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Abstract

Objective: To investigate the risk factors of early postoperative recurrence in patients with

single and small (�3 cm) hepatitis B virus-associated primary hepatocellular carcinoma (HBV-

HCC).

Methods: This retrospective study analyzed patients with single and small HBV-HCC. All

patients were followed up for 1 year after surgery.

Results: Among 182 patients, 54 patients had early recurrence within 1 year. The recurrence

group had higher proportions of men, drinking history, Child–Turcotte–Pugh (CTP) class C,

patients who underwent transarterial chemoembolization (TACE), and serum alpha-fetoprotein

(AFP) >10 ng/mL as well as higher gamma-glutamyl transpeptidase (GGT) levels and lower total

protein (TP) and CD8þ T lymphocyte levels than the no recurrence group. Cox multivariate

regression analysis demonstrated that drinking history (HR, 1.312; 95% CI, 1.042–1.652), CTP

class C (HR, 1.236; 95% CI, 1.037–1.473), TACE treatment (HR, 1.241; 95% CI, 1.026–1.501),

GGT (HR, 1.138; 95% CI, 1.042–1.243), TP (HR, 0.729; 95% CI, 0.555–0.957), and AFP (HR,

2.519; 95% CI, 1.343–4.726) were independently associated with early postoperative recurrence.

Conclusion: Drinking history, CTP class C, TACE, serum AFP, GGT, and TP levels were

independently associated with early postoperative recurrence in patients with single and small

HBV-HCC.
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Introduction

A survey that was conducted in 2015
showed that there were 782,500 new cases
of hepatocellular carcinoma (HCC) and
745,500 HCC-related deaths that occurred
worldwide in 2012. The proportion of new-
onset HCC and death in China was high,
accounting for more than 50% of the global
total cases.1 About 350 million people
worldwide are infected with chronic hepati-
tis B virus (HBV).2 In China, HBV infec-
tion is the main cause of HCC. Therefore,
treatment, postoperative recurrence, and
survival of hepatitis B virus-associated
hepatocellular carcinoma (HBV-HCC) are
hotspots and remain a top priority for
researchers.3 With the improvement of
imaging technology, the detection rate of
primary small HCC has been increasing.4,5

Studies have shown that the recurrence rate
of small HCC is still high after treatment.6,7

Previous studies have shown that risk fac-
tors affecting postoperative recurrence of
HCC included tumor size, tumor with or
without capsule, microvascular invasion,
cirrhosis, alpha-fetoprotein (AFP) >400
lg/L, and antiviral drugs.8–11

There have been few studies on the risk
factors of survival or recurrence in patients
with single and small (�3 cm) hepatitis B
virus-associated hepatocellular carcinoma
(HBV-HCC). Most of the patients with
single and small HCC were in the early
stage, and the clinical symptoms were
mild. The survival rate of these patients
after treatment was acceptable. However,

the occurrence of HBV-HCC is a multistep
process that involves multiple genetic alter-
ations.12,13 Early or late recurrence after
primary HCC resection directly influenced
the long-term prognosis.14 Therefore, it is

important to explore the factors that influ-
ence postoperative recurrence in patients
with single and small (�3 cm) HBV-HCC,
to provide evidence for screening of patients
who are at a high-risk of recurrence and to
predict clinical prognosis.

The definition of early and late recur-
rence after HCC surgery remains controver-
sial. Cheng et al.15 studied 918 patients with
HCC resection in the Shanghai Eastern
Hepatobiliary Surgery Hospital between
2000 and 2010 in China, and recurrence
within 2 years after surgery was considered
to be early recurrence. However, Park

et al.16 studied 356 Korean patients who
underwent hepatectomy in the Samsung
Medical Center between 2000 and 2003,
and the results showed that the overall sur-
vival rate of patients who had recurrence
within 6 months was significantly lower
than for those who had recurrence after 6
months. Therefore, recurrence within 6
months was considered to be early recur-

rence and recurrence beyond 6 months
was considered to be the late recurrence.
Imamura et al.17 suggested that 1 year
after surgery was the dangerous period for
postoperative recurrence in HCC patients.
Clinical practice guidelines recommend 2
years as the cutoff point between early
and late recurrence based on the viewpoint

2 Journal of International Medical Research



that early recurrence (<2 years) is caused by
intrahepatic metastases, and late recurrence
(>2 years) is caused by multicentric occur-
rence.18 Because we retrospectively ana-
lyzed Asian patients with single and small
(�3 cm) HBV-HCC, early recurrence
within 1 year after surgery was considered
to be early recurrence. The aim of this study
was to explore the risk factors affecting the
postoperative recurrence within 1 year after
surgery in patients with single and small
(�3 cm) HBV-HCC.

Patients and methods

Study design and patient population

Data from patients who were initially diag-
nosed with single and small (�3 cm) HBV-
HCC at the Department of Hepatology,
Qingdao No. 6 People’s Hospital between
January 2016 and February 2018 were ret-
rospectively analyzed. The inclusion criteria
were as follows: (i) patients with single and
small (�3 cm) HBV-HCC; (ii) 18 to 75
years of age; and (iii) patients received sur-
gical treatment and were followed up for at
least 1 year. The exclusion criteria were as
follows: (i) patients with hepatitis C virus
(HCV) or human immunodeficiency virus
(HIV) infection; (ii) patients with severe
heart, lung, brain, kidney insufficiency or
other serious organ diseases; (iii) patients
with severe mental illness; (iv) pregnant or
lactating women; or (v) patients with
incomplete clinical data. Diagnostic criteria
for HCC in most patients was confirmed by
histopathology, and some patients had a
clinical diagnosis (using at least two kinds
of imaging [hepatic angiography, magnetic
resonance imaging, computed tomography,
or liver ultrasound] that showed a
definite lesion or one kind of imaging that
indicated HCC with a serum AFP level
�400 ng/mL).19

The study was approved by the ethics
committee of Qingdao No. 6 People’s

Hospital. The need for individual consent

was waived by the committee due to the

retrospective nature of the study.

Data extraction

Baseline data were collected from patients’

medical records, including age, gender, sur-

gical method, smoking history (defined as

current smokers and patients who quit

smoking within the last 5 years), drinking

history (defined as patients who had con-

sumed 50 mL or more of alcohol per day

for more than 1 year), family medical his-

tory, tumor size, with or without cirrhosis,

Child–Turcotte–Pugh (CTP) score, and

Model for End-Stage Liver Disease

(MELD) score.20 Relevant laboratory indi-

cators were also collected, including white

blood cells (WBC), hemoglobin (HGB),

CD8þ lymphocytes, neutrophil-to-

lymphocyte ratio (NLR), alanine transami-

nase (ALT), aspartate amino, transferase

(AST), gamma-glutamyl transpeptidase

(GGT), total bilirubin (TBIL), total protein

(TP), serum albumin (ALB), creatinine

(Cr), prothrombin time (PT), HBV-DNA,

and AFP.

Treatment

In accordance with international guide-

lines,21 patients were recommended to

receive radical treatment to remove the

tumor, including resection and radiofre-

quency ablation (RFA). However, there

were still some patients who underwent

transarterial chemoembolization (TACE)

as the locoregional treatment for various

reasons including generally poor hepatic

function and surgical contraindications,

and this treatment strategy was consistent

with the Chinese guidelines for HCC

treatment.22,23
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Follow-up and outcomes

The follow-up period was 1 year after sur-

gery in patients with single and small HBV-

HCC, and the outcome was recurrence

within the first year after surgery. Serum

AFP was measured and liver ultrasound

was conducted every 3 to 6 months, and

CT/MRI examinations were conducted if

necessary. Recurrence was defined as fol-

lows: (i) new lesions that were found in

the original tumor bed and in its surround-

ings or in other parts of the liver; or (ii)

imaging findings of new lesions that were

consistent with primary HCC.24,25

Statistical analyses

The Kolmogorov–Smirnov method was

performed for the normality test.

Quantitative data with a normal distribu-

tion were presented as the mean� standard

deviation (mean� SD), and two groups

were compared using the Student’s t-test.

Data that were not normally distributed

were expressed as the median (range), and

the Mann–Whitney U test was used for

comparisons between the two groups.

Count data were expressed as the frequency

and compared using the chi-squared or

Fisher’s exact test. The Kaplan–Meier

method was used to draw the recurrence

rate curve, and the log-rank method was

used to compare the difference of the recur-

rence rate between the two groups.

Univariate and multivariate analyses

(Entered method) were performed using

the Cox proportional hazard model to

explore the independent risk factors affect-

ing postoperative early recurrence within

1 year in single and small HBV-HCC.

SPSS version 19.0 (IBM Corp., Armonk,

NY, USA) was used for statistical analysis.

A two-sided P value <0.05 was considered

to be statistically significant.

Results

Baseline characteristics

As illustrated in Figure 1, 44 patients were

excluded during the screening process (25

patients had concomitant HCV or HIV

infection; two patients had concomitant

severe systemic diseases or other important

dysfunction in organs such as heart, lung,

brain, or kidney; one patient had concomi-

tant severe mental illness; one patient was

pregnant or in the lactation period; and 15

patients had incomplete clinical data).

Finally, 182 patients who met the inclusion

and exclusion criteria were analyzed.
There were 182 patients with single and

small HBV-HCC who met the inclusion and

exclusion criteria, and they were included in

the study. Among these patients, 129

patients (70.9%) were men and 53 patients

(29.1%) were women. Fifty-four patients

had early recurrence within 1 year, and

the recurrence rate was 29.7%. The clinical

characteristics between the two groups were

compared, and baseline data are shown in

Table 1. The average age of disease onset

was 56.6� 9.3 years. Compared with the no

recurrence group, the recurrence group had

higher proportions of men (44 [81.5%] vs.

85 [66.4%], P¼ 0.041) or drinking history

(21 [38.9%] vs. 28 [21.9%], P¼ 0.027).

Compared with patients in the no recur-

rence group, the recurrence group had

higher proportions of patients with CTP

class C (18.5% vs. 6.3%; P¼ 0.038) or

TACE (44.4% vs. 24.9%; P¼ 0.011).

However, the proportion of patients with

radical therapy (including RFA [15.6% vs.

7.4%] and radical resection [18.8% vs.

9.3%]; P¼ 0.011) was higher in the no

recurrence compared with the recurrence

group. TACE as the initial therapy was per-

formed in 52 patients because they had

poor hepatic function (n¼ 25) and surgical

contraindications (n¼ 27).
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Table 1. Comparison of baseline data between the recurrence and no recurrence groups.

Variables

Recurrence

group (n¼ 54)

No recurrence

group (n¼ 128) P value

Age (year), mean� SD 55.6� 10.2 57.3� 8.4 N.S.

Gender (male), n (%) 44 (81.5%) 85 (66.4%) 0.041

Drinking history, n (%) 21 (38.9%) 28 (21.9%) 0.027

Smoking history, n (%) 18 (33.3%) 36 (28.1%) N.S.

Family history, n (%) 19 (35.2%) 38 (29.7%) N.S.

CTP class, n (%) 0.038

A 30 (55.6%) 78 (60.9%)

B 14 (25.9%) 42 (32.8%)

C 10 (18.5%) 8 (6.3%)

Combined with liver cirrhosis, n (%) 50 (92.6%) 116 (90.6) N.S.

Portal thrombosis and/or

vascular filtration, n (%)

2 (3.7%) 3 (2.3%) N.S.

Combined with portal

hypertension, n (%)

13 (24.1%) 34 (26.6%) N.S.

Tumor size, n (%) N.S.

�2 cm 30 (55.6%) 62 (48.4%)

2–3 cm 24 (44.4%) 66 (51.6%)

Treatment, n (%) 0.011

RFA 4 (7.4%) 20 (15.6%)

TACE 24 (44.4%) 28 (21.9%)

RFAþTACE 21 (38.9%) 56 (43.7%)

Resection 5 (9.3%) 24 (18.8%)

HBV-DNA (positive), n (%) 23 (42.6%) 42 (32.8%) N.S.

Antiviral drugs, n (%) 26 (48.1%) 62 (48.4%) N.S.

MELD score, mean� SD 5.6� 3.7 5.2� 4.0 N.S.

SD, standard deviation; CTP, Child–Turcotte–Pugh; RFA, radiofrequency ablation; TACE, transarterial chemoembolization;

HBV, hepatitis B virus; MELD, model for end-stage liver disease; N.S., not significant.

Figure 1. Flowchart of this study.
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Comparison of baseline serum

biomarkers between the recurrence and

no recurrence groups

Baseline serum biomarkers indicated that

patients with early recurrence had higher

GGT levels (42.5 [26.2, 80.1] vs. 33.7 [21.5,

58.2] U/L, P¼ 0.016), lower TP levels (67.3

[63.1, 70.2] vs. 69.3 [63.9, 75.2] g/L,

P¼ 0.024), and a higher proportion of

patients with AFP (>10 ng/mL) (32

[59.3%] vs. 46 [35.9%], P¼ 0.004) com-

pared with those with no recurrence.

Compared with patients in the no recur-

rence group, the levels of CD8þ T lympho-

cytes in the recurrence group were lower

than that in the no recurrence group, and

the difference was statistically significant

(250.2�140.7 vs. 312.4�213.1, P¼ 0.022).

The results are shown in Table 2.

Risk factors of early postoperative

recurrence in patients with single and

small HBV-HCC

The recurrence rate in patients with and

without a drinking history were 42.9%

and 24.8%, respectively. Patients with a

drinking history had a higher recurrence

rate than those without a drinking history

(P¼ 0.007, log-rank test, Figure 2a). The
early postoperative recurrence rate of

patients with CTP class A or B was

26.8%, and the recurrence rate of patients
with CTP class C was 55.6%. The recur-

rence rate of patients with grade C was sig-

nificantly higher than that of patients with

grade A or B (P¼ 0.011, log-rank test,
Figure 2b). The recurrence rate was 41.0%

in patients with AFP (>10 ng/mL) and

21.2% in patients with negative AFP.

Patients with AFP >10 ng/mL had a
higher early postoperative recurrence rate

than those with AFP <10 ng/mL

(P¼ 0.003, log-rank test, Figure 2c). The

distributions of the therapeutic methods
for patients with single and small HBV-

HCC were different between the recurrence

and no recurrence groups (P¼ 0.011).
Patients with RFA had the lowest recur-

rence rate (16.7%) within 1 year, followed

by patients with hepatectomy (17.2%), and

the recurrence rate was highest in patients
with TACE treatment (46.2%). The early

Table 2. Comparison of baseline serum biomarkers between the recurrence and no recurrence groups.

Variables

Recurrence

group (n¼ 54)

No recurrence

group (n¼ 128) P value

AFP (>10 ng/mL), n (%) 32 (59.3%) 46 (35.9%) 0.004

WBC (�109/L), mean � SD 4.2� 2.2 4.3� 2.1 N.S.

HGB (g/L), mean � SD 132� 24.7 125.8� 23.8 N.S.

ALT (U/L), median (range) 30.2 (20.7, 46.3) 28.3 (18.5, 42.1) N.S.

TBil (lmol/L), median (range) 17.0 (12.3, 25.8) 17.1 (12.4, 25.7) N.S.

GGT (U/L), median (range) 42.5 (26.2, 80.1) 33.7 (21.5, 58.2) 0.016

TP (g/L), median (range) 67.3 (63.1, 70.2) 69.3 (63.9, 75.2) 0.024

ALB (g/L), median (range) 36.5 (31.5, 41.6) 38.6 (32.2, 42.3) N.S.

CR (lmol/L), mean � SD 70.8� 15.9 68.4� 16.2 N.S.

PT (s), mean � SD 13.7� 3.0 13.4� 2.5 N.S.

NLR, median (range) 2.0 (0.7, 6.0) 1.9 (0.6, 5.8) N.S.

CD8þ T lymphocytes, mean � SD 250.2� 140.7 312.4� 213.1 0.022

AFP, a-fetoprotein; WBC, white blood cells; HGB, hemoglobin; NLR, neutrophil-lymphocyte ratio; ALT, alanine

transaminase; TBil, total bilirubin; GGT, c-glutamyl transpeptidase; TP, total protein; ALB, albumin; CR, creatinine;

PT, prothrombin time; NLR, neutrophil-to-lymphocyte ratio; SD, standard deviation; N.S., not significant.
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recurrence rate of patients with TACE

treatment was significantly higher than

those receiving RFA, RFA plus TACE, or

hepatectomy (P¼ 0.009, log-rank test,

Figure 2d).
As shown in Table 3, Cox multivariate

regression analysis demonstrated that

drinking history (HR, 1.312; 95% CI,

1.042–1.652; P¼ 0.021), CTP class C (HR,

1.236; 95% CI, 1.037–1.473; P¼ 0.018),

TACE treatment (HR, 1.241; 95% CI,

1.026–1.501; P¼ 0.026), GGT (HR, 1.138;

95% CI, 1.042–1.243; P¼ 0.004), TP levels

(HR, 0.729; 95% CI, 0.555–0.957;

P¼ 0.023), and AFP (HR, 2.519; 95% CI,

1.343–4.726; P¼ 0.004) were independently

associated with early postoperative recur-

rence in patients with single and small

HBV-HCC.

Discussion

The results of this study indicated that

AFP, GGT, and drinking history were inde-

pendent risk factors, and TP was a protec-

tive factor for early postoperative

recurrence in single and small HBV-HCC

patients. Our results may provide the

Figure 2. Drinking history, CTP class, AFP levels, and treatment methods were associated with early
recurrence of single and small HBV-HCC. The Kaplan–Meier method was used to draw the cumulative
recurrence free survival and the differences were compared between groups using the log-rank test.
(a) Drinking history, (b) CTP class, (c) AFP level, and (d) Treatment method.
CTP, Child–Turcotte–Pugh grade; AFP, a-fetoprotein; HBV, hepatitis B virus; HCC, hepatocellular carcinoma.
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theoretical basis for close surveillance

among high-risk patients in clinical

practice.
Recurrence after treatment was a key

factor influencing the long-term survival

of HCC patients. The influencing factors

of postoperative recurrence in HBV-HCC

patients included tumor factors, vascular

factors around the tumor, and liver func-

tion. Hirokawa et al.26 believed that

patients with early recurrence (within 6

months after hepatectomy) had a lower

survival rate, and vascular invasion,

indocyanine green retention rate at 15

minutes (ICGR15) �16% were independent

risk factors for early tumor recurrence.

Cheng et al.15 proposed that the potential

independent risk factors for early recur-

rence after hepatectomy were tumor

diameter >5 cm, tumor without capsule,

and microvascular invasion, while cirrhosis,

AFP >400 lg/L were independent associat-

ed with late recurrence. Truant et al.27

considered that portal vein invasion

and tumors size >8 cm were independent

risk factors for survival in HCC patients.

Our study included patients with

single and small HBV-HCC as the study

population.
Long-term heavy drinking could directly

or indirectly damage the liver, resulting in

liver fibrosis or HCC. Marrero et al.28 dem-

onstrated that both smoking and drinking

could promote tumorigenesis. Chavez

et al.29 revealed that long-term chronic

excessive intake of ethanol could reduce

the level of insulin-like growth factor 1

(IGF-1) in a mouse model, which influenced

proliferation of normal hepatocytes and

promoted tumorigenesis. Sakamoto et al.30

also showed that relatively high doses of

alcohol were related with HCC. Our results

also showed that single and small HBV-

HCC patients with drinking history were

more likely to have early postoperative

recurrence.

Table 3. Risk factors for early postoperative recurrence in patients with single and small HBV-HCC.

Univariable analysis Multivariable analysis

Variable HR 95% CI P HR 95%CI P

Gender (Female vs. male) 0.512 0.272–0.964 0.038 0.319 0.097–1.054 N.S.

Drinking history 1.283 1.018–1.617 0.035 1.312 1.042–1.652 0.021

CTP class

A or B 1 Reference 1 Reference

C 1.167 1.022–1.333 0.023 1.236 1.037–1.473 0.018

Combined with liver

cirrhosis (yes vs no)

1.124 0.981–1.288 N.S. 1.077 0.974–1.191 N.S.

Treatment

Other methods 1 Reference 1 Reference

TACE 1.364 1.052–1.768 0.019 1.241 1.026–1.501 0.026

GGT 1.113 1.012–1.224 0.027 1.138 1.042–1.243 0.004

TP 0.833 0.716–0.969 0.018 0.729 0.555–0.957 0.023

NLR 1.031 0.958–1.110 N.S. 1.121 0.900–1.396 N.S.

AFP 1.875 1.091–3.224 0.023 2.519 1.343–4.726 0.004

CD8þ T lymphocytes 0.825 0.703–0.968 0.018 0.726 0.513–1.028 N.S.

HR, hazard ratio; 95% CI, 95% confidence interval; CTP, Child–Turcotte–Pugh; TACE, transarterial chemoembolization;

AFP, a-fetoprotein; GGT, c-glutamyl transpeptidase; TP, total protein; NLR, neutrophil-to-lymphocyte ratio; N.S., not

significant.
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Our results indicated that GGT levels
were positively correlated with the early
postoperative recurrence of single and
small HBV-HCC, which was consistent
with previously published studies.31,32

Studies have also shown that GGT levels
were associated with hepatocarcinogenesis
and prognosis of patients with HCC.32–34

Moreover, previous studies also proposed
that alcohol intake could increase ALT
and GGT levels in HCC patients indepen-
dent of smoking,35 and alcohol consump-
tion had a deleterious effect on HCC
prognosis, especially in patients with hepa-
titis virus infection.36

TP consists of globulin and albumin.
Globulin and albumin levels are both
important indicators to reflect liver func-
tion. Our results indicated that TP levels
were independently associated with early
postoperative recurrence in single and
small HBV-HCC patients, which was con-
sistent with previous results that were
reported by Deng et al.37 This suggests
that the reduction of either immunoglobu-
lin or albumin could influence the progno-
sis. It has been demonstrated that a low
pretreatment albumin-to-globulin ratio
(AGR) is a useful biomarker for identifying
HCC patients who have a poor prognosis.38

AFP was a vital biomarker for detecting
HCC occurrence. Many studies have dem-
onstrated that AFP was also a biomarker
for predicting the prognosis of HCC.
Marubashi et al.39 believed that AFP
mRNA-expressing cells were independent
risk factors for postoperative recurrence in
patients receiving liver transplantation.
Uchino et al.40 indicated that recurrence
and metastasis were more likely to occur
after surgery in patients with serum AFP
levels >100 lg/L. Lee et al.41 considered
that AFP and Des-gamma-carboxy pro-
thrombin (DCP) levels were influencing fac-
tors in predicting survival after TACE
treatment. Lu et al.42 suggested that AFP
exerted an important role in promoting

HCC metastasis. This study confirmed

that AFP was significantly elevated in

patients with single and small HBV-HCC,

and was the independent risk factor for

early postoperative recurrence.
Ramzan et al.43 revealed that high den-

sities of liver-infiltrating CD8þ T lympho-

cytes could contribute to tumorigenesis and

tumor recurrence in HCC patients with the

hepatitis C virus. A meta-analysis suggested

that an increased NLR indicated a poor

outcome for HCC patients.44 However, in

our study, NLR and CD8þ T lymphocytes

were not identified as independent risk

factors in patients with single and small

HBV-HCC.
This study had several limitations. First,

tumor location, distance from the portal

vein, and tumor pathological features were

not included for further analysis. However,

our study mainly focused on the clinically

available serum biomarkers. Second,

although many patients with HCC were

treated at our hospital, our study only spe-

cifically analyzed the patients with single

and small HBV-HCC, which limited the

sample size. Third, the follow-up time was

only 1 year, and data on late postoperative

recurrence at 2 or 3 years were not evaluat-

ed. Therefore, the recurrence and survival

during long-term follow-up warrants fur-

ther exploration. Fourth, the radical treat-

ment for HCC patients include RFA and

surgical resection, and TACE is still

regarded as a palliative option. However,

some patients underwent TACE as a first-

line treatment for reasons such as poor liver

function or surgery contraindications, and

this treatment strategy was consistent with

the Chinese guidelines for HCC treat-

ment.22 Finally, analysis of the risk factors

for early postoperative recurrence (within 1

year) in patients with single and small

HBV-HCC was mainly based on Qingdao

and its surrounding population, which

includes patients who were of Asian

Jin et al. 9



ethnicity, and studies on other regions and

ethnic groups are required.
In conclusion, the independent risk fac-

tors for the early postoperative recurrence

of single and small HBV-HCC were drink-

ing history, AFP, GGT, and TP, providing

the basis for early clinical diagnosis and

prognosis evaluation.
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