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Background: A simple scoring system is needed to discriminate HCC from patients with chronic liver diseases (CLD). The simplest
score would be one that requires only variables that can be documented simply from routine laboratory tests without the need for
sophisticated tests.

Methods: Data from the estimation group (1351 patients) and the validation group (2208 patients) were retrospectively analysed.
Liver fibrosis-negative control and liver cirrhosis were compared with HCC. Area under ROC curve (AUC) were used to develop
HCC-a-fetoprotein-routine test (HCC-ART).

Results: Hepatocellular carcinoma-AFP-routine test showed diagnostic accuracy for liver cirrhosis vs HCC with ROC curves of
0.99%, sensitivity of 97%, and specificity of 96% in the estimation, and 0.95%, 90%, and 83%, respectively, in the validation.
Sensitivity (97%) and specificity (100%) were obtained to discriminate HCC from liver fibrosis. Area under curve for AFP at 400 U l� 1

was 0.70, sensitivity was 41%, and specificity was 99% in the estimation, and 0.77%, 54%, and 99%, respectively, in the validation.
The AUC for HCC-ART in HCC with single tumour, absent vascular invasion, size o2 cm and CLIP score (0–1) were 0.95, 0.93, 0.86,
0.87, respectively, compared with 0.72, 0.71, 0.71, 0.50, respectively, for AFP.

Conclusion: Hepatocellular carcinoma-AFP-routine test could increase the accuracy of HCC screening and surveillances and could
be used worldwide without extra efforts.

The current diagnosis of HCC is a multistage process that includes
clinical, laboratory, imaging and pathological examinations
(Gonzalez and Keeffe, 2011). The use of AFP as a screening test
for early HCC is doubtful on account of its sensitivity of 39–64%,
specificity of 76–91%, and low positive predictive value of 9–32%
(Lai et al, 2012). Des-g-carboxy prothrombin (DCP) as well as lens
culinaris agglutinin-reactive fraction of AFP (AFP-L3), MAGE-4

protein, and a-fucosidase have been developed with the intent to
detect HCC (Kew, 2012). Imaging has a key role in the diagnosis of
HCC (Manichon et al, 2012). The imaging findings are strongly
influenced by the methods used, the skill of the examiner, and the
quality of the imaging apparatus (Murakami et al, 2001; Choi and
Lee, 2010). The sensitivity and positive predictive value can be as
low as 35% and 15%, respectively, in some cases with cirrhosis
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(Barreiros et al, 2012). Identification of novel serum biomarkers is
an important goal in the diagnosis of cancer, especially for
detection and screening in early-stage cancer. The aim of this study
was to develop and validate the diagnostic accuracy of HCC-ART
score based on age, AFP, aspartate aminotransferase (AST)/alanine
aminotransferase (ALT) ratio (AAR), alkaline phosphatase (ALP),
and albumin (Alb) for HCC detection in comparison with AFP.

MATERIALS AND METHODS

Patients were divided into two groups based on the time of
assessment: the estimation group (n¼ 1351) and the validation
group (n¼ 2208). The estimation population consisted of patients
from the Tropical Medicine Unit (Mansoura University Hospitals,
Mansoura, Egypt). In this retrospective study, all patients with
chronic hepatitis C were tested positive for the presence of anti-
HCV antibodies using ETI-AB-HCVK-3 kit (Sorine Biomedica,
Saluggia, Italy) and HCV-RNA using quantitative polymerase
chain reaction assay (COBAS Ampliprep/COBAS TaqMan; Roche
Diagnostics, Pleasanton, CA, USA). Subjects were divided into two
main groups: group I – the HCC group included 227 cirrhotic
patients with proved HCC (110 males and 117 females). The
diagnosis of HCC in those patients was carried out according to the
American Association for the Study of Liver Diseases (AASLD)
Practice Guidelines (Bruix and Sherman, 2005). The diagnosis of
HCC was based on AFP levels X400 U l� 1, presence of hepatic
focal lesion (s) detected by liver ultrasound (US), and confirmed by
computed tomography (CT) and/or magnetic resonance imaging
(MRI) techniques. The final diagnosis was confirmed by
histopathologic analysis on US-assisted fine-needle biopsy, when
indicated. Hepatocellular carcinoma staging was conducted as
follows: CLIP score, based on four items and with a score ranging
from 0 to 6. These four items included: (I) Child–Pugh stage
(A¼ 0, B¼ 1, and C¼ 2) (Pugh et al, 1973); (II) tumour
morphology (uninodular o50%, 0; multinodular o50%, 1; and
massive or 450%, 2); (III) AFP level (o400 U L� 1, 0;
4400 U L� 1, 1); and (IV) presence of portal vein thrombosis
(no, 0; yes, 1) (CLIP, 2000). Group II – The non-malignant chronic
liver disease (CLD) group included 1124 patients with chronic
hepatitis (836 males, 288 females). Diagnosis of CLD in this group
was based on the standard clinical, biochemical, and ultrasono-
graphic criteria, as well as the pathological data. Metavir scoring
system was used to stage fibrosis (F0–F4) (Poynard et al, 1997).
Fibrosis was scored on a five-point scale: F0, no fibrosis; F1, portal
fibrosis alone; F2, portal fibrosis with rare septae; F3, portal fibrosis
with many septae; and F4, cirrhosis. A questionnaire of several
items was completed for every patient and histological data was
obtained at liver biopsy. Patients with the following conditions
were excluded from the study: presence of other causes of liver
diseases, hepatitis B virus (HBV) infection, or other suspected
malignancies. None of the HCC patients had received transarterial
embolisation or chemotherapy or underwent radiofrequency
ablation or surgical interference.

Validation study. The clinical and pathological classification
adopted for validation study was the same as those used in
patients in the estimation study. All patients and controls signed an
informed written consent after having explained about the aim and
details of the study. The HCC-ART score was applied to a
validation group comprising 2208 patients to confirm the accuracy
and reproducibility in a subsequent different, but related group of
patients. Patients included in the validation study were divided into
two main groups: group I – the HCC group included 537 patients
(417 males, 120 females) from Damietta Oncology Center,
Damietta, Egypt; group II – the non-malignant CLD group
included 1671 patients with chronic hepatitis (1273 men, 398

females) from Tropical Medicine Unit, Faculty of Medicine,
Mansoura University, Mansoura, Egypt. It also included more F4
patients, such as child A (83 patients) and child B (25 patients).
The study protocol was approved by the Institutional Review
Committee and conformed to the ethical guidelines of the 1975
Helsinki Declaration.

Laboratory tests. Fasting blood samples were collected from all
patients and divided into three parts; one part was collected
without an anticoagulant. Sera were separated and tested fresh for
liver function tests. Liver function tests such as Alb, AAR, and ALP
were measured on an automated biochemistry analyzer (Hitachi
917; Roche Diagnostics). a-Fetoprotein level was performed by
chemiluminescence, with Immulite AFP (1000) kit (Diagnostic
Products Corporation, Los Angeles, CA, USA). In addition,
serologic tests were carried out for HCV using commercial ELISA
kits (ETI-AB-HCVK-3 kit; Sorine Biomedica, Suluggia, Italy).
The second part of blood was drawn into KEDTA tubes for
complete blood count. Complete blood count was performed on
KX-21 Sysmex automated hematology analyzer (Sysmes Corpora-
tion, Kobe, Japan). The third portion was treated with a citrate
solution for prothrombin-INR (international normalised ratio).

Statistical analysis. All statistical analyses were carried out by a
Statistical Package for the Social Sciences (SPSS), version 15.0 on
Microsoft Windows XP (SPSS Inc., Chicago, IL,USA). Continuous
variables were expressed as mean±s.d., whereas categorical
variables were expressed as numbers (percentages). A value of
Po0.05 was considered statistically significant. The correlation
was evaluated by Pearson’s correlation coefficient. All analytes had
a gaussian distribution in patients with liver diseases; the deviation
of AFP was successfully corrected by log transformation of the
data. Patients were divided into several groups. The main end point
was the identification of patients with HCC vs liver cirrhosis (F4).
In secondary analyses, patients were also classified into liver
fibrosis (F1–F3) and no liver fibrosis (F0). First, factors that
differed significantly between these groups were identified by
univariate analyses: w2, analysis of variance, Student’s t-test,
or Mann–Whitney U-test. The independent discriminative value
of blood markers for the diagnosis of HCC was then assessed by
ROC curves and stepwise multivariate discriminant analysis. The
third step was to construct a score that combined the independent
factors. The best score for discrimination was the logistic
regression function that combined the most discriminatory
independent factors. The best cutoff values for optimal prediction
of HCC were determined from the ROC curves. To develop a
simplified score, we have found different derived simplified scores
for the assessment of liver fibrosis stages without coefficients such
as King’s score (Cross et al, 2009), FIB-4 (Vallet-Pichard et al,
2007), FibroQ (Hsieh et al, 2009), and FCI score (Ahmad et al,
2011). In our study, markers used in the original HCC-ART were
combined to derive simplified score to predict HCC. So this
simplified score is different from the HCC-ART original score with
coefficients. In the simplified HCC-ART score, we put the positive
correlation parameters (age, log AFP, AST/ALT ratio, and ALP) in
the numerator and negative correlation parameters (Alb) in the
denominator to formulate a simplified score. Common indicators
of the candidate blood markers and the model performance
(sensitivity, specificity, efficiency, and positive and negative
predictive values) were derived from a 2� 2 contingency table.

RESULTS

Patient characteristics. The clinical background of HCC and non-
malignant CLD patients in the estimation group are shown in
Table 1. Hepatocellular carcinoma patients were older than the
CLD patients. Hepatocellular carcinoma patients produced a range
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of AFP values from normal to more than 35 268 U l� 1.
Normal AFP levels are present in as many as 13% of patients at
time of diagnosis and usually remain low, even with advanced
HCC. a-fetoprotein 4400 U l� 1 is considered diagnostic for HCC;
41% of HCC patients may generate levels that are high. With
values of that magnitude, the specificity of AFP is close to 99%. The
main end point was the identification of patients with HCC vs
patients with liver cirrhosis. Univariate analysis of all variables
tested in the estimation study revealed that ALT, platelet count,
and prothrombin-INR were nonsignificantly (P40.05) between
HCC and liver cirrhosis patients.

Diagnostic performance of AFP and candidate markers. The
AUC was calculated for providing the accuracy of the routine
blood markers for differentiating HCC from liver cirrhosis
(Figure 1A). The AUC of candidate HCC markers is in the order
of Alb (0.85)4ALP (0.76)4age (0.75)4AAR (0.73)4AFP (0.72).
Univariate logistic regression analysis of the variables tested in the
estimation group set revealed that AFP, AAR, age, ALP, and Alb
were associated with HCC. The total bilirubin was then excluded
from subsequent analysis. Receiver operating characteristic curves
showed that the optimum diagnostic cutoff for AAR, AFP, ALP,
age, and Alb were 1.2, 400, 140, 50, and 35, respectively, with odds
ratio (95% CI) of 5.3, 115, 11.6,7.4, and 79, respectively.

Predictive model. We developed a novel index for discriminating
patients with HCC named HCC-ART. It can be represented as:
HCC-ART score¼ (2.17þ ((log AFP� 1)� 10� 0.117)þAST/
ALT ratio� 0.025þ age� 0.012þALP (U l� 1)� 0.001)� (Alb
(g l� 1)� 0.015). There is no correlation between measured AFP
levels and other candidate markers used in the HCC-ART score.
They are not related, which means that there is no redundancy and
that they explore different biochemical abnormalities associated
with the two conditions. There is correlation between measured
HCC-ART score and blood markers used in the score (Figure 1B).
The relationship between liver diseases (F0, F1–F3, F4, and HCC)
and HCC-ART score is illustrated in (Figure 1C). The mean±s.d.
of HCC-ART score in no liver fibrosis (F0), liver fibrosis (F1–F3)
liver cirrhosis (F4), and HCC were 1.95±0.13, 2.1±0.13,
2.25±0.19,3.02±0.38, respectively. The HCC-ART can be used

equally effectively in both men and women without significant
difference (P40.05). This model provides a high AUC (0.99%) for
the prediction of HCC (Figure 1D). Similarly, the area under the
ROC of HCC and other negative controls (liver fibrosis (F1–F3))
and no liver fibrosis (F0) were 0.99 and 1.0 for HCC-ART (Figure
1E and F). On the basis of the ROC analysis, the optimal cutoff
point for HCC-ART to differentiate HCC from non-malignant
CLD was 2.5 with odds ratio of 810. At this cutoff, the sensitivity,
specificity and accuracy for differentiating HCC from non-
malignant liver cirrhosis were 97%, 96%, and 96%, respectively
(Table 2). Absolute specificity (100%) was obtained to discriminate
HCC from liver fibrosis (F1–F3) and no liver fibrosis (F0). Table 2
presents the calculated sensitivities, specificities, diagnostic accu-
racy, and positive and negative predictive values for the HCC-ART
compared with AFP at 400 U l� 1. The values were based on the
differentiation between cirrhosis and HCC. The detection using an
HCC-ART produced better sensitivity (97%) and specificity (96%)
compared with 41% and 99% for AFP at 4400 U l� 1. Absolute
specificity (100%) was obtained to discriminate HCC from liver
fibrosis (F1–F3) and no liver fibrosis (F0) (Table 2).

Diagnostic performances of HCC-ART score without
coefficient. To simplify HCC-ART, we devised a novel index,
called simplified HCC-ART without numerical constant and
coefficients: simplified HCC-ART¼ (age (years)� log AFP (U l� 1)
�AAR�ALP (U l� 1))/(Alb (g l� 1)). Table 2 presents the
calculated sensitivities, specificities, diagnostic accuracy, and
positive and negative predictive values for the simplified HCC-
ART at a selected cutoff score¼ 280 (i.e. o280 indicated absence
of HCC and 4280 indicated presence of HCC). Receiver operating
characteristic curves of simplified HCC-ART showed AUC of 0.95,
sensitivity of 92%, and specificity of 91% in the estimation group.

Validation study. The HCC-ART was further assessed for their
diagnostic power and discriminative ability in an independent and
larger validation set. The clinical background of HCC and non-
malignant CLD patients in the validation group is shown in
Table 3. The majority of liver cirrhosis patients were classified as
compensated liver function Child–Pugh Class A, 420 (94%) and
Child–Pugh Class B, 25 (6%). The majority of HCC patients were

Table 1. Distribution of each variable in 1351 patients with non-malignant chronic liver diseases and HCC in the estimation group

Non-malignant chronic liver diseases (n¼1124)

Variablesa F0c (N¼107) F1–F3c (N¼676) F4c (N¼341) HCC (N¼227) P-valueb

Age (years) 37.2±8.7 42.7±7.9 46.1±7.6 59±10.3 o0.0001

AST (U l�1) 34.6±14.2 41.9±26.6 71±43 128± 109 o0.0001

ALT (U l� 1) 40.2±23.1 49.6± 34.7 77.6±53.6 67.6±61.0 0.31

AAR 0.85±0.44 0.97±0.47 1.1±0.45 1.9±1.53 o0.0001

ALP (U l� 1) 87.1±47 83.8±47.6 94±40 260±227 o0.0001

Albumin (g l� 1) 43.9±3.5 42.7± 3.7 38±4.2 29 ±5.9 o0.0001

Total bilirubin (mg dl� 1) 0.84±0.38 0.83±0.33 1.11±0.68 4.1±2.9 o0.0001

Platelet count (�109 l�1) 238±56 195±54 155±53 135±92 0.75

Prothrombin-INR 1.10±0.12 1.20±0.20 1.23±0.15 1.30±0.20 0.06

a-Fetoprotein (U l�1) 2.3±1.1 0.58±0.44 38.8±21.2 32341±10109 o0.0001

Log a-fetoprotein (U l�1) 0.31±0.23 0.49±0.3 1.1±0.44 2.7±1.38 o0.0001

Abbreviations: AAR¼AST/ALT ratio; ALP¼ alkaline phosphatase; ALT¼ alanine aminotransferase; AST¼ aspartate aminotransferase; HCC¼ hepatocellular carcinoma; INR¼ international
normalised ratio.
aNormal values: AST up to 40 U l� 1; ALT up to 45 U lL� 1; ALP 22–92 U l� 1; albumin 38–54 g l� 1; total bilirubin up to 1 mg%; platelet count 150–400 (� 109 l� 1); and a-fetoprotein up to 10 U l� 1.
bP40.05 is considered nonsignificant and Po0.05 is considered significant; the reference groups for P-values were HCC vs F4.
cMETAVIR score was used to stage fibrosis (F0–F3) and liver cirrhosis (F4).
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classified as minimal or intermediate according to the CLIP
staging. Overall, 128 out of 537 (24%) patients had CLIP 1, 255 of
537 (47%) had CLIP 2, 122 of 537 (23%) had CLIP 3, 29 of 537
(5%) had CLIP 4, and 3 of 537 (1%) had CLIP 5. The diagnostic
value of the HCC-ART was still high, with an area under the ROC
curve for discriminating patients with HCC from those with liver
cirrhosis was 0.95; for discriminating patients with HCC from
patients with F1–F3 was 1.0; and for discriminating patients with
HCC from patients with F0 was 1.0 (Figure 2B and Table 4).
The diagnostic power of the HCC-ART in tumour burden features,
vascular invasion, size of nodules, and CLIP score across the
validation group was reported in Table 4. The values were based on
the differentiation between cirrhosis (child A and child B) and
tumour burden of HCC. The AUC for HCC-ART in patients with
HCC who had only single tumour, absent vascular invasion, size
2 cm or less, and CLIP (0–1) were 0.95, 0.93, 0.86, 0.87,
respectively, compared with 0.72, 0.71, 0.71, 0.50, respectively,
for AFP (Figure 2). Table 5 presents the calculated sensitivities,
specificities, and diagnostic accuracy for AFP (at cutoff 400 U l� 1).

The diagnostic power of AFP alone in tumour burden features,
vascular invasion, size of nodules, and CLIP score across the
validation group appeared inferior to that of the HCC-ART.
We used CLIP score (0–1) to define early stages of HCC. To stage
patients in the CLIP score, multiple clinical indexes, such as Child–
Pugh score, tumour morphology, AFP level and presence of portal
vein thrombosis, are taken into account. The AFP sensitivity was
1 for CLIP 0–1 and can be explained as follows: CLIP score used a
high constant value of AFP (400 U l� 1), which is not common with
early (CLIP 0–1) cases of HCC. The value of AFP in 127 HCC
cases with child B and had CLIP score 0–1 was o400 U l� 1, and
then AFP was not diagnostic for these cases. The value of AFP was
more than 400 U l� 1 in only one case (child A). Then, the final
sensitivity was o1% (Table 5). The mean±s.d. of AFP for the total
128 cases was 25.4±49.5 U l� 1. Table 6 shows the results of the
simplified score. Receiver operating characteristic curves of
simplified HCC-ART showed AUC of 0.91, sensitivity of 83%,
and specificity of 86% in the validation group. When simplified
HCC-ART was applied to HCC patients with only single tumour,
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Figure 1. Development of HCC-ART score in 1351 patients with non-malignant CLDs and HCC in the estimation group. (A) Area under curve of
candidate’s markers to discriminate patients with HCC from patients with liver cirrhosis. (B) Development of HCC-ART score combining Alb, age,
AFP, ALP, and AST/ALT ratio, correlation between the different markers included in the score, and the final HCC-ART score. (C) Box plots of
HCC-ART score to discriminate HCC from no fibrosis (F0), liver fibrosis (F1–F3), and liver cirrhosis (F4) patients. The whiskers indicate the highest
and lowest values, and the line across the box indicates the median value. (D) The AUC of HCC-ART score to discriminate 227 patients with
HCC from 341 patients with liver cirrhosis (F4). (E) The AUC of HCC-ART score to discriminate 227 patients with HCC from 676 patients
with liver fibrosis (F1–F3). (F) The AUC of HCC-ART score to discriminate 227 patients with HCC from 107 patients with no liver fibrosis (F0).
Abbreviations: AAR¼AST�ALT ratio; AFP¼ a-fetoprotein; APRI¼AST/platelets ratio index; Plat.¼platelet count; T. bili¼ total bilirubin.
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absent vascular invasion, size 2 cm or less and CLIP (0–1), the
results were reproduced without significant differences (P40.05).

DISCUSSION

Hepatocellular carcinoma is strongly linked to hepatitis B virus and
hepatitis C virus. In Egypt, prevalence’s for HBV and HCV
infection were 6.7% and 13.9%, respectively, among healthy

populations, and 25.9% and 78.5%, respectively, among HCC
cases. Adults had higher prevalence’s of both infections (adult
HBV¼ 8.0%, child HBV¼ 1.6%; adult HCV¼ 15.7%, child
HCV¼ 4.0%) (Lehman and Wilson, 2009). We based our study
in clinical centres in Egypt where most cases of HCC are related to
HCV infection. In this retrospective study, all patients with HCC
were positive for anti-HCV. Hepatocellular carcinoma developed
on top of HCV-related liver cirrhosis. This is in agreement with
many authors (Lehman and Wilson, 2009). Unlike other solid
malignancies, the prognosis of HCC is not solely dependent on

Table 2. Diagnostic performances of AFP and HCC-ART score to discriminate 227 patients with HCC from patients with non-malignant chronic liver
diseases (n¼ 1124)

Sen (%) Spe (%) PPV (%) NPV (%)a AC (%) AUC

AFP X400 U l�1

HCC vs 341 liver cirrhosis (F4)a 41 99 98 74 78 0.70
HCC vs 676 liver fibrosis (F1–F3)a 100 100 83 84 0.71
HCC vs 107 no liver fibrosis (F0)a 100 100 48 61 0.70

HCC-ART score at cutoff X2.5b

HCC vs 341 liver cirrhosis (F4)a 97 96 94 98 96 0.99
HCC vs 676 liver fibrosis (F1–F3)a 100 100 99 98 0.99
HCC vs 107 no liver fibrosis (F0)a 100 100 95 99 1.0

Simplified HCC-ART score at cutoff X280c

HCC vs 341 liver cirrhosis (F4)a 92 91 87 95 92 0.95
HCC vs 676 liver fibrosis (F1–F3)a 100 99 97 98 0.98
HCC vs 107 no liver fibrosis (F0)a 100 100 86 95 0.98

Abbreviations: AC¼ accuracy; AFP¼ a-fetoprotein; ALP¼ alkaline phosphatase; ALT¼ alanine aminotransferase; ART¼AFP-routine test; AST¼ aspartate aminotransferase; AUC¼ area under
(ROC) curve; HCC¼hepatocellular carcinoma; NPV¼ negative predictive value; PPV¼positive predictive value; Sen¼ sensitivity; Spe¼ specificity.
aMETAVIR score was used to stage fibrosis (F0–F4).
bHCC-ART score¼ (2.17þ (log AFP� 1� 10� 0.117)þAST/ALT ratio� 0.025þ age� 0.012þALP (U l� 1)� 0.001)–(albumin (g l� 1)� 0.015) at cutoff X2.5.
cSimplified HCC-ART score¼ (log AFP�AST/ALT ratio� age�ALP (U l� 1))/albumin (g l� 1) at cutoff X280.

Table 3. Clinical data of the validation study (n¼ 2208)

Non-malignant chronic liver diseases (n¼1563)

Variablesa
F0c No fibrosis

(N¼153)
F1-F3c Liver fibrosis

(N¼1073)
F4c Child A Cirrhosis

(N¼420)
F4c Child B Cirrhosis

(N¼25)
HCC

(N¼537) P-valueb

Age (years) 37.0±8.7 43.9±7.2 49.3±9.3 65±3.8 59.9±9.8 o0.0001

AST (U l�1) 34.4±14.1 44.5±29.3 69.6±40.4 60.2±37 94.2±85.9 o0.0001

ALT (U l� 1) 46.2±23.2 51.6±37.1 69.8±50.5 60.8±66 61.6±58.5 0.47

AAR 0.85±0.44 0.99±0.53 1.2±0.55 1.3±0.6 1.73±1.1 o0.0001

ALP (U l� 1) 83.7±42.6 87.4±43.4 106±53.6 137±74 241±203 o0.0001

Albumin (g l� 1) 43.9±3.5 42.7±3.7 38.9±6.3 34 ±10 29.7±4.3 o0.0001

Total bilirubin (mg dl� 1) 0.85±0.39 0.83±0.31 1.2±0.81 1.7±0.6 2.61±3.5 o0.0001

Platelet count (�109 l�1) 223±57 189±53 140±60 110±81 156±54 0.718

Prothrombin-INR 1.17±0.14 1.19±0.20 1.23 ±0.22 1.18±0.1 1.25±0.21 0.06

a- Fetoprotein (U l�1) 2.4±1.1 4.3±3.7 39.3± 20 10.4±10.7 9650±2318 o0.0001

Log a-fetoprotein (U l�1) 0.32±0.23 0.53±0.29 1.1±0.43 0.83±0.41 2.7±1.41 o0.0001

Abbreviations: AAR¼AST/ALT ratio; ALP¼ alkaline phosphatase; ALT¼ alanine aminotransferase; AST¼ aspartate aminotransferase; HCC¼ hepatocellular carcinoma; INR¼ international
normalised ratio.
aNormal values: AST up to 40 U l� 1; ALT up to 45 U l� 1; ALP 22–92 U l� 1; albumin 38–54 g l� 1; total bilirubin: up to 1 mg%; platelet count 150–400 (� 109 l� 1) and a-fetoprotein up to 10 IU ml� 1.
bP40.05 is considered nonsignificant and Po0.05 is considered significant; the reference groups for P-values were HCC vs F4.
cMETAVIR score was used to stage fibrosis (F0–F3) and liver cirrhosis (F4).
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tumour burden but is also adversely influenced by impaired liver
function secondary to the underlying pathogenic condition
(Tandon and Garcia-Tsao, 2009). Several staging systems have
been proposed to predict patient prognosis, including parameters
such as functional liver reserve, performance status, circulating
tumour markers, and extent of spread of the primary tumour
(Bruix et al, 2001). Several models to guide prognosis in HCC have
been developed, each one including parameters reflecting both liver
dysfunction and tumour stage. None of these previous prognostic
indices are considered ideal, and despite the increasing number of
published comparative studies, there is no consensus on the
optimal system that should be utilised (Camma and Cabibbo,
2009). Our study was undertaken to develop a clinically useful
HCC–ART score for the diagnosis of patients with HCC.
To maximise the clinical use of this score, HCC-ART was designed
to include simple, non-invasive, and routinely measured markers.
There are no reports examining the diagnostic value of these
markers (age, AFP, AAR, ALP, and Alb) combined in a score for
the diagnosis of HCC. It has been hypothesised that an age-
associated decrease in DNA repair contributes to the development
of HCC (Goukassian et al, 2000; Anisimov, 2007). Chronic
hepatitis or cirrhosis raise AFP in 20% and 40% of patients,
respectively, and tend to fluctuate in parallel with underlying
inflammatory activity (Johnson, 2001; Kashyap et al, 2001). Also,
ALT and AST ratio levels were significantly associated with the

incidence of HCC (Dufour et al, 2000). Elevated AST activity is a
surrogate marker for cirrhosis because of reduced plasma clearance
of AST secondary to impaired function of sinusoidal cells (Park
et al, 2000). Elevation of ALP enzyme can suggest intrahepatic or
extrahepatic biliary obstruction, and occurs in hepatocellular injury
to a lesser degree. Alkaline phosphatase has also been included in
the Chinese University Prognostic Index (Yu et al, 2011). Albumin
is an important factor for use in several scoring systems, such as
the Child–Pugh and CLIP score systems (Ishizuka et al, 2012). The
Alb levels at any time reflect its rate of synthesis but is not specific
for liver disease and may occur in protein malnutrition, nephrotic
syndrome, and chronic protein losing enteropathies (Rothschild
et al, 1983). It is interesting to note that all of these blood markers
are affected by liver inflammation and that none are precursors of
liver fibrosis. In this study, the sensitivity and specificity of AFP for
differentiating HCC from liver cirrhosis at a cutoff value of
400 U l� 1 were 41% and 99%, respectively. Hepatocellular
carcinoma can produce a range of AFP values from normal
to 4100 000 U l� 1 (Koteish and Thuluvath, 2002); AFP
4400–500 U l� 1 is considered diagnostic for HCC, although fewer
than half of patients may generate levels that are high (Bialecki and
Di Bisceglie, 2005). With values of that magnitude, the specificity of
AFP is close to 100% but at a cost to the sensitivity, which falls
below 45% (Gupta et al, 2003). This study used large number of
patients to develop and validate a simple score predictive of HCC
in chronic hepatitis C. In this study, after assessing a set of eight
potential blood markers of HCC, we developed a predictive model
consisting of age and four routine laboratory tests (AFP, AAR,
ALP, and Alb). At the best cutoff, AUC, sensitivity, specificity, and
accuracy for differentiating HCC from non-malignant liver
cirrhosis were 0.99, 97%, 96%, and 96%, respectively. Absolute
specificity (100%) was obtained to discriminate HCC from liver
fibrosis (F1–F3) and F0. It is not easy to distinguish HCC from
liver cirrhosis by imaging examination of the liver, procedures that
to our knowledge can reach 50% efficiency (Patel et al, 2012).
Hepatocellular carcinoma-AFP-routine test showed a diagnostic
sensitivity for HCC of 97%, higher than or comparable with that of
other, sometimes invasive tools, including instrumental
approaches. The diagnostic sensitivity of US was 84%; CT for
HCC was 79%; and that of MRI was 77% (Liovet et al, 1998).
When combining the diagnostic ability of the different imaging
modalities, the diagnostic sensitivity of US and MRI was 90%,
whereas addition of US to CT and MRI had a sensitivity of 82%
and 88%, respectively (Alaboudy et al, 2011). The diagnostic
sensitivity of cytology by fine-needle aspiration biopsy for HCC
may vary from 60 to 90%, depending on the size of the lesion, on
the examiner, and on the diameter of the puncturing needle
(França et al, 2003). There is a need to develop non-invasive,
sensitive blood marker to improve the early detection of HCC
(Attallah et al, 2011; Kumada et al, 2011). The sensitivity and
specificity for AFP were 61% and 71%; for AFP-L3 were 37% and
92%; and for DCP were 39% and 90%, respectively. Values
increased when AFP values were combined with AFP-L 3% and
DCP to 77% and 59%, respectively (Sterling et al, 2009).
Hepatocellular carcinoma-AFP-routine test score is much simpler
and practical score than other scores such as the one developed by
Castaldo et al (1995) and the other one developed by Ishida et al
(2010). These scores showed lower sensitivity of 85% compared
with our score of 97% and lower specificity of 74% vs 96%. We
used CLIP score (0–1) to define early-stage HCC. To stage patients
in the CLIP score, multiple clinical indexes, such as Child–Pugh
score, tumour morphology, AFP level, and presence of portal vein
thrombosis are taken into account. The AUC for validated HCC-
ART in patients with HCC who had only single tumour, absent
vascular invasion, size 2 cm or less, and CLIP score (0–1) were 0.95,
0.93, 0.86, 0.87, respectively, compared with 0.72, 0.71, 0.71, 0.50,
respectively, for AFP. The validation group confirmed the ability of
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Figure 2. Area under ROC curve (AUC) of validated HCC-ART score
compared with AFP X400 /l�1. (A) To discriminate 537 patients
with HCC from patients with non-malignant CLDs (n¼1671).
(B) Diagnosis of early HCC with tumour burden features such as number
of nodules, vascular invasion, size of nodules, and CLIP score.
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HCC-ART score to diagnose HCC, especially those with early-
stage disease. Receiver operating characteristic curves of simplified
HCC-ART (without coefficient) showed AUC of 0.95, sensitivity of
92%, and specificity of 91% in the estimation group, and 0.91, 83%,

and 86%, respectively, in the validation group. Hepatocellular
carcinoma-AFP-routine test score was developed and validated in
Egyptian patients. Because the clinical characteristics included are
common to clinical guidelines prepared by the American

Table 5. Diagnostic performances of validated AFP at 400 U l�1 to discriminate 537 patients with HCC from patients with non-malignant chronic liver
diseases (n¼ 1671)

Classification Sen % Spe % PPV% NPV% AC% AUC

F0 (N¼ 153) vs HCC 54 100 100 30 62 0.70
F1–F3 (N¼1073) vs HCC 40 100 100 83 84 0.70
Liver cirrhosis child A (no 420 ) vs HCC 54 99 99 63 74 0.77
Liver cirrhosis child B (no 25) vs HCC Aged 65±3.8 years 59 100 100 30 64 0.73
Total liver cirrhosis (no¼ 445) vs HCC 54 99 98 64 74 0.77

Number of nodules (no., %)

Single (388; 72.3%) 55 99 99 72 72 0.72
Multiple (149, 27.7% ) 52 99 95 86 77 0.69

Vascular invasion (no., %)

Absent (528, 98.3%) 46 99 98 61 70 0.71
Present (10, 0.7%) 66 99 60 99 74 0.79

Size of nodules (no., %)

o2 (18, 4%) 57 99 96 88 87 0.71
X2 (516, 96%) 67 99 99 72 82 0.71

CLIP score

0–1 ( 128, 24%) 1 99 20 77 77 0.5
X2 (409, 76%) 71 99 99 79 97 0.8

Abbreviations: AC¼ accuracy; ART¼ a-fetoprotein-routine test; AUC¼ area under (ROC) curve; CLIP¼Cancer of the Liver Italian Program; HCC¼ hepatocellular carcinoma; NPV¼ negative
predictive value; PPV¼positive predictive value; Sen¼ sensitivity; Spe¼ specificity.

Table 4. Diagnostic performances of validated HCC-ART score to discriminate 537 patients with HCC from patients with non-malignant chronic liver
diseases (n¼ 1617)

Classification Sen (%) Spe (%) PPV (%) NPV (%) AC (%) AUC

F0 (N¼ 153) vs HCC 90 100 100 76 98 1.0
F1–F3 (N¼1073) vs HCC 100 100 97 95 1.0
Liver cirrhosis child A (no 420 ) vs HCC 85 89 89 88 0.95
Liver cirrhosis child B (no 25) vs HCC Aged 65±3.8 years 52 97 20 88 0.86
Total liver cirrhosis (no¼445) vs HCC 83 87 88 87 0.95

Number of nodules (no., %)

Single (388, 72.3%) 90 83 82 90 87 0.95
Multiple (149, 27.7% ) 92 83 65 97 85 0.95

Vascular invasion (no., %)

Absent (528, 98.3%) 87 83 83 88 85 0.93
Present (10, 0.7%) 100 83 12 100 84 0.97

Size of nodules (no., %)

o2 (18, 4%) 69 81 10 99 81 0.86
X2 (516, 96%) 91 83 86 88 87 0.95

CLIP score

0–1 (128, 24%) 73 83 81 56 81 0.87
X2 (409, 76%) 94 83 80 95 88 0.96

Abbreviations: AC¼ accuracy; AFP¼ a-fetoprotein; ALP¼ alkaline phosphatase; ALT¼ alanine aminotransferase; AST¼ aspartate aminotransferase; ART¼AFP-routine test; AUC¼ area under
(ROC) curve; CLIP¼Cancer of the Liver Italian Program; HCC¼hepatocellular carcinoma; NPV¼ negative predictive value; PPV¼positive predictive value; Sen¼ sensitivity; Spe¼ specificity.
HCC-ART score¼ (2.17þ (log AFP� 1� 10� 0.117)þAST/ALT ratio� 0.025þ age� 0.012þALP (U l� 1)� 0.001)–(albumin (g l� 1)� 0.015) at cutoff X2.5.
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Association for the Study of Liver Diseases, this score might be
applicable to non-Egyptian patients. The simplest score would be
one that requires only variables that can be documented simply
from routine laboratory tests without the need for sophisticated
tests. Therefore, clinicians should consider using HCC-ART as
diagnostic biomarkers for small HCC tumour size or as additional
markers in HCC surveillance programme using ultrasonography.
In addition, it is highly important to know whether this score will
decrease in response to HCC therapy and reductions in tumour
burden.
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Zucoloto S, Martinelli A, Soares EC (2003) Fine needle aspiration biopsy
improves the diagnostic accuracy of cut needle biopsy of focal liver lesions.
Acta Cytologica 47: 332–336.

Gonzalez SA, Keeffe EB (2011) Diagnosis of hepatocellular carcinoma: role of
tumor markers and liver biopsy. Clin Liver Dis 15: 297–306.

Goukassian D, Gad F, Yaar M, Eller MS, Nehal US, Gilchrest BA (2000)
Mechanisms and implications of the age-associated decrease in DNA
repair capacity. FASEB J 14: 1325–1334.

Gupta S, Bent S, Kohlwes J (2003) Test characteristics of alphafetoprotein for
detecting hepatocellular carcinoma in patients with hepatitis C.
A systematic review and critical analysis. Ann Intern Med 139: 46–50.

Hsieh YY, Tung SY, Lee IL, Lee K, Shen CH, Wei KL, Chang TS, Chuang CS,
Wu CS, Lin YH (2009) FibroQ: an easy and useful noninvasive test for

Table 6. Diagnostic performances of validated simplified HCC-ART score to discriminate 537 patients with HCC from patients with non-malignant chronic
liver diseases (n¼1671)

Classification Sen (%) Spe (%) PPV (%) NPV (%) AC (%) AUC

F0 (N¼ 153) vs HCC 87 100 100 60 89 0.99
F1–F3 (N¼1073) vs HCC 99 99 94 95 0.98
Liver cirrhosis child A (no 420) vs HCC 84 88 84 86 0.91
Liver cirrhosis child B (no 25) vs HCC 56 98 17 86 0.85
Total liver cirrhosis (no¼445) vs HCC Aged 65±3.8 years 83 86 84 95 0.91

Number of nodules (no., %)

Single (388, 72.3%) 87 83 81 88 85 0.91
Multiple (149, 27.7%) 87 83 63 95 84 0.91

Vascular invasion (no., %)

Absent (528, 98.3%) 88 83 86 84 85 0.91
Present (10, 0.7%) 100 83 11 100 83 0.97

Size of nodules (no., %)

o2 (18, 4%) 54 83 9 98 81 0.90
X2 (516, 96%) 89 83 81 90 85 0.91

CLIP score

0–1 (128, 24%) 71 83 54 91 80 0.81
X2 (409, 76%) 92 83 83 92 87 0.94

Abbreviations: AC¼ accuracy; AFP¼ a-fetoprotein; ART¼ a-fetoprotein-routine test; AUC¼ area under (ROC) curve; CLIP¼Cancer of the Liver Italian Program; HCC¼ hepatocellular
carcinoma; NPV¼ negative predictive value; PPV¼positive predictive value; Sen¼ sensitivity; Spe¼ specificity.Simplified HCC-ART score¼ (log AFP�AST/ALT ratio� age�ALP (U l� 1))/
albumin (g l� 1) at cutoff X280.

BRITISH JOURNAL OF CANCER Diagnostic performances of HCC-ART test

1664 www.bjcancer.com | DOI:10.1038/bjc.2013.481

http://www.bjcancer.com


predicting liver fibrosis in patients with chronic viral hepatitis. Chang
Gung Med 32: 614–622.

Ishida H, Matsuo S, Inoue Y (2010) Evaluation of diagnostic performance of
alpha-fetoprotein (AFP) and des-gamma-carboxy prothrombin (DCP) for
HCV related hepatocellular carcinoma developed after long-term follow up.
Rinsho Byor 58: 1065–1072.

Ishizuka M, Kubota K, Kita J, Shimoda M, Kato M, Sawada T (2012) Impact of
an inflammation-based prognostic system on patients undergoing surgery
for hepatocellular carcinoma: a retrospective study of 398 Japanese
patients. Am J Surg 203: 101–106.

Johnson PJ (2001) The role of serum alpha-fetoprotein estimation in the
diagnosis and management of hepatocellular carcinoma. Clin Liver Dis 5:
145–159.

Kashyap R, Jain A, Nalesnik M, Carr B, Barnes J, Vargas HE, Rakela J, Fung J
(2001) Clinical significance of elevated alpha-fetoprotein in adults and
children. Dig Dis Sci 46: 1709–1713.

Kew MC (2012) Hepatocellular carcinoma in developing countries:
Prevention, diagnosis and treatment. World J Hepatol 4: 99–104.

Koteish A, Thuluvath PJ (2002) Screening for hepatocellular carcinoma. J Vasc
Interv Radiol 13: S185–S190.

Kumada T, Toyoda H, Kiriyama S, Tanikawa M, Hisanaga Y, Kanamori A,
Tada T, Tanaka J, Yoshizawa H (2011) Predictive value of tumor markers
for hepatocarcinogenesis in patients with hepatitis C virus. J Gastroenterol
46: 536–544.

Lai Q, Melandro F, Pinheiro RS, Donfrancesco A, Fadel BA, Levi Sandri GB,
Rossi M, Berloco PB, Frattaroli FM (2012) Alpha-fetoprotein and
novel tumor biomarkers as predictors of hepatocellular carcinoma
recurrence after surgery: a brilliant star raises again. Int J Hepatol 2012:
893103.

Lehman EM, Wilson ML (2009) Epidemiology of hepatitis viruses among
hepatocellular carcinoma cases and healthy people in Egypt: a systematic
review and meta-analysis. Int J Cancer 124: 690–697.

Llovet JM, Bruix J, Fuster J, Castells A, Garcia-Valdecasas JC, Grande L,
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