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	 Background:	 Hepatocellular carcinoma (HCC) is the second leading cause of cancer deaths. Transarterial chemoemboliza-
tion (TACE) has been widely applied for treating patients with unresectable HCC. This study explored the fac-
tors influencing early recurrence (ER) after TACE in HCC patients.

	 Material/Methods:	 A total of 197 patients were divided into the ER group and the non-ER group. Univariate and multivariate Cox 
regression analyses were carried out to explore the influencing factors. Univariate Kaplan-Meier survival curves 
and restricted cubic splines were plotted for visualizing the relations between the influencing factors and ER.

	 Results:	 According to the multivariate analysis, for every 1-cm increase in the maximum tumor diameter, the risk of ER 
increased by 0.235 times (95% CI: 1.144-1.333, P<0.001). Patients with adjacent lobe invasion had a 1.227-
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to-lymphocyte ratio (NLR), the risk increased by 0.107-fold (95% CI: 1.012-1.211, P=0.027). Compared to pa-
tients at the very early/early Barcelona clinic liver cancer (BCLC) stage, those at the advanced/end stage had a 
2.045-fold increased risk of ER (95% CI: 1.259-7.366, P=0.014).
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Background

Hepatocellular carcinoma (HCC) is one of the most common 
cancers globally and accounts for over 90% of cases with pri-
mary liver cancer [1,2]. As the second leading cause of can-
cer deaths, HCC endangers over 780 000 new patients per 
year [3]. The occurrence and development of HCC are asso-
ciated with several factors, including hepatitis B virus (HBV), 
hepatitis C virus (HCV), non-alcoholic fatty liver disease/NASH, 
and alcohol abuse [4].

HCC treatment can be divided into a radical treatment for tu-
mor cure, and a palliative treatment aimed at controlling tumor 
growth and prolonging survival [5]. Among them, hepatectomy 
is regarded as the first option for HCC curative treatment, par-
ticularly in early HCC [6]. Although the overall survival rate after 
hepatectomy has improved, the long-term prognosis remains un-
satisfactory due to the high recurrence rate [7,8]. Consequently, 
transarterial chemoembolization (TACE), as a non-operative op-
tion, has been widely applied for treating patients with unre-
sectable HCC [9]. TACE can effectively cut off the blood supply 
of tumor tissues, block the oxygen and energy supply of tumor 
cells, and promote tumor cell apoptosis [10]. However, due to 
the large number of capillary networks distributed in the liv-
er, the residual tumor tissues of patients with HCC after TACE 
easily form collateral circulation and promote new tumor-relat-
ed angiogenesis, resulting in recurrence after TACE [11]. Early 
recurrence (ER), defined as HCC recurring within 2 years after 
treatment [12], is an important factor leading to poor progno-
sis of patients. It was reported that patients with HCC treated 
with TACE showed survival rates of 70.3%, 40.4%, and 32.4% at 
1, 2, and 5 years, respectively, which revealed a relatively high 
ER rate after TACE [13]. It was also shown that low tumor ne-
crosis rate and high recurrence rate may be the key to improve 
the prognosis of HCC patients [14]. The present study sought 
to identify influencing factors of ER after TACE in HCC patients.

Material and Methods

Study Population

In this retrospective study, the data of patients who underwent 
TACE at Weihai Central Hospital between 2016 and 2019 were 
collected. Inclusion criteria were: 1) patients age ³18 years 
old; 2) patients with HCC who were diagnosed by pathology 
or cytology, or by American Association for the Study of Liver 
Diseases (AASLD) Practice Guidelines; 3) patients who under-
went TACE treatment; 4) patients whose clinical, pathological, 
and imaging data were completely preserved. Exclusion crite-
ria were: 1) patients with other malignant tumors and auto-
immune diseases; 2) patients with severe heart failure, a re-
cent history of cardiovascular and cerebrovascular diseases, or 

renal insufficiency; 3) patients with poor compliance such as 
unable or unwilling to contact after discharge; 4) patients who 
took other experimental drugs within 1 month before inclu-
sion or who were participating in other clinical studies; 5) pa-
tients that the physician believes are unsuitable for this study.

This study was approved by the Ethics Committee of Weihai 
Central Hospital, approval number WHSZXYYKYLL-2020-33. The 
experiments were carried out following the approved guidelines.

TACE Procedures

TACE procedures were performed by 2 experienced radiologists. 
Seldinger technique was used to puncture the right femoral 
artery. Hepatic angiography was performed using angiograph-
ic catheters to observe the presence of portal vein stenosis or 
obstruction and to determine whether hepatic artery infusion 
chemotherapy and embolization therapy could be performed. 
Then, super-selective catheterization was performed to the 
tumor feeding artery and its branches for angiography to re-
confirm the size, location, and number of tumors. Afterward, 
the feeding artery was selected for slow injection according 
to the degree of staining, and the tumors in the pigmented 
area were embolized with iodized oil to observe the degree 
of deposition. TACE was discontinued if vascular contraindica-
tions, poor hepatic function, or other serious adverse effects 
occurred. Patients were followed up regularly after TACE to 
monitor the presence of tumor recurrence.

Data Collection

According to the electronic medical records system of our 
hospital, clinicopathological factors, including sex, age, body 
mass index (BMI), groups, maximum tumor diameter, Child-
Pugh score, Barcelona clinic liver cancer (BCLC) staging, and 
follow-up time, as well as laboratory parameters of the pa-
tients, were collected. After TACE, all patients were followed 
up for a maximum of 2 years, mainly by telephone and labo-
ratory examinations, and we recorded whether having ER dur-
ing the follow-up time occurred.

Statistical Analysis

According to the outcome, the patients were divided into the 
ER group and the non-ER group. Univariate Cox regression anal-
ysis was carried out, and then significant variables in univari-
ate analysis were included in the multivariate Cox regression 
analysis to explore the influencing factors of ER after TACE. 
All data were analyzed using SAS9.4 statistical software (SAS 
Institute, Inc., Cary, NC, USA), and univariate Kaplan-Meier (K-
M) survival curves and restricted cubic splines were plotted for 
visualizing the relations between the influencing factors and 
ER. P<0.05 was considered statistically significant.
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Results

Baseline Clinical Characteristics

In our study, a total of 197 eligible patients, including 167 
(84.77%) males and 30 (15.23%) females, were enrolled 
(ER group: n=131, non-ER group: n=66). The mean age was 
(58.81±8.74) years, with the oldest 87 years old and the young-
est 37 years old. The average follow-up time was 20.36 (9.08, 

23.51) months. By the end of the follow-up, 131 patients 
(66.50%) had ER and 66 patients (33.50%) had no recurrence. 
The median maximum tumor diameter was 5.90 (3.30, 9.20) 
cm. For the BCLC stages, 64 (32.49%) were in the very early/
early stage, 99 (50.25%) were in the intermediate stage, and 
34 (17.26%) were in the advanced/end stage. All baseline char-
acteristics are shown in Table 1.

Characteristics, n (%) Total (n=197) Non-ER group (n=66) ER group (n=131)

Sex

	 Male 	 167	 (84.77) 	 53	 (80.30) 	 114	 (87.02)

	 Female 	 30	 (15.23) 	 13	 (19.70) 	 17	 (12.98)

Age, years, (c
_
±s) 58.81±8.74 59.26±8.47 58.59±8.90

BMI, kg/m2

	 <23.9 	 98	 (49.75) 	 22	 (33.33) 	 76	 (58.02)

	 ³23.9 	 99	 (50.25) 	 44	 (66.67) 	 55	 (41.98)

Maximum tumor diameter, cm, M(Q1,Q3) 	 5.90	 (3.30, 9.20) 	 3.45	 (2.50, 4.70) 	 7.20	 (4.80, 11.00)

Adjacent lobe invasion

	 No 	 118	 (59.90) 	 61	 (92.42) 	 57	 (43.51)

	 Yes 	 79	 (40.10) 	 5	 (7.58) 	 74	 (56.49)

Extrathoracic metastasis

	 No 	 191	 (96.95) 	 66	 (100.00) 	 125	 (95.42)

	 Yes 	 6	 (3.05) 	 0	 (0.00) 	 6	 (4.58)

Vascular invasion

	 No 	 172	 (87.31) 	 66	 (100.00) 	 106	 (80.92)

	 Yes 	 25	 (12.69) 	 0	 (0.00) 	 25	 (19.08)

Lymph node metastasis

	 No 	 181	 (91.88) 	 65	 (98.48) 	 116	 (88.55)

	 Yes 	 16	 (8.12) 	 1	 (1.52) 	 15	 (11.45)

Child-pugh score

	 A 	 153	 (77.66) 	 63	 (95.45) 	 90	 (68.70)

	 B 	 42	 (21.32) 	 3	 (4.55) 	 39	 (29.77)

	 C 	 2	 (1.02) 	 0	 (0.00) 	 2	 (1.53)

BCLC staging

	 Very early/early stage 	 64	 (32.49) 	 46	 (69.70) 	 18	 (13.74)

	 Intermediate stage 	 99	 (50.25) 	 20	 (30.30) 	 79	 (60.31)

	 Advanced/end stage 	 34	 (17.26) 	 0	 (0.00) 	 34	 (25.95)

Follow-up time, months, M (Q1, Q3) 	 20.36	 (9.08, 23.51) 	 23.74	 (22.79, 24.75) 	 11.80	 (6.52, 20.36)

Table 1. Baseline clinicopathological characteristics.

ER – early recurrence; BMI – body mass index; BCLC staging – Barcelona clinic liver cancer staging.
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Characteristics, n (%) b S.E c2 P HR
95% CI

Lower Upper

Sex

	 Male 0.433 0.269 2.590 0.108 1.543 0.910 2.615

	 Female Ref

Age -0.013 0.011 1.478 0.224 0.987 0.966 1.008

BMI, kg/m2

	 <23.9 Ref

	 ³23.9 -0.501 0.177 7.989 0.005 0.606 0.428 0.857

Maximum tumor diameter, cm, 
M(Q1,Q3)

0.323 0.029 120.284 <0.001 1.381 1.303 1.463

Adjacent lobe invasion

	 No Ref

	 Yes 1.479 0.183 65.170 <0.001 4.390 3.065 6.287

Extrathoracic metastasis

	 No Ref

	 Yes 1.294 0.423 9.359 0.002 3.648 1.592 8.357

Vascular invasion

	 No Ref

	 Yes 2.069 0.251 68.101 <0.001 7.913 4.842 12.934

Lymph node metastasis

	 No Ref

	 Yes 1.421 0.284 25.000 <0.001 4.141 2.373 7.229

Child-Pugh score

	 A Ref

	 B 0.81592 0.19282 17.9053 <.0001 2.261 1.550 3.300

	 C 0.38113 0.71573 0.2836 0.5944 1.464 0.360 5.953

BCLC staging

	 Very early/early stage Ref

	 Intermediate stage 1.43466 0.26222 29.9334 <.0001 4.198 2.511 7.019

	 Advanced/end stage 3.26031 0.32136 102.9304 <.0001 26.058 13.880 48.918

WBC, 109/L 0.104 0.038 7.496 0.006 1.109 1.030 1.194

RBC, 1012/L -0.361 0.148 5.971 0.015 0.697 0.522 0.931

HGB, g/L -0.015 0.004 12.572 <0.001 0.986 0.978 0.994

PLT, 109/L 0.004 0.001 12.268 <0.001 1.004 1.002 1.007

NEUT, 109/L 0.158 0.043 13.700 <0.001 1.171 1.077 1.273

LY, 109/L -0.367 0.145 6.385 0.012 0.693 0.521 0.921

AST/ALT, μ/L 0.334 0.079 18.005 <0.001 1.397 1.197 0.334

TBIL, μmol/L 0.007 0.003 5.837 0.016 1.007 1.001 1.013

ALB, g/L -0.067 0.014 23.949 <0.001 0.935 0.911 0.961

GGT, U/L 0.002 <0.001 40.781 <0.001 1.002 1.002 1.003

D-dimer, ng/mL 0.217 0.058 13.925 <0.001 1.243 1.109 1.393

Table 2. Influencing factors for ER after TACE in HCC patients.
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Univariate Analysis

According to univariate Cox regression analysis, several clin-
icopathologic variables were identified to be potential influ-
encing factors of ER after TACE in HCC patients, including BMI 
³23.9 kg/m2 (P=0.005), maximum tumor diameter (P<0.001), 
presence of adjacent lobe invasion (P<0.001), presence of ex-
trathoracic metastasis (P=0.002), presence of vascular invasion 
(P<0.001), presence of lymph node metastasis (P<0.001), Child-
Pugh B (P<0.001), and intermediate stage (P<0.001) and ad-
vanced/end stage (P<0.001) in BCLC staging. Significant differ-
ences were also found in some laboratory variables, including 
white blood cell (WBC) (P=0.006), red blood cell (RBC) (P=0.015), 
hemoglobin (HGB) (P<0.001), platelet (PLT) (P<0.001), neutrophil 
(NEUT) (P<0.001), lymphocyte (LY) (P=0.012), aspartate ami-
notransferase/alanine transaminase (AST/ALT) (P<0.001), total 
bilirubin (TBIL) (P=0.016), albumin (ALB) (P<0.001), gamma-glu-
tamyl transpeptidase (GGT) (P<0.001), D-dimer (P <0.001), al-
pha fetoprotein (AFP) (P<0.001), neutrophil-to-lymphocyte ratio 
(NLR) (P<0.001), platelet-to-lymphocyte ratio (PLR) (P<0.001), 
and the ratio of gamma-glutamyl transpeptidase to platelets 
(GPR) (P<0.001) (Table 2).

Multivariate analysis

After univariate analysis, the significant variables were includ-
ed in the multivariate Cox regression analysis. The results sug-
gested that the maximum tumor diameter, presence of adja-
cent lobe invasion, NLR, and advanced/end BCLC stage were 
all risk factors of ER after TACE in patients with HCC. After age 
and sex were adjusted, these 4 variables were still found to 
be risk factors (Figure 1). For every 1-cm increase in the max-
imum tumor diameter, the risk of ER increased by 0.235 times 
(95% CI: 1.144-1.333, P<0.001). Patients with adjacent lobe in-
vasion had a 1.227-fold higher risk of ER than those without 
(95% CI: 1.461-3.394, P<0.001). For every unit increase in NLR, 
the risk increased 0.107-fold (95% CI: 1.012-1.211, P=0.027). 
Compared to patients at the very early/early BCLC stage, those 
at the advanced/end stage had a 2.045-fold increased risk of 
ER (95% CI: 1.259-7.366, P=0.014).

Based on the results of the multivariate Cox regression mod-
el, the C-indexes of the risk factors, including adjacent lobe 
invasion, maximum tumor diameter, BCLC staging, and NLR, 
were 0.681 (0.644-0.718), 0.709 (0.674-0.744), 0.743 (0.706-
0.780), and 0.670 (0.625-0.715), respectively, suggesting the 
good predictive ability of these factors. We plotted the K-M 

Table 2 continued. Influencing factors for ER after TACE in HCC patients.

Characteristics, n (%) b S.E c2 P HR
95% CI

Lower Upper

NLR 0.173 0.037 22.067 <0.001 1.189 1.106 1.278

PLR 0.006 0.001 40.253 <0.001 1.006 1.004 1.008

GPR 0.123 0.035 12.214 <0.001 1.131 1.056 1.212

ER – early recurrence; BMI – body mass index; BCLC staging – Barcelona clinic liver cancer staging; WBC – white blood cell; RBC – red 
blood cell; HGB – hemoglobin; PLT – platelets; NEUT – neutrophil; LY – lymphocyte; AST – aspartate aminotransferase; ALT – alanine 
transaminase; TBIL – total bilirubin; ALB – albumin; GGT – gamma-glutamyl transpeptidase; AFP – alpha fetoprotein; NLR – neutrophil-
to-lymphocyte ratio; PLR – platelet-to-lymphocyte ratio; GPR – the ratio of gamma-glutamyl transpeptidase to platelets.
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Figure 1. �Multivariate Cox regression of ER after TACE in HCC patients.
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Figure 2. �Univariate K-M survival curve for adjacent lobe invasion. ALI – adjacent lobe invasion.
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Figure 3. Univariate K-M survival curve for BCLC staging.
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survival curves for adjacent lobe invasion (Figure 2) and BCLC 
staging (Figure 3), and we also used restricted cubic spline to 
model and visualize the relationship between the maximum 
tumor diameter and ER after TACE. The results suggested a 
nonlinear relationship between the maximum diameter and 
ER after TACE, but with no statistical significance (P=0.135) 
(Figure 4). Also, the relationship between NLR and ER after 
TACE was visualized by a restricted cubic spline. The results 
suggested that there was a nonlinear relationship between 
NLR and ER (c2=17.28, P<0.001) (Figure 5).

Discussion

HCC is one of the most common cancers worldwide, with a high 
mortality rate, and TACE is the most commonly used treatment 
modality for patients with unresectable HCC. Recurrence after 
treatment plays an important role in the long-term prognosis 
and survival of HCC patients. In the current study, we eval-
uated the influencing factors for ER in patients treated with 
TACE. The maximum tumor diameter, adjacent lobe invasion, 
NLR, and advanced/end BCLC stage were all identified to be 
risk factors for ER after TACE in HCC patients. Our results may 
help clinicians to perform early identification and monitoring 
patients with a higher risk of recurrence after TACE, thereby 
improving the prognosis and survival of HCC.

In the present study, we found that the maximum diameter 
and adjacent lobe invasion were independently associated with 
the increased risk of ER. Similar results were reported in pre-
vious studies [15-17]. Cheng et al demonstrated that the tu-
mor diameter >5 cm was a risk factor for ER. Further, Truant et 
al found that tumor size >8 cm was independently associated 
with survival in HCC patients. If a tumor with the maximum 

30
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Figure 4. �Restricted cubic spline for the maximum tumor 
diameter.
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Figure 5. Restricted cubic spline for NLR.

diameter >5 cm cannot be removed primarily, some tumor tis-
sues may remain after surgery and metastasis may occur in 
the residual part, which can increase the ER rate of HCC pa-
tients. The larger the maximum tumor diameter was, the liv-
er capsule would be easier to be damaged, thereby leading 
to the increased risks of tumor trans-lobar metastasis, which 
would eventually cause the ER of HCC after TACE [18]. In our 
study, the maximum tumor diameter and presence of adja-
cent lobe invasion were both identified as risk factors that 
could affect the ER rate after TACE, which may indicate that 
they are related to each other and reveals the potential mech-
anism of ER after TACE.

Inflammation has been found to play an important role in 
the pathogenesis and progression of malignant tumors. As a 
marker of systemic inflammation, NLR is associated with can-
cer progression, metastasis, and prognosis in various cancers, 
including HCC [19]. In our study, the risk of developing postop-
erative recurrence increased with the rise in NLR. This is con-
sistent with previous findings showing that a high NLR was 
associated with higher recurrence and poorer survival in HCC 
patients after TACE [20-25]. TACE can inhibit tumor growth by 
embolizing the tumor artery to cause tumor ischemia, hypox-
ia, and necrosis. However, complete embolization cannot be 
achieved and aseptic and necrotizing inflammation might oc-
cur, leading to the proliferation and metastasis of residual tu-
mor cells [22]. Therefore, assessment of NLR before and after 
TACE is necessary to improve the prognosis of the treatment 
and reduce the ER rate.

Our study had some limitations. Firstly, some bias was inev-
itable due to its retrospective nature. Secondly, the sample 
selected in the study was a Chinese population, which might 
restrict the general applicability of our results. In the future, 
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prospective studies including more cohorts of patients are need-
ed to confirm our results. Thirdly, the baseline cutoff values 
of NLR and the maximum tumor diameter varied in different 
studies, which might be confusing for their clinical use. Further 
studies are also required for establishing the most appropri-
ate cutoff values for NLR and the maximum tumor diameter.

Conclusions

In our study, the maximum tumor diameter, adjacent lobe in-
vasion, NLR, and advanced/end BCLC stage were all identified 
to be risk factors for ER after TACE in HCC patients. Our results 
may help early identification and monitoring of patients with 
a higher risk of recurrence after TACE, thereby improving the 
prognosis and survival of HCC.
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