinical
features consistent with the diagnosis of HCC as determined by two contrast-
enhanced imaging techniques (ultrasonography and/or computed-tomography
scan and/or MRI); and (iii) serum alpha-foetoprotein (AFP) P500 lg/L. In addi-
tion, patients were required to be ineligible for curative treatments (transplanta-
tion, surgery, percutaneous ablation, or chemoembolization), or had relapsed
following potentially curative therapy; with a CLIP score of 0–3 and measurable
disease. Main exclusion criteria were: presence of hyperglycaemia (P2.5 g/L) or
hypoglycaemia; decreased prothrombin time (<50%); and low platelet count
(<50,000/ll). All patients in the two trials gave their written consent.

The model was developed with all collected candidate baseline predictors of
OS. It included (i) demographic characteristics such as gender and age at diagno-
sis; (ii) tumour characteristics such as presence of cirrhosis and its origin (alco-
holic or viral), Child-Pugh stage, number and size of tumours according to the
Milan criteria [14], search for vascular extension (portal vein obstruction investi-
gated by ultrasonography), and metastasis (investigated by chest CT scan and
bone scan); (iii) clinical variables including WHO-PS, oedema, encephalopathy,
and jaundice and ascites (defined clinically); and (iv) laboratory variables includ-
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ing alpha-foetoprotein (AFP), prothrombin activity, serum bilirubin, albumin, and
alkaline phosphatase. Hepatomegaly was recorded but not tested due to the lack
of standardisation of this measurement. Missing data were imputed to the med-
ian for continuous variables and to the empirical estimate for categorical vari-
ables. As first analysis, continuous variables were dichotomized. The cut-off
levels were based on the published literature for AFP [15] and at the lower/upper
limits of normal values for prothrombin, bilirubin, albumin, and alkaline
phosphatase.

Statistical analysis

OS was defined as the time from the date of randomization to either the date of
death (all causes) or the date of last follow-up. Survival distributions were esti-
mated by the Kaplan–Meier method.

Variables associated with univariate Log-rank p-value less than 10% were
selected for multivariate analysis. When variables were highly statistically corre-
lated (Pearson’s correlation coefficient >0.60), only the most relevant variable – as
judged by the principal investigator – was retained for the multivariate model.
Backward selection was performed with a Cox proportional hazards model to
identify independent baseline predictors at the 5% level. Proportional hazards
assumption was graphically assessed. The prognostic value for a given patient
was the combination of the different variables weighted with the regression coef-
ficients included in the multivariate analysis. In order to establish a practical and
an easy-to-compute score, the said score was calibrated so that each variable con-
tributed 1 or 2 units. The score was then calculated for each patient by adding the
points corresponding to each prognostic factor. Three risk groups were deter-
mined by dividing the score range into 3 equal intervals: low risk, intermediate
risk, and high risk of death. A sensitivity analysis was also performed to evaluate
how much discriminatory power was lost due to dichotomization and simplifica-
tion. Continuous variables were then modelled using fractional polynomials and
the equation score was not simplified. This score equation is provided as supple-
mentary material.

The CLIP score, modified to account for PS, was investigated. Based on multi-
variate regression adjusted for the CLIP, we estimated the added contribution of
the PS. The CLIP score then varied as follows: unchanged for patients with PS 0, +1
point for patients with PS 1, and +2 points for patients with PS 2 or 3.

The validity of this new classification and of the CLIP + PS was then assessed
on the second set of patients referred to as the independent validation cohort. No
re-estimation was performed. The predictive accuracy of the new scoring system
was examined and compared to the classical scoring system by calculating (ii) the
explained variation measure proposed by Schemper that quantifies how much
variability is captured by the score [16] bearing in mind that perfect scores tend
to explain 100% of the variability, (iii) Royston’s D statistic [17] and, (iv) Harrell’s
C discrimination index extended for survival data [18] that measure the ability of
the score to distinguish the various groups. D-statistics may be interpreted as the
separation (log hazard ratio) between the survival distributions for two indepen-
dent prognostic groups and C-statistics can be considered to be a proportion of
correct predictions, i.e. the proportion of patients with a better prognostic stage
who have a better survival. C-index typically ranges between 0.5 (random classi-
fication) and 1 (perfect classification).

SAS v9.1 software was used for all analysis except for calculation of C-statis-
tics which was performed with R software.
Results

Baseline patient characteristics

Baseline patient characteristics in the 2 sets are summarized in
Table 1. More information has been presented in previous reports
[12,13]. A total of 416 patients were included in the training set.
Three hundred and eighty-nine patients died and the median OS
was 4.4 months (95% confidence interval 95% CI 3.8–5.0) (Supple-
mentary Fig. 1) with a median follow-up of 48 months. Three
hundred and seventy-two patients (89%) were male and the med-
ian age was 67 ± 8. An alcoholic aetiology was observed in 318 of
the 376 patients with cirrhosis (85%). However, most patients
were classified as Child-Pugh class A (52%). Only 39 (9%) patients
presented a small HCC as defined by 2 or 3 nodes smaller than
3 cm or one node 65 cm (Milan criteria), 164 (39%) presented
1 vol. 54 j 108–114 109



Table 1. Baseline characteristics of the 687 patients included in the training
and validation sets.

a With small HCC defined according to Milan criteria: Single <5 cm or 3 tumours <3 cm.
b Ultrasonography.
c Twice the upper limit of normal.
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portal vein obstruction, and 68 (16%) presented chest and/or
bone metastasis. Performance status was good, as 68% of patients
were class 0 or 1.

According to classical prognostic scores, patients were mostly
classified in the intermediate classes: 58% were Okuda II, 55%
were CLIP 2 or 3, 79% were BCLC class C, and 62% were GRETCH
class B. Similar baseline characteristics were observed in the val-
idation set [13]. A total of 271 patients were included and 251
patients died. As presented in Fig. 1, patients had a slightly longer
OS (median 6.8 months 95% CI 5.9–7.9). The median follow-up
was 34 months.

Score development

Results from univariate analysis are presented in Table 2. All
tested baseline variables were related to OS with a p value less
than 10%. Due to the correlation between ascites and serum albu-
min and between jaundice and serum bilirubin, only clinical vari-
ables (ascites and jaundice) were tested in multivariate analysis.

The final model contained tumour morphology, portal vein
obstruction, metastasis, WHO PS score, ascites, jaundice, AFP,
and serum alkaline phosphatase (more than twice the upper limit
of normal) (Table 3).

The calculated scores are presented in Table 4. The new score
ranges from 0 to 10. A low-risk group (0–3 points), an intermedi-
ate-risk group (4–6 points), and a high-risk group (7–10 points)
were defined (Table 5, Fig. 1). Thirty-five percent (35%) of
patients were classified in the low-risk group, 49% in the interme-
diate-risk group, and 16% in the high-risk group. Each group had
a statistically different prognosis (log rank for trend p <10�4).
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Fig. 1. Kaplan–Meier survival curves. (A) Training cohort. (B) Validation cohort
according to the new prognostic score.
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Table 2. Univariate prognostic analyses on the training set.

a With small HCC defined according to Milan criteria: Single <5 cm or 3
tumours <3 cm.

b Ultrasonography (US).
c Twice the upper limit of normal.
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Compared to the low-risk category, the intermediate and the
high-risk categories were associated with HR = 2.13 (95% CI
1.7–2.68) and HR = 5.72 (95% CI 4.16–7.86), respectively.

Validation

The distribution of the population between the three defined
groups with the new score was similar for the validation cohort:
Table 3. Multivariate Cox proportional-hazards analysis of the training set and assig

a Twice the upper limit of normal.
� Assignment of points to risk factors was based on a linear transformation of the corre

lowest value and rounded to the nearest integer.
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41% were classified in the low-risk group, 51% in the intermedi-
ate-risk group, and 8% in the high-risk group. The estimated
HRs were also similar between the two sets: intermediate-risk
group compared to low-risk group was associated with
HR = 2.29 (95% CI 1.75–3.02) in the validation set and the HR of
the high-risk group compared to low-risk group was equal to
4.90 (95% CI 3.01–7.98) in the validation set (Table 5).

The new prognostic score and the CLIP + PS provided a better
predictive accuracy, as they explained between 10.8% and 11.9%
of the variability corresponding to a 17% increase compared
to the CLIP score (Table 6). They also presented the highest
separability index (D-statistic = 1.01 and 0.86, respectively) and
C-statistics. This discriminatory measure was similar for the
new score and CLIP (0.63 ± 0.034 and 0.63 ± 0.036, respectively)
and not significantly superior to CLIP + PS (0.66 ± 0.036). The
similar good relative performances of the CLIP + PS and the new
score were confirmed in the validation set. However, the overall
absolute performances of all these scores were low. As a sensitivity
analysis, the concordance index of a more complete (and less
easy-to-use) equation score without dichotomization was 0.65
(95% CI 0.61–0.69), which was not significantly different from
0.63.
Discussion

In this study, we have investigated the prognostic value of the
CLIP + WHO PS and we have developed and validated on two
independent samples a score specifically designed for the 70%
of HCC patients non-eligible for curative treatments. Eight vari-
ables were selected to define the new prognostic score: number
and size of tumours Milan criteria), presence of US portal vein
obstruction and metastasis, three clinical variables (PS score,
presence of ascites and jaundice), and two laboratory variables
(AFP and alkaline phosphatase).

Three risk groups were derived with increasing estimated risk
of death. The quality of this score was investigated in terms of its
association with OS, its discriminatory performance, and its pre-
dictive accuracy. This score showed a better performance than
nment of points.

sponding regression coefficient. The coefficient of each variable was divided by the
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Table 4. New scoring system.

a Twice the upper limit of normal.
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previous tools on both the training and the validation sets. Previ-
ous results [11] that had demonstrated that the CLIP performed
well in this setting were also validated; moreover, the addition
of the WHO performance status to the CLIP was shown to signif-
icantly improve the precision for the prognosis of OS. Both com-
binations of variables led to similar discriminatory performances.

Previous scores were developed on broader therapeutic situa-
tions ranging from transplantation to palliative care. The CLIP and
BCLC, the two scores most commonly used, have been validated
Table 5. Hazard ratio of the risk of death in the training and validation sets accordin

Table 6. Comparison of prognostic scores on the training and validation set.

Bold figures correspond to the best values.
AIC, Akaike Information Criterion.
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as practical tools to support decision-making [7,19]. Our findings
suggest that patients in the palliative setting with BCLC stage C or
CLIP score 0–3 have a fairly heterogeneous prognosis. Clinical tri-
als in this latter group could benefit from refinements in the
stratification of included patients. This would improve control
of heterogeneity in the trial and would allow for better-orienting
of patients to trials in specific clinical phases. Three components
appear to be essential in the evaluation of the prognosis of these
patients: tumour characteristics, underlying liver disease, and
general performance status. Adding PS to the CLIP or measure-
ment of extrahepatic tumour extension for BCLC [11] improves
the performance of these scores in the palliative setting.

This setting was defined in a rather pragmatic way: all
patients who were not eligible for a curative treatment (for
instance, surgery or chemo-embolization) were considered in
the palliative setting. This definition is not uncommon in clinical
trials [20], and is largely used in the current practice in several
countries as stated by different recommendations [21,22]. This
population essentially corresponds to the BCLC stages C and D
that represented 90% of our population. In the trial used for exter-
nal validation, some additional exclusion criteria (hyperglyca-
emia or low platelet count) related to the treatment under
study (octreotide) applied. As these two criteria are not a part
of any definition of the palliative setting in HCC and are not
known to be prognostic factors, it was assumed that they would
not bias our conclusions and limit their applicability.

An important issue is that the scores have been constructed,
compared, and validated on patients recruited at the pre-molecular
targeted agents (MTA) era. In most developed countries, these
patients would receive Sorafenib. However, to our knowledge,
g to risk category.
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the Sorafenib has not been shown to have a differential effect in
subpopulations defined by the variables included in our scores.
No interaction between the variables investigated in our prog-
nostic scores and the Sorafenib treatment have been reported.
Moreover, Sorafenib will modify the prognosis of the patients
but cannot be considered as a curative treatment. Therefore,
our proposed score and the CLIP + PS should be applicable in a
Sorafenib-treated population.

The use of patients derived from randomized clinical trials to
assess the prognostic classification ensured good quality data
with few missing data and adequate follow-up. As the two trials
failed to demonstrate any benefit of experimental treatment
[12,13], the influence of treatment should be limited when con-
sidering the prognostic value of the variables investigated.
Patient samples in clinical trials are often more homogeneous
due to inclusion criteria that exclude patients with poor general
prognosis and patients with less aggressive disease (to be eligible
to chemoembolization). The prognostic variability and represen-
tativity of the results can therefore be considered to be more lim-
ited. Nevertheless, the inclusion criteria in these trials were fairly
broad and probably relatively representative of the typical palli-
ative HCC population eligible for clinical trials. In addition, sev-
eral protocol violation led to include patients with more
advanced disease such as 20 patients categorized Child-Pugh C
after review of the baseline characteristics. Likewise, the percent-
age of patients with an alcoholic aetiology was high (70%) corre-
sponding to the usual percentage reported in France [23].

The present prognostic score was based on the most recent
progress in HCC clinical practice, using refined cut-off values to
define pathological values for serum bilirubin, AFP [15], prothrom-
bin, and serum albumin, from those used in the CLIP or BCLC. Our
results and conclusions were also supported by stringent statisti-
cal analysis of the required prognostic properties, based on perfor-
mance measures that are designed to evaluate the discriminatory
and predictive ability of the score. The p-values and information
criteria (AIC) are the most commonly reported measures of prog-
nostic accuracy, and although they are useful to construct scores,
they are influenced by the sample size, the number of variables
included in the model, and the model construction methods, mak-
ing them inappropriate as the unique measure of prognostic per-
formance [10]. Moreover, validation of results and construction
of a new score must be based on at least two independent samples:
the first sample is used to construct and calibrate the new pro-
posed score and the second sample is used for validation. As a
result of this methodology, the results for the proposed score
should not be too excessively subject to a risk of overfitting and
the associated overestimation of performances.

A potential limitation of this study concerns the high preva-
lence of alcoholic cirrhosis in the study population (70%). This
prevalence varies considerably from one country to another and
even across large countries where major differences are observed
between urban and rural areas or according to ethnicity [24,25].
Previous publications in a population of patients wherein 30%
have hepatitis cirrhosis (HBV or HCV only) tend to indicate that
the aetiology of cirrhosis should not have a major impact on
the prognosis of patients [26]. We did not find that aetiology
was an important prognostic factor in the two trials considered
for this study, although the impact of aetiology has not been
clearly elucidated.

Our results also emphasize the poor ‘‘absolute” performance of
all prognostic criteria. A Harrell C less than 0.66 indicates a result
Journal of Hepatology 201
that is slightly better than a simple random classification
(c = 0.5). None of the proposed scores can successfully explain
the variability of time to death. Even though our statistical model-
ling choices (variables selection, continuous variables dichotomi-
zation, type of model) may have contributed to the prognostic
qualities of the new proposed score, this degradation is probably
weak. As shown by the supplementary analysis investigating a
more refined equation score, extra complexity entailed only a very
modest improvement. This suggests that major variables influenc-
ing the prognosis of HCC have not yet been identified. Other candi-
date variables should be investigated to more accurately predict
OS. Quality of life has been identified as an important prognostic
factor in this setting and could be proposed as an informative var-
iable for the prognosis of these patients [26,27].

Although the individual OS cannot be accurately predicted, we
suggest using the proposed score or the CLIP + WHO PS in clinical
trials investigating HCC in palliative settings. They include simple
clinical and laboratory variables that are used in practice. New
prognostic variables, more specific of the stage of disease and
treatment modalities, are necessary to allow better selection of
HCC patients for clinical trials in the non curative setting.
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