Prospective Validation of the CLIP Score: A New Prognostic
System for Patients With Cirrhosis and Hepatocellular Carcinoma

THE CANCER OF THE LIVER ITALIAN PROGRAM (CLIP) INVESTIGATORS*

Prognosis of patients with cirrhosis and hepatocellular
carcinoma (HCC) depends on both residual liver function
and tumor extension. The CLIP score includes Child-Pugh
stage, tumor morphology and extension, serum alfa-
fetoprotein (AFP) levels, and portal vein thrombosis. We
externally validated the CLIP score and compared its
discriminatory ability and predictive power with that of the
Okuda staging system in 196 patients with cirrhosis and
HCC prospectively enrolled in a randomized trial. No
significant associations were found between the CLIP score
and the age, sex, and pattern of viral infection. There was a
strong correlation between the CLIP score and the Okuda
stage. As of June 1999, 150 patients (76.5%) had died.
Median survival time was 11 months, overall, and it was 36,
22,9, 7,and 3 months for CLIP categories 0, 1, 2, 3, and 4 to
6, respectively. In multivariate analysis, the CLIP score had
additional explanatory power above that of the Okuda
stage. This was true for both patients treated with locore-
gional therapy or not. A quantitative estimation of 2-year
survival predictive power showed that the CLIP score
explained 37% of survival variability, compared with 21%
explained by Okuda stage. In conclusion, the CLIP score,
compared with the Okuda staging system, gives more
accurate prognostic information, is statistically more effi-
cient, and has a greater survival predictive power. It could
be useful in treatment planning by improving baseline
prognostic evaluation of patients with HCC, and could be
used in prospective therapeutic trials as a stratification
variable, reducing the variability of results owing to patient
selection. (HEPATOLOGY 2000;31:840-845.)

The prognostic assessment of patients with cirrhosis and
hepatocellular carcinoma (HCC) usually takes into account
liver function alone, tumor extension alone, or both.! The
Child-Pugh staging classification! is the most widely used to
estimate the degree of liver damage in patients with cirrhosis;
it can also be applied when patients develop HCC, but it does
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not account for tumor characteristics. The tumor node
metastasis (TNM) staging? is not widely used in clinical
practice because the diagnostic work-up required to reliably
ascertain the nodal and, particularly, the metastasis categories
is usually performed only in patients who are candidates for
surgical procedures (resection or transplantation) or in
symptomatic patients (e.g., with bone pain) because of the
low incidence of distant metastases. The Okuda staging
system? is the most diffuse system for staging and predicting
the prognosis of patients with cirrhosis and HCC, accounting
for both liver function and tumor extension. Until new
prognostic systems are correctly validated, it should be
regarded as the most standardized way of assessing the
prognosis of patients with HCC. Recently, a new prognostic
score was proposed by the Cancer of the Liver Italian
Program (CLIP) group.* The CLIP score was derived from a
retrospective evaluation of 435 Italian patients with HCC
diagnosed from 1990 to 1992. It is easily computed and
includes Child-Pugh stage, tumor morphology and exten-
sion, presence of portal vein thrombosis, and serum level of
alfa-fetoprotein (AFP) (Table 1). The CLIP score was success-
ful in discriminating patients with HCC: the higher the score,
indeed, the poorer the prognosis. The CLIP score, calculated
at the time of HCC diagnosis, can be used to inform the
patient properly and to decide the treatment strategy. How-
ever, as in most prognostic studies, we could not exclude two
potential biases: first, an overoptimistic discriminatory ability
because of over-fitting, although an internal cross-validation
was applied, and, second, a selection bias inherent to the
retrospective data used for devising the score. The aim of this
article is to validate the CLIP score in an independent group of
patients prospectively enrolled between 1995 and 1997 in the
CLIP-01 multicenter randomized clinical trial of tamoxifen therapy
for HCC,’> and to compare it with the Okuda staging system.

PATIENTS AND METHODS

Patient Selection. Details of the CLIP-01 randomized trial are
outlined elsewhere.? Patients with HCC were randomly assigned to
the tamoxifen arm (40 mg/d) or no therapy. Broad inclusion criteria
were used so that all patients with HCC diagnosed less than 2 years
before randomization and with a life expectancy longer than 3
months were eligible. In both arms of the study, local treatment and
supportive care could be decided according to the guidelines of
participating institutions. Tamoxifen was found to be ineffective in
prolonging overall survival rates.

Among those randomized in the CLIP-O1 trial, 196 patients
whose HCC had been diagnosed less than 1 month before random-
ization and who had an underlying liver cirrhosis were eligible for
the present analysis.

Statistical Analysis. Because one of the eligibility criteria of the
CLIP-01 trial was a life expectancy longer than 3 months, the CLIP
score categories 4 to 6 were grouped for statistical analysis. A x? test
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TaBLE 1. CLIP Scoring System

Variable Score

Child-Pugh stage

A 0

B 1

C 2
Tumor morphology

Uninodular and extension =50% 0

Multinodular and extension =50% 1

Massive or extension >50% 2
AFP

<400 0

=400 1
Portal vein thrombosis

No 0

Yes 1

was applied to test the association between the CLIP score and other
variables. Survival was defined as the time elapsed from the date of
diagnosis and either the date of death or the date of last follow-up
information, as available by the end of June 1999. Patients lost
before the last collection of follow-up information were censored at
the time of their last visit. Univariate survival curves were estimated
using the Kaplan-Meier method® and compared by using the
Mantel-Haenszel test.”

A formal statistical comparison of CLIP score and Okuda stage
was performed by using a Cox proportional hazard regression
model® stratified by locoregional therapy, as we did before.* Indepen-
dent contribution of the two prognostic indices was tested by a
likelihood ratio (LR) test comparing the full model (with both
indices) with the two models with each index alone as a covariate.
Akaike information criterion (AIC) was also calculated to find the
best model.® AIC penalizes for the number of parameters of the
model; as a consequence, the best model (i.e., the most statistically
efficient) is the one with the minimum AIC. We also performed
separate analyses for subgroups of locally-treated or untreated
patients.

Predictive power of the CLIP score and the Okuda stage on
survival was assessed by means of squared error loss function with
censoring at 24 months as a measure of explained variation.!° This
value measures the proportional reduction of variance owing to the
spread of survival curves predicted for subgroups defined by the
score categories over the unconditional predicted survival (i.e.,
the expected survival of the whole group). It is affected both by
the discriminatory power of the score and the heterogeneity of
survival within each subgroup; the higher the value of the explained
variation the greater the predictive power of the score. Kaplan-Meier

TABLE 2. Characteristics of Patients

Median age, yr (range) 67 (44-84)
Men, no. (%) 141 (71.9)
Cause of liver cirrhosis (missing = 13), no. (%)

Viral 179 (97.8)
Hepatitis B virus 18 (10.0)
Hepatitis C virus 153 (85.5)
Hepatitis B + C virus 8 (4.5)

Alcoholic 3(1.6)

Other 1(0.5)

Mean (SD) serum bilirubin, mg/dL 23 (3.5)
Mean (SD) serum albumin, g/dL 3.5(0.6)
Mean (SD) prothrombin activity 72% (17)
Child-Pugh stage, no. (%)

A 90 (45.9)

B 73 (37.2)

C 33 (16.8)
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curves were used to model the predicted survivals of the different
score categories. As a reference, the percentage of explained varia-
tion was also calculated for Child-Pugh stage, which takes into
account liver function alone.

RESULTS

Patients had a median age of 67 years (range 44 to 84) and
were predominantly men (Table 2). Cirrhosis was of viral
origin in almost all the patients (97.8%). Antibodies against
hepatitis C virus were present in 90% of patients with viral
cause. Most patients (45.9%) were in the Child-Pugh A
category, whereas Child-Pugh stage C was least represented.
HCC diagnosis was confirmed with a cytological or histologi-
cal examination in 80.1% of the patients (Table 3). Nearly one
half of the tumors were uninodular. Okuda stage II category
was the most frequent (47.4%). One fifth of the patients had
tumors not secreting AFP. Portal vein thrombosis, either
partial or complete, was detected in 21.4% of patients. More

TaBLE 3. Characteristics of the Tumor

No. (%)
Type of diagnosis
Cyto/histological 157 (80.1)
Imaging + AFP >400 35(17.9)
Imaging only 4(2.0)
Tumor morphology
Uninodular 89 (45.6)
Multinodular 80 (41.0)
Massive 26 (13.3)
Okuda stage
1 84 (42.9)
11 93 (47.4)
111 19 (9.7)
AFP category
=10 ng/dL 41 (20.9)
11 to 400 ng/dL 76 (38.8)
>400 ng/dL 79 (41.3)
Portal vein thrombosis
Absent 154 (78.6)
Partial 27 (13.8)
Complete 15 (7.6)
Involved liver volume
=50% 154 (78.6)
>50% 42 (21.4)
Locoregional treatment
None 110 (56.1)
Orthotopic liver transplantation 5(2.6)
Surgical resection 10 (5.1)
PEI 50 (25.5)
TACE 16 (8.2)
Surgery + PEI 2(1.0)
PEI + TACE 3(1.5)
Systemic treatment
Tamoxifen 95 (48.5)
No therapy 101 (51.5)
CLIP score
0 38 (19.4)
1 46 (23.5)
2 40 (20.4)
3 26 (13.3)
4 25 (12.8)
5 18 (9.2)
6 3(1.5)

Abbreviations: PEI, percutaneous ethanol injection; TACE, transartherial
chemoembolization.
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TABLE 4. Patient Characteristics According to CLIP Score

CLIP Score
0 (%) 1 (%) 2 (%) 3 (%) 410 6 (%) P Value
Age 27
=67 21 (55.3) 24 (52.2) 14 (35.0) 10 (40.0) 25 (54.3)
>67 17 (44.7) 22 (47.8) 26 (65.0) 15 (60.0) 21 (45.7)
Sex 43
Men 27 (71.1) 29 (63.0) 28 (70.0) 20 (76.9) 37 (80.4)
Women 11 (28.9) 17 (37.0) 12 (30.0) 6(23.1) 9 (19.6)
Viral cause 36
B 3 (8.6) 5(12.5) 2(5.3) 5(19.2) 3(7.5)
C 30 (85.7) 32 (80.0) 36 (94.7) 21 (80.8) 34 (85.0)
B+ C 2(5.7) 3(7.5) — — 3(7.5)
Okuda stage <.0001
1 28 (73.7) 32 (69.6) 15 (37.5) 3 (11.5) 6 (13.0)
11 10 (26.3) 13 (28.3) 24 (60.0) 22 (84.6) 24 (52.2)
111 — 122 1(25) 1(3.8) 16 (34.8)
Locoregional treatment <.0001
None 7 (18.4) 15 (32.6) 23 (57.5) 23 (88.5) 42 (91.3)
OLT 1(2.6) 4 (8.7) — — —
Surgery 5(13.2) 2(43) 3(7.5) — —
PEI 20 (52.6) 19 (41.3) 9(22.5) 2(7.7) —
TACE 2(5.3) 6 (13.0) 3(7.5) 1(3.8) 4(8.7)
Surgery + PEI 1(2.6) — 1(2.5) — —
PEI + TACE 2(5.3) — 1(2.5) — —

Abbreviations: OLT, orthotopic liver transplantation; PEI, percutaneous ethanol injection; TACE, transartherial chemoembolization.

than half of the liver volume was involved by the tumor in
21.4% of patients. More than half of the patients did not
receive any locoregional treatment. Patients were distributed
among CLIP score categories with fewer patients falling in the
categories with worse prognosis (higher scores), as a conse-
quence of the eligibility criterion of a life expectancy longer
than 3 months in the CLIP-01 trial.

There was no significant association between the CLIP score
and age or sex of patients or pattern of viral infection. As
expected, there was a strong correlation between the CLIP
score and Okuda stage. However, all the Okuda categories
were represented within each CLIP score category, with the
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exception of Okuda stage III in the CLIP score O category.
Most patients within the worse CLIP categories did not
receive any treatment, whereas those with lower CLIP scores
usually received some kind of locoregional treatment (Ta-
ble 4).

As of June 1999, 150 patients (76.5%) had died. Overall
median survival time was 11 months (95% confidence
interval, 8 to 15 months); 1-, 2-, and 3-year survival rates
were 48%, 28%, and 20%, respectively. Both the CLIP score
and the Okuda stage clearly differentiated (P < .0001 for
both) patients with different survival experiences (Fig. 1).
However, the CLIP score did better in discriminating pa-
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tients, mainly by identifying a subgroup of patients with a life
expectancy clearly longer than that estimated by Okuda stage
I (Table 5).

Independent contributions of CLIP score and Okuda stage
were investigated by means of an LR test within a Cox
proportional hazard regression model. As shown in Table 6,
removal of the CLIP score from a model containing both
Okuda stage and CLIP score did significantly reduce the
goodness of fit of the model, whereas removal of the Okuda
stage was not significant. This was true both for the whole
group of patients and for subgroups of locally-treated or
untreated patients. As it could be expected that the CLIP
score worked better than Okuda staging just because of the
higher number of categories, we calculated the AIC values
that penalize for the number of parameters of the model. AIC
values were always higher (worse) when removing the CLIP
score, though being only marginally affected by removal of
the Okuda stage, indicating the higher statistical efficiency of
the CLIP score system.

Finally, we evaluated the predictive power of the CLIP
score and Okuda stage on survival by measuring the percent-
age of explained variation at a censoring time of 24 months.
Values of explained variation were 37% for the CLIP score
and 20.5% for the Okuda stage. As a reference, the Child-
Pugh stage accounted for 21.2% of explained variation.

DISCUSSION

In a previous article, we proposed the CLIP score as a new
prognostic system for patients with HCC.* In this article, we
externally validated the CLIP score in 196 patients with HCC
enrolled in an independent, randomized clinical trial of the
same collaborative group.” We confirmed the greater predic-
tive efficacy of the CLIP score compared with the Okuda
staging system, which is the most diffuse system accounting
for both liver function and tumor extension. In addition, we
showed that only the CLIP score gave a statistically signifi-
cant contribution to the goodness of fit of a multivariate
prognostic model including both the CLIP and the Okuda
stage. The CLIP score had additional explanatory power
above that of the Okuda staging system. Finally, the amount
of survival variability explained by the distribution of the
patients across the CLIP score categories is 1.8 times higher
than that explained by the Okuda stage, which, incidentally,
does not work better than the Child-Pugh stage classification
system.

Although the usefulness of the CLIP score has been

TABLE 5. Patient Survival by CLIP Score and Okuda Stage

Median
No. (%) of Survival Interquartile 1-Year 2-Year
Deaths (mo) Range Survival Survival
CLIP score
0 18 (47.4) 35.7 16.8* 84% 65%
1 27 (58.7) 22.1 10.8* 66% 45%
2 35 (87.5) 8.5 3.5-20.1 45% 17%
3 24 (92.3) 6.9 4.6-18.0 36% 12%
4to6 46 (100) 3.2 2.7-6.7 9% 0%
Okuda stage
1 48 (57.1) 23.4 9.9% 68% 48%
11 84 (90.3) 6.7 3.1-17.1 36% 13%
111 18 (94.7) 29 2.2-6.9 21% 10%

*Upper quartile not measurable.
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TABLE 6. Evaluation of the Independent Contribution of CLIP Score and
Okuda Stage to Cox Proportional Hazard Model

Log- LR P
Model Likelihood Test Value* AIC
All patients
(n = 196)
CLIP + Okuda —559.8224 — — 1,131.6448
Removing Okuda —562.1455 4.6 .10 1,132.2910
Removing CLIP —578.3497 37.0 <.0001 1,160.6994
Patients receiving a
locoregional
treatment
(n = 86)
CLIP + Okuda —196.4275 — — 404.8550
Removing Okuda —197.7546 2.6 .26 403.5092
Removing CLIP —202.6612 12,5 .01 409.3224
Patients not receiving
a locoregional
treatment
(n=110)
CLIP + Okuda —362.3688 — — 736.7376
Removing Okuda —364.0023 33 .19 736.0046
Removing CLIP —375.1325 25.5 <.0001 754.2650

*P values indicate the statistical significance of the decrease of the
goodness of fit of the model.

confirmed by the present analysis, some discrepancies in
survival data compared with those reported in our previous
retrospective study* were found in the whole series of
patients as well as in each category of both CLIP score and
Okuda stage. These discrepancies may be explained by three
concurrent mechanisms. In the whole group of patients,
overall survival is shorter than in the previous study,* possibly
because of selection of patients with more favorable progno-
sis and model over-fitting in the retrospective data set. In the
CLIP score 0 and, though to a lesser extent, in the Okuda
stage I categories, survival may be slightly underestimated
because of a still short follow-up time. The distribution of
censoring and event times in the CLIP score 0 subgroup (data
not shown), indeed, suggests that the median survival time
actually estimated at 35.7 months, could still be prolonged
with further follow-up time. Finally, in the worse prognostic
categories (CLIP score 3 and 4 to 6 and Okuda stage III),
survival is longer than that reported in the previous study.
This is explained by the selection of patients with a life
expectancy of at least 3 months to be eligible for the CLIP-01
trial. Another discrepancy is represented by the very similar
behavior of survival curves for CLIP score 2 and 3 categories.
Although this could be partially explained by the earlier-
discussed mechanisms of patient selection for the random-
ized trial, we cannot rule out that groups 2 and 3 should
actually be considered together.

In clinical practice, the CLIP score is an easy and useful
prognostic tool to assist physicians during the therapeutic
decision-making process when a new diagnosis of HCC is
made. It may help physicians decide the more appropriate
management, both by reducing over-treatment of patients
with very short life expectancy and by selecting those patients
that could benefit from more intensive and hopefully effective
treatment strategies. In addition, the CLIP score may be
largely effective in stratifying patients in therapeutic trials,
reducing the overly optimistic results owing to patient
selection, on one side, and the large heterogeneity among
studies, on the other side. Only a few randomized studies,
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indeed, have been performed in the field of HCC therapies and the
choice of the locoregional treatment often depends on subjective
opinions or resource availability. Therefore, the prognostic studies
on subgroups of patients treated with different therapeutic strate-
gies frequently produce inconsistent or even contrasting results,
which increase confusion and do not help the medical practice.

Recently, two articles dealing with the prognosis of patients
with HCC have been published. In the first,'! a 3-category
classification system is provided, starting with 5 variables
correlated with survival: performance status (subjectively
stated by physicians), serum bilirubin, alkaline phosphatase,
AFP, and portal vein thrombosis. The investigators used a
correct cross-validation approach for internal validity and
adjusted for local treatments in the model. When compared
with the Okuda score, the new score identifies a subgroup of
patients with a lower risk of death than those in the Okuda
stage I, similar to the CLIP score. However, no quantitative
assessment of the relative predictive ability is performed;
thus, a further quantitative assessment of reliability is needed.
The second article'? combines the results of a number of
previously published articles of the Barcelona Clinic Liver
Cancer group. From these data, the investigators derive a
staging classification that, contrary to the CLIP score, is based
on the possibility of radical interventions. Therefore, rather
than a prognostic model, their system is the explication of the
treatment-decision algorithm they use in their clinic.

The CLIP score does not include any biological features.
Recently, the number of biological variables (e.g., p73, p53,
interleukin-2 receptor, intercellular adhesion molecule 1) for
which a prognostic importance in HCC has been claimed or
proposed is rapidly increasing.!>!8 It will be of interest to
investigate whether such variables add anything to the
predictive value of the CLIP score.

In conclusion, the CLIP score seems the best available
prognostic system for patients with HCC. Compared with the
Okuda staging system, it gives more precise prognostic informa-
tion, is statistically more efficient, and has a greater predictive
power on survival. Thus, it seems reasonable to claim it can
improve the baseline prognostic evaluation of patients with HCC,
which is important for treatment planning in clinical practice. In
addition, it should be incorporated into the design and the
analysis of future therapeutic trials to improve the reliability of
their results.
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