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Aim: This study aimed to evaluate if clinical or radiographic findings can be used for hepatocellular
carcinoma (HCC) diagnosis particularly in high-risk patients. Methods: This was a prospective study and
evaluated factors associated with HCC. Results: There were 260 patients met the study criteria: 219 patients
(84.23%) were HCC. Two factors significantly associated with HCC: portal vein invasion and the largest mass
size. The cutoff point for the largest mass size of 2 cm or over gave sensitivity and specificity for HCC of
83.56 and 87.80%, respectively. Conclusion: Portal vein invasion and the largest liver mass of 2 cm or over
may be diagnostic factors for HCC in high-risk patients, while clinical factors were not suggestive for HCC.

Plain language summary: Radiographic findings are suggestive for liver cancer and can be used to
diagnose liver cancer in patients at risk for liver cancer.
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Hepatocellular carcinoma (HCC) is a common cancer with a rising in its trend. In the USA, the incidence of HCC
is three-times higher than the past three decades with at least 20,000 new cases [1]. The incidence of HCC has
sex and race disparities: the highest rate in Asians, particularly Chinese men, with the incidence of 18.6/100,000
population [1–3]. A report from Germany found that HCC in males is four-times more common than HCC
in females [4]. Patients with HCC tend to have end of life care in hospitals with a proportion of 15.2% of patients
with the short survival time of 1.8 months in advanced stage if left untreated [5,6].

Risk factors include cirrhosis and hepatitis B/C virus varied among countries [3,7,8]. In India, cirrhosis was found
in 99.2% of patients with HCC, while hepatitis B virus infection was found in 81.3% [7,8]. The study from Germany
found HCC related with hepatitis virus in 51.9% of patients [4]. Serum alpha-fetoprotein (AFP) is used to diagnose
HCC as well as other biomarkers such as protein induced by vitamin K absence-II or antagonist (PIVKA-II) [7,9].
Additional to pathological diagnosis, computed tomography (CT) or MRI can be used to diagnosis HCC [10,11].
The sensitivity of these radiographic modalities was between 65 and 79%. This study aimed to evaluate if clinical
or radiographic findings can be used for HCC diagnosis, particularly in high-risk patients.

Methods
This was a prospective study conducted at the University Hospital, Khon Kaen University, Thailand. The inclusion
criteria were patients with an age of 18 years or over with a high risk for HCC. The high risk for HCC was
defined by the American Association for the Study of Liver Disease guideline for HCC management [12]: cirrhosis
or presence of liver nodule (s) of 1 cm or over in size. Those with pregnancy, obstructive jaundice, vitamin K or
warfarin administration and presence of extrahepatic malignancy were excluded.

Data were collected as follows: baseline characteristics, laboratory results and radiographic findings. Baseline
characteristics included age, sex, etiology of cirrhosis, comorbid diseases and the Child–Pugh score for cirrhosis.
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Table 1. Baseline characters of patients with high risk for hepatocellular carcinoma (HCC) categorized by diagnosis
of HCC.
Factors HCC (n = 219) Non-HCC (n = 41) p-value

Age, years 59 (54–64) 57 (52–61) 0.143

Male sex, n (%) 181 (82.60) 30 (73.20) 0.154

Etiology 0.686

HBV 83 (37.90) 15 (36.60)

HCV 94 (42.90) 20 (48.00)

HBV plus HCV 4 (1.80) 2 (4.90)

NAFLD 13 (5.90) 1 (2.40)

ALD 24 (11.00) 3 (7.30)

AIH 1 (0.50) 0

Co-morbid diseases 0.471

None 164 (74.90) 29 (70.70)

Diabetes 29 (13.20) 9 (22.00)

Hypertension 10 (4.60) 2 (4.90)

Cirrhosis 217 (99.09) 39 (95.12) 0.036

Child-Pugh score A 174 (79.50) 37 (90.20)

Child-Pugh score B 34 (15.50) 2 (4.90)

Child-Pugh score C 9 (4.10) 0

HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; NAFLD: Nonalcoholic fatty liver disease; ALD: Alcoholic liver disease; AIH: Autoimmune hepatitis.

Laboratory tests in the study were platelet count, serum creatinine, prothrombin time, liver function test and AFP.
Radiographic findings were numbers of liver mass, the largest mass size (cm) and portal vein invasion. Liver masses
were measured by diameter by official radiologists who reported independently and blindly to clinical data. Portal
vein invasion defined by filling defect in portal vein evidence by CT. The HCC diagnosed by either confirmation by
pathological findings or CT findings of arterial hypervascularity followed by washout of contrast at venous and/or
delayed phase [12]. An MRI was used as an additional tool for HCC diagnosis.

Sample size calculation
The previous study found vascular invasion of 31% [5]. An expected vascular invasion in patients with high-risk for
HCC of 50%. With a confidence of 95% and power of 90%, the estimated sample size was 276 patients.

Statistical analyses
Patients were categorized by the presence of HCC: "HCC" or "non-HCC" group. Descriptive statistics were used to
calculate differences between these two groups. Factors associated with HCC were analyzed by multivariate logistic
regression analysis. Unadjusted/adjusted odds ratio (OR) and its 95% CI of each predictor were reported. The
final model for predictive of HCC was tested for goodness of fit by the Hosmer–Lemeshow method. A numerical
predictor for HCC was computed for appropriate diagnostic cutoff point by a receiver-operating characteristic
(ROC) curve. Results of the numerical predictors were shown area under ROC curve with the 95% CI and
sensitivity and specificity for best cutoff point. All statistical analyses were performed using STATA software version
10.1 (TX, USA).

Results
During the study period, there were 260 patients that met the study criteria. Of those, 219 patients (84.23%)
were categorized into the HCC group. The diagnosis for non-HCC group included a dysplastic nodule (25
patients), regenerative nodule (eight patients), hemangioma (five patients), liver cyst (one patient), fibronodular
hyperplasia (one patient) and hepatic adenoma (one patient). For baseline characteristics, only proportion of
cirrhosis classification was different between both the groups (p = 0.036). The HCC group had higher proportion
of patients with Child–Pugh B and C (19.60 vs 4.90%) as shown in Table 1. Regarding laboratory results, only
platelet count and serum creatinine level were not significantly different between both the groups (Table 2). The
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Table 2. Laboratory results of patients with high risk for hepatocellular carcinoma (HCC) categorized by diagnosis
of HCC.
Factors HCC (n = 219) Non-HCC (n = 41) p-value

Platelet x 103/mm3 149 (101–224) 130 (110–192) 0.388

Creatinine (mg/dl) 0.94 (0.79–1.16) 0.92 (0.81–1.10) 0.695

Prothrombin time (s) 12.50 (11.60–13.50) 11.70 (11.00–12.50) �0.001

Albumin (g/dl) 3.80 (3.30–4.30) 4.40 (3.70–4.70) �0.001

Bilirubin (mg/dl) 1 (0.70–1.80) 0.70 (0.60–1.00) 0.003

Alanine aminotransferase (U/l) 55 (31–88) 32 (21–72) 0.005

Aspartate transaminase (U/l) 82 (45–145) 42 (23–67) �0.001

Alpha-fetoprotein (IU/ml) 118.60 (10.20–3326.60) 4.1 (1.90–14.60) �0.001

Radiographic findings

Number of liver nodules, n (%) 0.012

1 129 (58.90) 27 (65.90)

2 44 (20.10) 2 (4.90)

3 7 (3.20) 5 (12.20)

≥4 39 (17.80) 7 (17.10)

Largest size, n (%) �0.001

≤3 cm 83 (37.90) 39 (95.10)

�3 cm 136 (62.10) 2 (4.90)

Portal vein invasion, n (%) �0.001

No invasion 140 (63.93) 41 (100)

Main portal vein invasion 56 (25.57) 0

Nonmain portal vein invasion 23 (10.50) 0

Data presented as median (range) unless indicated otherwise.
HCC: Hepatocellular carcinoma.

High-risk patients
(n = 260)

HCC
(n = 219; 84.23%)

Non-HCC
(n = 41; 15.77%)

PVI
(n = 79, 36.07%)

Size > 3 cm
(n = 136; 62.10%)

PVI
(n = 0)

Size > 3 cm
(n = 2; 4.90%)

Figure 1. Study flow chart of patients with high risk for hepatocellular carcinoma and numbers of patients with
portal vein invasion and size of over 3 cm.
HCC: Hepatocellular carcinoma; PVI: Portal vein invasion.

HCC group had more proportions of patients with the largest mass size over 3 cm and portal vein invasion than
the non-HCC group (62.10 vs 4.90% and 36.07 vs 0%, respectively) as shown in Figure 1.

The predictive model for HCC showed that two factors were significantly associated with HCC: portal vein
invasion and the largest mass size. Portal vein invasion perfectly predicted HCC: OR and 95% CI were not
calculated. The adjusted OR (95% CI) for the largest mass size over 3 cm was 3.37 (1.89, 6.02) as shown in
Table 3. The final predictive model has Hosmer–Lemeshow Chi square of 13.73 (p = 0.06). The cutoff point for
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Table 3. Factors predictive of hepatocellular carcinoma in patients with high risk for hepatocellular carcinoma.
Factors Unadjusted odds ratio (95% CI) Adjusted odds ratio (95% CI)

Age 1.03 (0.99, 1.08) 1.05 (0.99, 1.01)

Sex 1.74 (0.80, 3.78) 1.65 (0.51, 5.31)

HBV or HCV infection 0.51 (0.17, 1.53) 0.72 (0.17, 3.04)

Child–Pugh score 1.25 (0.65, 2.37) 2.22 (0.30, 16.49)

Prothrombin time 1.62 (1.20, 2.18) 1.38 (0.86, 2.23)

Albumin 0.32 (0.18, 0.58) 0.92 (0.35, 2.40)

Bilirubin 1.97 (1.14, 3.39) 1.23 (0.76, 1.99)

ALT 1.01 (1.00, 1.02) 1.00 (0.98, 1.01)

AST 1.01 (1.00, 1.02) 0.99 (0.99, 1.01)

AFP 1.00 (1.00, 1.00) 1.00 (0.99, 1.01)

Number of mass 0.99 (0.74, 1.33) 0.78 (0.51, 1.18)

Largest mass size, cm 3.84 (2.23, 6.59) 3.37 (1.89, 6.02)

HBV: Hepatitis B virus; HCV: Hepatitis C virus; ALT: Alanine aminotransferase; AST: Aspartate transaminase; AFP: Alpha-fetoprotein.
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Figure 2. A receiver-operating characteristic curve of largest mass size for hepatocellular carcinoma in patients with
high risk for hepatocellular carcinoma.

the largest mass size of 2 cm or over gave sensitivity and specificity for HCC of 83.56 and 87.80% with the area
under the ROC curve of 90.48% (95% CI: 85.97–94.98) as shown in Figure 2.

Discussion
This prospective study showed that radiographic findings were more predictive for HCC than other clinical findings:
portal vein invasion and the largest mass size.

As previously reported, cirrhosis was the most common risk factor for HCC in this study (98.46%) but somewhat
lower than the study from India (99.2%) [7]. Hepatitis B and C viruses were also common in this study (83.84%).
Etiologies of HCC were comparable with the previous studies from Asian countries: India and Vietnam but different
from the European country Germany [4,7,8].

Even though there were several factors associated with HCC both clinical and radiographic factors (Tables 1 &
2), only portal vein invasion and the largest mass size were independently associated with HCC after being adjusted
with other factors (Table 3). Portal vein invasion, a sign for HCC staging, is an indicator for stage IIIB in TNM
staging system and prognostic factor [13,14]. Additionally, portal vein thrombosis was associated with survival and
treatment [15]. Diagnosis of portal vein thrombosis may be better if using a diffusion-weighted MRI [16]. This study
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found that filling defect at portal vein by CT was an indicator for HCC diagnosis. However, this filling defect may
be either portal vein thrombosis or portal vein invasion. Note that rate of portal vein invasion in this study was
found in 36.10%, which was comparable with the previous study (31%) [5].

As previously reported, average HCC mass size was 5.3 cm [7]. In this study, we also found that most of patients
with HCC had the largest size of over 3 cm (62.10%) as shown in Table 2. This factor was also independently
indicated HCC diagnosis with good sensitivity and specificity if the largest size of mass was 2 cm or over (Figure 1).
As stated by the guidelines, liver mass size over 1 cm by surveillance is high-risk for HCC [12,17]. This study adds
that if the size of over 2 cm, the risk for HCC diagnosis was 3.37-times higher in high-risk patients (Table 3).

There are some limitations in this study. First, as HCC is a disparity disease. The results of this study may be
applied for those with similar causes of HCC. Second, some factors were not studied such as PIVKA-II. Third, the
diagnosis of HCC was made mainly by typical CT [12]. Those with atypical CT findings may be missed. However,
47 patients and five patients underwent an MRI and biopsy to define HCC diagnosis. Additionally, the diagnosis
non-HCC group was shown in the results. Finally, the results may not be specific to any causes of HCC as there
were several causes of cirrhosis/HCC enrolled (Table 1).

Conclusion
In conclusion, portal vein invasion and the largest liver mass of 2 cm or over may be diagnostic factors for HCC
in high-risk patients, while clinical factors were not suggestive for HCC.

Summary points

• Radiographic findings are more suggestive for hepatocellular carcinoma (HCC) than clinical factors.
• Portal vein invasion is suggestive for diagnosis of HCC in high-risk patients.
• Liver mass of 2 cm or over is suggestive for diagnosis of HCC in high-risk patients with sensitivity of 83.56%.
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