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Abstract
Aim: Hepatitis C virus (HCV) cirrhosis is an important cause of hepatocellular carcinoma (HCC). This study aimed 
to identify factors of HCC presence among HCV cirrhotic patients with and without small diameter HCC (≤ 3 cm).

Methods: A case control transversal study between 1998 and 2003 including 93 patients: 31 with small diameter 
HCC and 62 without HCC. Groups were matched by age and gender. Multiple logistic regression analysis using 
Akaike Information Criteria to estimate the probability of HCC was performed. A model score was generated and 
bootstrap analysis was performed for internal validation. 

Results: Three significant laboratorial variables for HCC presence were found: alanine aminotransferase > 37 U/L 
[odds ratio (OR): 7.43 (1.61-34.19), P  = 0.01], alpha-fetoprotein > 20 ng/mL [OR: 16.2 (4.17-63.01), P  < 0.001] and 
platelet count < 100,000/mm3 [OR: 3.62 (1.43-9.14), P  = 0.007]. A model score with an area under curve of 0.79 
(95% CI: 0.7-0.89) was built based on these variables. The negative predictive value of those classified as at low 
risk of HCC was 99.1%.

Conclusion: An easy and practical model score was generated. It may be an auxiliary tool for identification of HCV 
patients with low probability of small diameter HCC at initial evaluation composed of three serum examinations 
used in routine outpatient clinical practice.
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Keywords: Clinical score, hepatocellular carcinoma, hepatitis C

INTRODUCTION
Hepatocellular carcinoma (HCC) represents more than 5% of all malignant tumors, and is the fifth most 
common cancer in men and the eighth in women. The prevalence of this cancer is expected to increase 
in the coming years[1-3]. HCC incidence varies greatly between geographical regions[4-7]. Hepatitis C virus 
(HCV) infection is typically prevalent in areas with low incidence (< 3 per 100,000) of HCC, as often found 
in developed countries. Japan is an exception to this, with 80% of HCC patients infected with HCV[6]. It is 
generally believed that the presence of cirrhosis and chronic HCV infection contribute to an increased risk 
of HCC[8]. Other potential underlying risk factors include gender (male), advanced age, hepatitis B virus co-
infection, alcohol abuse, a history of blood transfusion, and diabetes[9]. 

Several cohort studies have shown that early HCC detection increases the potential for application of 
curative rather than palliative treatment. Screening strategies may allow earlier HCC diagnosis, with a 
potential positive impact on mortality[10,11]. The European and American guidelines recommend abdominal 
ultrasonography (US) every 6 months[12,13], but the recently updated Asia-Pacific guidelines, as well as 
other centers, recommend a combination of US and serum alpha-fetoprotein (AFP) measurement for HCC 
surveillance[14,15].

In Brazil, HCV is the main etiology of liver cirrhosis[16]. Among a 10-year cohort of 884 Brazilian cirrhotic 
patients, with almost 60% with HCV etiology, reported an incidence of HCC of 16.9% over 5 years[16]. 
Improvements in diagnostic imaging and routine surveillance programs have enabled the identification of 
small liver nodules, meaning that the majority of our HCC cases are now diagnosed in their early stages (80%)[17,18]. 
As a result, the prognosis for patients with HCC has improved considerably[10,11,19]. However, surveillance 
adherence rates for HCC are far from ideal in many settings[20]. Moreover, HCC rate detection may be lower 
outside specialized centers, and the diagnosis of small HCC (≤ 3 cm) can indeed be a challenge in clinical 
practice. Therefore, it is important to search for reliable markers for early detection or even exclusion of 
HCC with confidence, to assist in the management of these patients. 

The aim of this study was to identify possible factors of HCC presence/absence by analyzing a set of patients 
with HCV-related cirrhosis, with and without small diameter HCC (≤ 3 cm).

METHODS 
We performed an observational case-control study in a cohort of HCV-related cirrhosis patients with and 
without small diameter HCC (≤ 3 cm). The STROBE statement for reporting observational studies was 
followed[21].

HCC patients
The study included 31 patients (20 male, 11 female) with HCV-related cirrhosis and HCC smaller than 3 cm, 
who were diagnosed and followed up at a tertiary healthcare center; the Department of Gastroenterology 
at the University of São Paulo School of Medicine, São Paulo, Brazil between 1998 and 2003. All patients 
on file eligible for inclusion in the HCC group were included. HCC diagnosis was based on one of the three 
following criteria: (1) biopsy and histological examination of the nodule; (2) nodules with arterial hyper 
vascularization and washout in at least two different dynamic imaging methods [abdominal computed 
tomography (CT) or magnetic resonance imaging (MRI)]; or (3) identification of a suspect growth in at least 
one dynamic imaging method along with serum AFP > 200 ng/mL.

All biopsies were performed with a 14G Tru-Cut® needle (Medical Technology, Gainsville, FL, USA) with 
ultrasound-guided puncture performed in the nodule and in the adjacent parenchyma. HCC was diagnosed 
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in 12 (63.1%) of the 19 biopsies performed. The remaining seven cases were included based on the progressive 
increase of nodule size; with consequent better definition by imaging methods (5 cases) and/or increased 
AFP level (2 cases).

HCC diagnosis was made with imaging in 15 patients (48.3%) and histology in 12 patients (38.8%). A 
combination of imaging methods and AFP levels was applied in four cases (12.9%). All 31 patients presented 
up to three liver nodules smaller than 3 cm in total. Some nodules were detected as part of a screening 
program (55%) involving abdominal US and serum AFP monitoring every 6 months, while some were 
referrals from other centers with diagnoses of suspected HCC. The mean nodule size was 22 mm. All 
patients underwent a chest computerized tomography scan and a full-body bone scan to exclude the 
presence of metastatic HCC.

Control group
Sixty-two patients (40 male, 22 female) with hepatitis C-related cirrhosis, but without HCC were selected 
from the same tertiary care center. They were paired by age and gender with the HCC group. All patients in 
the control group were subjected to abdominal US 6 months after data collection, to ensure that HCC had 
not developed. These patients were systematically screened every 6 months for HCC with US and serum 
AFP measurements.

The following anthropometric and clinical variables were recorded and used to categorize the control group: 
age (> 60 years); gender (male/female); treatment with alpha-interferon (yes/no); previous participation in a 
screening program (yes/no); response to antiviral treatment (yes/no); Child-Pugh score (A/B/C); esophageal 
varices (yes/no); upper gastrointestinal (GI) bleeding (yes/no); ascites (yes/no); hepatic encephalopathy (yes/
no); spontaneous bacterial peritonitis (SBP) (yes/no); weight loss (yes/no); alcohol consumption (yes/no) and 
abdominal pain (yes/no). 

The following serum markers were examined: AFP (≥ 20 ng/mL), total bilirubin (Bil) (> 10 ng/dL), aspartate 
aminotransferase (AST) (> 41 U/L), alanine aminotransferase (ALT) (> 37 U/L), alkaline phosphatase 
(AP) (> 129 U/L), gamma-glutamyl transpeptidase (GGT) (> 61 U/L), transferin saturation (> 40%), ferritin 
(> 150 ng/mL), international normalized ratio (INR) (> 1.20), platelet count (< 100,000/mm3), albumin 
(< 3.4 g/dL), fibrinogen (< 150 mg/dL), glycemia (> 110 mg/dL). We additionally recorded a descriptive 
analysis of the HCC histological type as well-, moderately- or poorly-differentiated. Of the 12 histologically 
confirmed tumors, 11 were moderately-differentiated, and only 1 was well-differentiated, while none were 
poorly differentiated.

This study was approved by the Institutional Review Board, fulfilling all of the requirements for retrospective 
studies in human subjects, according to the guidelines of the 1975 Helsinki Declaration.

Statistical analysis
Quantitative variables are presented as median, first quartile and third quartile, and qualitative variables as 
percentages. Differences between groups (presence/absence of HCC) regarding continuous variables were 
verified via the Mann-Whitney test and association between categorized variables were checked by Fisher’s 
test. P-values smaller than 0.05 were considered statistically significant. 

Receiver operator curve (ROC) curve was applied to all continuous variables, and cutoff values were selected 
to maximize the Youden index (MaxSe and MaxSp)[22]. Simple and multivariable logistic regressions were 
performed to predict HCC presence. Akaike Information Criterion (AIC)[23] was used to select the most 
informative variables in the backward strategy. Patients with missing data in a specific variable were 
excluded from the analysis of that variable.

Finally, linear predictors from multiple regressions were resized to a range from 0 to 100, and then a cutoff 
value was determined by a ROC curve. Performance measures given by sensitivity (Se), specificity (Sp), 
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positive (PPV) and negative (NPV) predicted values were calculated based on a HCC yearly prevalence of 
3% (Brazil)[16] and 10% (Japan)[24] and the performance of the model was further analyzed with the bootstrap 
method[25] with 1000 samples used to estimate the internal validity of performance measures. The R Project 
for Statistical Computing ver. 3.0.2 (R Core Team, Vienna, Austria, 2014) software package was used for 
statistical analyses. 

RESULTS
We evaluated 93 patients with HCV-related cirrhosis, 31 of which with small HCC and 62 without HCC. 
Table 1 shows the frequencies and percentages of clinical and laboratory variables of the HCC and control 
groups. The median age in both groups was 59 years old, the majority were male, and had preserved liver 
function (Child-Pugh A). No differences between groups could be detected regarding liver related outcomes 
such as ascites (P = 0.18), spontaneous bacterial peritonitis (P = 1.0), esophageal varices (P = 1.0), variceal 
bleeding (P = 1.0) or hepatic encephalopathy (P = 0.817).

On the other hand, patients with HCC had higher levels of AFP [10.9 (4.75-45.3) vs. 4.95 (2.92-8.3) ng/mL, P 
< 0.001], AST [91 (62.5-117) vs. 53.5 (39-84) U/L, P = 0.002], ALT [70 (55.5-110) vs. 47 (30.5-74.5) U/L, P = 0.002], 
and were less likely to have participated in a screening program (54.84% vs. 95.16%, P < 0.001) than patients 
in the control group. Furthermore, HCC patients had a lower platelet count than their counterparts in the 
control group (83.9 vs. 118.5 × 10³ × mm³, P = 0.02), as shown in Table 1.

Table 1. Descriptive analysis of frequencies and percentages of clinical and laboratory variables of the 93 patients HCV-
related cirrhosis patients

               Control
               (n  = 62)

              Case
             (n  = 31)

          P  value

Gender (male), n  (%) 40 (64.52) 20 (64.52) 1

Age (year), median (min-max) 59 (52.25-66.75) 59 (52.5-66) 0.952

AFP (ng/mL) 4.95 (2.92-8.3) 10.9 (4.75-45.3) < 0.001

Bil (mg/dL) 1.3 (0.82-2.1) 1.4 (1.05-2) 0.508

AST (U/L) 53.5 (39-84) 91 (62.5-117) 0.002

ALT (U/L) 47 (30.5-74.5) 70 (55.5-110) 0.002

GGT (U/L) 50.5 (34-113) 78 (50.5-188.5) 0.071

AP (U/L) 99.5 (80.5-131.75) 111 (79-136) 0.496

INR 1.27 (1.16-1.36) 1.24 (1.15-1.53) 0.883

Platelet count (103 × mm3) 118.5 (68.75-158) 83.9 (63.75-104.5) 0.02

Transferin saturation (%) 44 (28-58) 44 (30-61.25) 0.955

Ferritin (ng/mL) 78.5 (23-258.5) 325 (140.25-500.5) 0.199

Albumin (g/dL) 3.65 (3.37-4) 3.61 (3.32-3.9) 0.302

Glucose (mg/dL) 97 (88-130) 99 (87.5-108.5) 0.526

Fibrinogen (mg/dL) 214 (178-271.5) 157 (126-190) 0.04

Screening (%) 59 (95.16) 17 (54.84) < 0.001

Ascites (%) 22 (35.48) 16 (51.61) 0.18

SBP (%) 1 (1.61) 1 (3.23) 1

Variceal bleeding (%) 7 (11.29) 4 (12.9) 1

Esophageal varices (%) 42 (67.74) 20 (64.52) 0.817

Encephalopathy (%) 7 (11.29) 4 (12.9) 1

Abdominal pain (%) 1 (2.44) 0 (0) 1

Weight loss (%) 5 (12.2) 1 (3.23) 0.227

Child-Pugh A/B/C (%) 44 (70.97) 17 (54.84) 0.139

17 (27.42) 12 (38.71)

1 (1.61) 2 (6.45)

Alcohol consumption (%) 16 (25.81) 8 (25.81) 1

Alpha-interferon therapy (%) 42 (67.74) 19 (61.29) 0.644

Treatment response (%) 10 (23.81) 0 (0) 0.056

HCV: hepatitis C virus; AFP: alpha feto protein; HCC: hepatocellular carcinoma; Bil: total bilirubin; AST: aspartate aminotransferase; ALT: 
alanine aminotransferase; GGT: gamma-glutamyl transpeptidase; AP: alkaline phosphatase; INR: international normalized ratio; SBP: 
spontaneous bacterial peritonitis

Page 4 of 11                        Paranaguá-Vezozzo et al. Hepatoma Res 2018;4:11  I  http://dx.doi.org/10.20517/2394-5079.2018.17



Among HCC patients, 19 (61%) were subjected to antiviral treatment with alpha-interferon, to which none of 
them responded. However, among the control group, 42 (68%) were subjected to antiviral treatment, and 10 
(24%) of these patients achieved sustained virological response (SVR) (P = 0.05).

On multivariate logistic regression [Table 2], higher AFP levels (> 20 ng/mL, P < 0.001), higher ALT levels 
(> 37 U/L, P = 0.01) and lower platelet count (< 100,000/mm3, P = 0.007) were independent prediction factors 
of HCC presence, with odds ratios of 16.2 (4.17-63.01), 7.43 (1.61-34.19) and 3.62 (1.43-9.14), respectively.

The coefficients of the multivariable model are 3.71 ± 1, 2.96 ± 0.77, 1.72 ± 0.9, 1.7 ± 0.62 for the intercept, 
AFP > 20, ALT > 37 and platelet count < 100,000. These variables were applied to build a score capable of 
discriminating higher risk of HCC in HCV cirrhotic patients, with an area under curve (AUC) of 0.79 
(95% CI: 0.7-0.89) [Figure 1].

Based on the findings, we propose a model score to apply to outpatients with HCV related cirrhosis, but 
without tumors or nodules on US or CT/MRI images undertaken during routine surveillance:

HCC Risk Score in HCV patients with cirrhosis = 46 × (abnormal AFP) + 27 × (abnormal ALT) + 27 × (abnormal 
platelet count)

This formula requires the knowledge of the range and limits of the normal values of the aforementioned 
variables. For example, if AFP > 20 ng/dL, it is considered abnormal, and the score attributable to this 
variable is 1 (1), but if it ≤ 20 ng/dL its score is 0. Similarly, if the ALT is > 37 U/L, it is considered abnormal, 
and the score is 1 (1), and finally a platelet count < 100,000/mm3 is considered an abnormal value, and its 
score is 1 (1).

Figure 1. Receiver operator curve analysis of calculated model score for identifying hepatocellular carcinoma. ALT: alanine 
aminotransferase; AFP: alpha-fetoprotein; AUC: area under curve
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Table 2. Odds ratio of risk factors for HCC presence on a multivariate logistic regression analysis

Group OR (95% CI) P  value
Gender Male 1 (0.41-2.46) 1

Age (years) > 60 1.07 (0.44-2.6) 0.88

AFP (ng/mL) > 20 16.2 (4.17-63.01) < 0.001

Bil (mg/dL) > 1.0 1.58 (0.61-4.12) 0.349

AST (U/L) > 41 3.53 (0.95-13.13) 0.06

ALT (U/L) > 37 7.43 (1.61-34.19) 0.01

GGT (U/L) > 61 2.65 (0.61-11.43) 0.192

AP (U/L) > 129 - 0.995

INR > 1.20 0.87 (0.36-2.12) 0.761

Platelet count (/mm3) < 100,000 3.62 (1.43-9.14) 0.007

Transferin saturation > 40% 0.97 (0.34-2.73) 0.954

Ferritin (ng/mL) > 150 1.8 (0.3-10.91) 0.522

Albumin (g/dL) < 3.4 1.46 (0.58-3.67) 0.425

Glucose (mg/dL) > 110 0.58 (0.2-1.65) 0.304

Fibrinogen (ng/mL) < 150 1.46 (0.58-3.67) 0.425

Screening Yes 0.06 (0.02-0.24) < 0.001

Ascites Yes 1.94 (0.81-4.66) 0.138

SBP Yes 2.03 (0.12-33.67) 0.62

Variceal bleeding Yes 1.16 (0.31-4.32) 0.821

Esophageal varices Yes 0.87 (0.35-2.15) 0.756

Encephalopathy Yes 1.16 (0.31-4.32) 0.821

Abdominal pain Yes - 0.992

Weight loss Yes 0.24 (0.03-2.17) 0.204

Child B 1.83 (0.72-4.62) 0.203

C 5.18 (0.44-60.93) 0.191

Alcohol consumption Yes 1 (0.37-2.68) 1

Alpha-Interferon therapy Yes 0.75 (0.31-1.85) 0.538

Treatment response No 1.02 (0.3-3.45) 0.98

  Yes - 0.993

HCV: hepatitis C virus; AFP: alpha feto protein; HCC: hepatocellular carcinoma; Bil: total bilirubin; AST: aspartate aminotransferase; ALT: 
alanine aminotransferase; GGT: gamma-glutamyl transpeptidase; AP: alkaline phosphatase; INR: international normalized ratio; SBP: 
spontaneous bacterial peritonitis; OD: odds ratio

Table 3. Discrimination measurements for development of the model score with different prevalent risk HCC 
scenario (3% and 10%) and results of its internal validation

  Estimate (95% CI) Optimism
General cut off: 54
   Se 81% (64%-94%) -13.1%

   Sp 60% (47%-71%) 6.4%

Prevalence scenario 3% 10%

   PPV 5.8% 18%

   NPV 98.5% 95%

Excluding cut off: 26

   Se 100 % (89%-100%) -7.5%

   Sp 23% (14%-34%) 13%

Prevalence scenario 3% 10%

   PPV 3.7% 12.2%

   NPV 99.1% 96.9%

Including cut off: 100

   Se 26% (14%-43%) -2.6%

   Sp 100% (94%-100%) 0

Prevalence scenario 3% 10%

   PPV 44.6% 74.2%
   NPV 97.7% 92.3%

HCC: hepatocellular carcinoma); NPV: negative predictive value; PPV: positive predictive value; Se: sensitivity; Sp: specificity
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Three cut-off levels of the model score were considered, and bootstrap analysis was applied to determine the 
optimal values for sensitivity and specificity [Table 3], since the diagnostic measures were calculated based 
on internal validation. The cut-off level with the best sensitivity and specificity was 54, with a sensitivity of 
81% (64%-94%) and a specificity of 60% (47%-71%). In the scenario of 3% prevalence of HCC risk in HCV 
cirrhotic patients the best cut off value to exclude HCC is 26 [sensitivity = 100% (89%-100%); specificity = 23% 
(14%-34%); PPV = 3.7%; NPV = 99.1%], and the best cut off to include HCC is 100 [sensitivity = 26% (14%-43%); 
specificity = 100% (94%-100%); PPV = 44.6%; NPV = 97.7%]. When we changed the scenario prevalence to 
10%, the results show better performances from the positive predictive values, from 5.8% to 18% at a cut off 
level of 54, from 44.6% to 74.2% at cut off level of 100, and from 3.7% to 12.2% at cut off level of 26.

DISCUSSION
This case control study analyzed clinical and laboratory parameters used in routine daily practice, aiming to 
identify patients with HCV-related cirrhosis at increased risk of HCC presence. We found that higher serum 
AFP and ALT levels, and lower platelet count were independent prediction factors of HCC. Such information 
could be used to develop more cost-effective screening strategies.

The median age in both groups was 59 years old. Velázquez et al.[26] demonstrated that an age of ≥ 55 years is 
an independent risk factor for HCC among patients with cirrhosis and HCV. Other published data suggest 
a higher incidence of HCC from the age of 60[6]. Lok et al.[27] also found that older age is a predictive factor 
for HCC development. The HCC group (31 patients) had male:female ratio of 1.8:1; this finding is consistent 
with data from the literature showing that the prevalence of HCC is 2 to 4 times higher in male patients[24].

We found no differences in liver related outcomes, such as ascites, spontaneous bacterial peritonitis, 
esophageal varices, variceal bleeding or hepatic encephalopathy between groups. This suggests that HCC 
does not alter the pathogenesis of the early clinical stages of HCV-related cirrhosis in more advanced stages. 
A previous study showed that hepatic encephalopathy and ascites were not related to the development of 
HCC, although esophageal varices were[28]. The latter was also observed by Lok et al.[27]. Bolondi et al.[29] 
assessed the cost-effectiveness of HCC screening by comparing 313 patients with cirrhosis and 104 patients 
with cirrhosis and HCC, and identified the functional classes Child-Pugh B and C as independent risk 
factors for HCC. Our results are different, possibly due to the small number of patients and also because 
most of them had preserved liver function (Child-Pugh A). However they do point to the need for 
identifying multiple risk factors, beyond the clinical stage of cirrhosis to allow earlier identification of risk. 
This is of great importance in improving the management and prognosis of patients with HCC.

Sustained virological response (SVR) occurred in 24% of the control group, while no patients in the HCC 
group exhibited SVR. Several studies have demonstrated the beneficial impact of HCV clearance with 
interferon in reducing HCC occurrence[30]. In a multiple logistic regression analysis, AFP, ALT and platelet 
count were related to higher risk of HCC. In our previous cohort study of patients with cirrhosis, we found 
the following risk factors for HCC; AFP > 20 ng/mL, albumin < 3.4 g/dL and patients of East Asian ethnicity 
as the best of seven possible models applied to predict HCC risk[16]. In the present study AFP > 20 ng/mL 
was confirmed as a predictive risk factor for the presence of HCC. The diagnostic importance of AFP has 
been the subject of much scientific debate in recent years. In some studies, a high base value of AFP has been 
considered a risk factor for HCC, with a cut-off level of 20 ng/mL for determining groups of high and low 
risk[29]. AFP levels above 400 ng/mL in the presence of a hepatic nodule in imaging finding, is a conclusive 
HCC diagnosis[28]. However, small HCC tumors (< 2 cm) involve low-level secretion of AFP and thus, in most 
cases the patients cannot be diagnosed using this test alone[31]. In a prospective study, Tong et al.[32] analyzed 
31 patients with cirrhosis and hepatitis B virus or HCV who had developed HCC; they found AFP values 
above 400 ng/mL in only 4(13%). It is important to note that the AFP levels may be higher in individuals 
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with chronic viral hepatitis (B or C), but without HCC compared with similar patients with other etiologies 
of cirrhosis. This is caused by the inflammatory activity and hepatocyte regeneration in the most severe 
cases of viral hepatitis. Gupta et al.[31] conducted a systematic review evaluating AFP as an instrument for 
the detection of HCC in patients with hepatitis C; they concluded that AFP has limited utility in this setting. 
Most authors have found that an isolated measurement of serum AFP levels had limited success for early 
HCC screening[14,33], but even small changes in AFP levels may be a predictor for HCC[34,35]. In fact, dynamic 
AFP measurement could identify patients at higher risk of HCC occurrence, as recently shown by Bird et al.[36]. 

Early HCC detection remains challenging, but novel serum biomarkers are under evaluation, such as 
microRNAs (miRNAs)[37,38], creatine/betaine ratio[39], the combination of chaperonin containing TCP1 
complex (CCT) and IQ-motif-containing GTPase-activating protein-3 (IQGAP3)[40] and circulating c-Myc 
and p53 proteins[41]. 

The lower blood platelet count in HCC patients can be explained by a longer evolution of chronic liver 
disease with subsequent advanced portal hypertension and hypersplenism. Velázquez et al.[26] showed that 
platelet count < 75,000/mm3 was an independent positive predictive value for HCC development. In this 
analysis, the cut-off level for platelet count was 100,000/mm3 according to previously defined levels[42,43]. Lok et al.[27] 
also demonstrated the association of HCC risk with low platelet count through the HALT-C study cohort. 
In a recent prospective study of the ANRS CO12 CirVir cohort including 1323 patients with HCV cirrhosis, 
Ganne-Carrié et al.[44] found five variables independently associated with HCC development at 1, 3, and 
5 years: age > 50 years, past excessive alcohol intake, GGT above the upper limit of normal, absence of 
SVR during follow-up and platelets < 100,000/mm3. The latter was also evidenced in our work and in the 
retrospective study by Noh et al.[45] as a predictor of HCC.

This study found that serum levels of ALT, AFP and platelet count could be used to determine the risk of 
small HCC with a sensitivity of 81% and specificity of 60%. The major strength of this formula is the tests are 
easy to apply, and the score is simple to calculate. Therefore, this model is an auxiliary tool for identification 
of patients with HCV at elevated risk of HCC by applying a formula with three serum exams used in routine 
outpatient clinical practice throughout the world. An even better application of the aforementioned model 
would be to rule out the presence of small HCC in the initial evaluation of the patient, since the negative 
predictive value was 99.1% for those stratified as low risk (a score of 26). For example, in a patient with HCV 
and cirrhosis, the presence of two abnormal variables, imply a higher risk of HCC with a score of 54. In 
another hypothetical scenario with a patient score of 26, due to no abnormal variables, the patient could 
be excluded from the high risk group. For maximization of the specificity of the model score, the cut-off of 
100 reflects, for instance, the three abnormal variables. We tested the score performance based on a HCC 
prevalence of 3% (Brazil) and in another scenario with an HCC prevalence of 10% (Japan), showing that the 
higher the HCC prevalence, better the score performs in identifying individuals with HCC. Recently, El-
Serag et al.[34] proposed models to predict HCC risk with the same variables we found (AFP > 20 ng/mL, 
platelets < 100,000/mm3 and higher ALT) from the analysis of the change in AFP values according to HCC 
development. Flemming et al.[46] evaluated a risk model using six baseline clinical variables, including age, 
diabetes, gender, ethnicity, etiology of cirrhosis, and severity of liver dysfunction independently associated 
with HCC occurrence. The authors showed C-indices of 0.704 and 0.691 in the derivation and internal 
validation cohorts, respectively[46]. By comparison, the score proposed in this paper achieved a C-index of 0.79 
(0.7-0.89). Attallah et al.[47] reported the simplified HCC-ART score for HCC detection in chronic hepatitis 
C patients from Egypt based on age, AFP, AST/ALT ratio, albumin and alkaline phosphatase. The AUROC 
curve for discriminating patients with HCC (n = 227) from those with liver cirrhosis (n = 341) was 0.95. Like 
our work, they used easily obtainable laboratory tests.

Our study is somewhat limited by the fact that the model score was developed only on a Brazilian HCV 
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population between ages of 38 and 77 years, and still requires external validation with other etiologies, but 
a bootstrap internal validation was applied and we accessed the optimal diagnostic measures such that our 
model score is still useful, practical, readily available and easy to apply in primary or tertiary health centers 
in developing countries. 

In conclusion, a score model was created from the results of the case control study based on serum levels of 
ALT, AFP and platelet count. This score facilitates the identification of patients with small diameter HCC (≤ 3 cm), 
and mainly those at lowest risk of its presence in the absence of ALT, AFP and platelet count alterations 
in the thresholds defined in this study. The score is not intended to predict HCC development. Instead, its 
strength is to rule out small HCC in HCV cirrhotic patients, considering that the negative predictive value 
of those classified as low risk of HCC presence was 99.1%. This information may assist screening strategies in 
the population of patients with HCV-related cirrhosis. Further studies in other populations, including non-
HCV related cirrhosis are needed to address its role in HCC detection.
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