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BACKGROUND: Early recurrence of hepatocellular carcinoma 
(HCC) is associated with worse prognosis after liver resection. 
This study aimed to investigate the prognostic value of com-
mon liver enzyme markers in HCC early recurrence after cu-
rative hepatectomy and to establish a simple predictive model 
for HCC early recurrence.

METHODS: A total of 200 patients who had undergone curative 
resection for HCC were retrospectively analyzed. The patients 
were divided into early recurrence (within 2 years) and non-early 
recurrence groups. Demographical characteristics, preopera-
tive liver function parameters, surgical factors and tumor 
related factors of the patients were assessed by univariate 
analysis to identify potential significant predictors for early 
recurrence after resection of HCC. Parameters with statisti-
cal significance were entered into a Cox proportional hazard 
model to find independent risk factors. Receiver operating 
characteristic analysis was done to determine optimal cut-off 
values and the number of combined factors in multi-factor 
predictive model.

RESULTS: Of 13 potential risk factors for early recurrence 
identified by univariate analysis, high lactate dehydrogenase 
(LDH>206 U/L, HR=1.711, P=0.006), high aspartate amino-
transferase (AST)/alanine aminotransferase (ALT) ratio (AST/
ALT>0.96, HR=1.769, P=0.006), elevated alpha-fetoprotein 

(AFP>8.6 ng/mL, HR=2.079, P=0.007), small resection margin 
(≤1 cm, HR=2.354, P<0.001) and advanced TNM stage (TNM 
III-IV, HR=2.164, P<0.001) were independent risk factors for 
early recurrence of HCC shown by multivariate analysis. Pa-
tients with three or more concurrent independent risk factors 
had significantly higher risk for early recurrence than those 
with low risk factors. The sensitivity and specificity of this 
predictive model are 53.6% and 80.7%, respectively (area un-
der curve=0.741, 95% CI 0.674-0.800, P<0.0001).

CONCLUSIONS: Preoperative common liver enzyme markers, 
LDH and AST/ALT ratio, were independently associated with 
early recurrence of HCC. The combination of serum liver en-
zyme markers with AFP, resection margin and TNM stage bet-
ter predicted early recurrence of HCC after curative resection 
in a simple multi-factor model.

(Hepatobiliary Pancreat Dis Int 2015;14:178-185)
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Introduction

Hepatocellular carcinoma (HCC) is one of the most 
prevalent cancers with an increasing incidence 
worldwide.[1] In recent decades, hepatectomy has 

become a safe and effective procedure for HCC with a low 
perioperative mortality.[2] Although hepatectomy remains 
a most frequently used curative therapy for HCC, long-
term prognosis after liver resection remains unsatisfac-
tory because of a high incidence of recurrence.[3, 4] Tumor 
recurrence after hepatectomy may originate from either 
intrahepatic metastasis of primary HCC or de novo car-
cinogenesis from the remnant liver, which could be dis-
criminated by different time of recurrence and different 
risk factors. The prognosis of patients who suffer from 
early recurrence is extremely dismal.[4] Therefore, early 
recurrence is considered as an important adverse prog-
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nostic factor after curative therapy for HCC.[5, 6]

Since early recurrence is associated with worse clini-
cal outcome, identifying patients at high risk for early 
recurrence may help improving the prognosis of this 
population by active surveillance, prevention and treat-
ment of recurrent disease. Although studies[4, 7] suggested 
tumor pathologic factors and types of surgery[8, 9] as risk 
factors for early recurrence of HCC, the use of these pa-
rameters is of technical difficulties and could not dynam-
ically predict recurrence risk in daily medical practice. In 
this study, we investigated whether widely-available liver 
enzyme tests in combination with other readily-available 
clinical parameters could predict early recurrence of 
HCC.

Methods
Patients

The patients who had undergone curative resection for 
HCC at the Department of Hepatobiliary Surgery, the 
Affiliated Drum Tower Hospital of Nanjing University 
Medical School between May 2007 and May 2011 were 
retrieved from a prospectively maintained database and 
were analyzed retrospectively. Only patients with com-
plete follow-up data and required clinical information 
were included. The data of the patients were collected 
and cross-checked by two authors (WZX and JCP) and 
reviewed by a senior author (DYT) for determination 
of inclusion. Reasons for exclusion included previous 
surgical interventions for primary HCC at other institu-
tions, loss of required data, unavailable follow-up data, 
perioperative mortality and non-curative resections, 
etc. Finally, 200 patients were enrolled in this analysis. 
Curative resection was defined as complete excision of 
HCC without identifiable gross or microscopic tumor 
and no residual tumor demonstrated by ultrasonogra-
phy (US) or contrast-enhanced computed tomography 
(CT) at one month after surgery. Diagnosis of HCC was 
confirmed by at least two pathologists. This study was 
approved by the Institutional Ethics Committee of the 
Affiliated Drum Tower Hospital of Nanjing University 
Medical School. The principles outlined in the Declara-
tion of Helsinki were followed.

Follow-up

The patients were followed up regularly in our out-
patient clinic. Monthly serum alpha-fetoprotein (AFP) 
tests were conducted in the first three months postopera-
tively. Regular serum AFP, chest X-ray and abdominal US 
or contrast-enhanced CT was done at least every three 
months in the first two years. The patients were followed 
up every six months during the 3rd to 5th years. After 

five years, the patients were asked to visit outpatient clin-
ic annually. Recurrence was diagnosed when recurrent 
tumor was confirmed by imaging. Recurrence within two 
years after surgery was determined as early recurrence.[5, 10]

Analyzed parameters

The parameters included in the analysis were cat-
egorized into patient characteristics, preoperative liver 
function markers, surgical factors and tumor-related 
factors. Patient characteristics included gender, age, body 
mass index (BMI), hypertension, diabetes, smoking, and 
alcohol consumption. Status and type of hepatitis were 
recorded. HBV DNA was quantitatively determined and 
analyzed in HBV-infected patients.

Preoperative serum liver enzyme tests were regularly 
conducted. Parameters used in this analysis included 
alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), lactate dehydrogenase (LDH), γ-glutamyl 
transpeptidase (GGT), alkaline phosphatase (ALP), total 
bilirubin (TBIL), direct bilirubin (DBIL), cholinesterase 
(CHE), albumin (ALB), prothrombin time (PT), inter-
national normalized ratio (INR) and AST/ALT ratio. 
The status of cirrhosis, portal hypertension and detect-
able ascites were examined. The diagnosis of portal hy-
pertension was established according to the criteria of 
Barcelona Clinic Liver Cancer (BCLC) group defined as 
the presence of either esophageal varices detected by en-
doscopy or splenomegaly (major diameter >12 cm) with 
platelet count less than 100 000/mm3.[11] Child-Turcotte-
Pugh (CTP) classification and Model for End-stage Liver 
Disease (MELD) score were also evaluated.

Surgical factors subjected to analysis included the use 
of vascular occlusion, total blood loss, blood transfusion, 
and the distance from resection margin to tumor. Hepa-
tectomies involving three or more segments were defined 
as major resections. Liver resections of less than three 
segments, wedge resections or tumor enucleations were 
defined as minor resections. 

Tumor related clinicopathologic factors that poten-
tially associated with HCC recurrence were analyzed. The 
parameters included preoperative serum AFP level (upper 
limit in our hospital: 5 ng/mL), size of tumor, number 
of tumor, tumor capsule, microvascular invasion, mac-
rovascular invasion, adjacent organ invasion and differ-
entiation of HCC (categorized by poor/moderate/well or 
Edmonson-Steiner grade I-II/III-IV). TNM staging was 
performed according to the American Joint Committee 
on Cancer Staging Manual (7th edition). BCLC stage was 
determined as previously described.[12] 

Statistical analysis

Univariate analysis was used to identify potential risk 
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