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Abstract
Background  Primary liver cancer is a highly aggressive neoplasm with high incidence and mortality. Due to the high 
ability to metastasis, the 5-year survival rate of patients with primary liver cancer is poor.

Aim  To investigate the clinical value of systemic immunoinflammatory index (SII) in predicting recurrence and 
metastasis after interventional therapy in patients with primary liver cancer.

Methods  Total 186 patients with primary liver cancer were included and underwent Transcatheter arterial 
chemoembolization (TACE), and followed up for 3 years. Then, patients were divided into 110 cases in the recurrent 
metastasis group and 76 cases in the non-recurrent metastasis group according to presence or absence of recurrence 
and metastasis. Baseline data, SII and alpha-fetoprotein (AFP) levels were compared. Cox proportional hazards 
regression analysis was used to analyze factors affecting recurrence and metastasis. ROC curve was used to analyze SII 
and AFP levels in predicting recurrence and metastasis after interventional therapy in patients. Kaplan-Meier survival 
curves were used to evaluate the survival of patients.

Results  The SII index and AFP levels in the recurrence and metastasis group were higher than those in the 
non-recurrence and metastasis group (P < 0.001). Cox proportional hazards regression analysis confirmed tumor 
size ≥ 5 cm, presence of vascular tumor thrombus, presence of vascular invasion, no tumor capsule, SII index, AFP 
Levels were closely related to the recurrence and metastasis of patients with primary liver cancer (P < 0.05). ROC curve 
analysis showed that AUC of SII and AFP predicted recurrence and metastasis after intervention were 0.797 and 0.839, 
respectively, and the jointed AUC was 0.910. After a 3-years of follow-up, the overall survival rate of the 186 patients 
was 45.70% (85/186). Kaplan-Meier survival curve analysis showed that patients with high SII levels had shorter 
survival time than that of patients with low SII levels (P < 0.05).

Conclusion  Preoperative SII was closely associated with early recurrence and metastasis, and combined with AFP 
may have higher value in predicting recurrence and metastasis after interventional therapy in patients with primary 
liver cancer.
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Introduction
Primary liver cancer is a common cancer that originates 
in the liver, and it can be divided into three categories 
according to pathology, including hepatocellular car-
cinoma, intrahepatic cholangiocarcinoma, and mixed 
hepatocellular carcinoma-cholangiocarcinoma. Among 
them, hepatocellular carcinoma (HCC) ranks as the most 
prevalent cancers worldwide, accounting for approxi-
mately 75-85% of primary liver malignancies [1]. Primary 
liver cancer is known as the six most commonly diag-
nosed cancer and the third leading cause of cancer death 
around the world [2]. Epidemiological report by World 
Health Organization (WHO), Global Burden Disease 
(GBD) and Global Cancer Observatory (GCO) confirms 
approximately 906,000 new cases of liver cancer and 830, 
000 deaths worldwide in 2020 [2]. It is generally believed 
that the incidence of primary liver cancer is a compli-
cated pathological process that involves in multiple risk 
factors, such as chronic viral hepatitis, alcohol consump-
tion, and improper diet [3]. Thus, early diagnosis and 
treatment are of great significance to improve the sur-
vival rate and quality of life of patients with primary liver 
cancer.

Currently, many clinical therapeutic strategies are 
applied to patients with primary liver cancer; however, 
most patients are unable to receive radical treatment at 
the time of diagnosis, which leads to the poor overall 
therapeutic efficacy [4]. Moreover, the traditional surgical 
resection and liver transplantation result in greater dam-
age to patients with primary liver cancer and are prone 
to recurrence after surgery. Intriguingly, interventional 
therapy has drawn increasing interesting in the treatment 
of liver cancer due to the characteristics of less invasive-
ness, short treatment time, fast recovery and high repro-
ducibility. Transcatheter arterial chemoembolization 
(TACE) represents a popular interventional approach for 
liver cancer patients by blocking the hepatic artery for 
inhibiting tumor blood supply [5]. Based on the advan-
tages in less invasive, clear effects, and wide range of 
applications, TACE has become the first-line therapy for 
unresectable liver cancer and main palliative treatment 
for advanced liver carcinoma patients. However, due to 
the high degree of malignancy in patients with liver can-
cer, the recurrence and metastasis rates in patients after 
TACE or radiofrequency ablation can be as high as 20% 
[6]. Therefore, accurately identifying the risk of recur-
rence and metastasis in liver cancer patients after TACE 
is important to improve prognosis of patients.

Blood biomarkers can accurately reflect tumor biol-
ogy information due to multiple advantages, such as 
convenient collection, low cost, and standard detection 

methods. Alpha-fetoprotein (AFP), a glycoprotein 
belonging to albumin family, is mainly synthesized by 
fetal liver cells and yolk sac. High AFP is confirmed in 
many carcinomas including liver cancer and can be rec-
ognized as a positive indicator for cancers [7]. Notice-
ably, a novel inflammation-related index called systemic 
inflammatory response index (SII) is a new inflammation-
based evaluation system that can be calculated through 
peripheral blood platelet, neutrophil and lymphocyte, 
and can reflect body’s local immune and systemic inflam-
matory response [8]. From the perspective of immune 
inflammation, neutrophils and lymphocytes play a key 
role in the body’s immune response [8–10]. Neutrophils 
are an important component of innate immunity and can 
be recruited by cancer cells to release pro-inflammatory 
cytokines, angiogenic factors to promote tumor cell pro-
liferation, invasion, and metastasis. Lymphocytes are the 
core of adaptive immunity, among which CD4+T cells 
assist in immune response and CD8+T cells directly kill 
tumor cells. The decrease in lymphocytes means that the 
body’s immune surveillance and anti-tumor ability are 
reduced [9, 10]. Platelets not only participate in the coag-
ulation process, but also release various growth factors 
and cytokines to affect the survival, migration, and angio-
genesis of tumor. Therefore, SII integrates information 
from platelet, neutrophil and lymphocyte and can com-
prehensively reflect the relationship between immune 
inflammation and tumor microenvironment in the body. 
SII can act as a useful predictor of poor prognosis dur-
ing malignancy treatment [9]. It is a fact that immune 
cells and inflammation constitute important compo-
nents of tumor microenvironment and are associated 
with progression of cancer [10, 11]. Cancer-associated SII 
are related to alterations in the distribution of circulat-
ing blood cells, and patients with elevated SII often have 
neutrophilia, thrombocytosis, and a relative reduction in 
lymphocytes [12]. Moreover, increased neutrophils and 
angiogenesis growth factors, chemokines and proteases 
after systemic inflammatory response may contribute 
to tumor growth, metastasis and poor prognosis in gas-
tric cancer patients [13]. Additionally, lymphocytopenia 
reveals suppressive state of host immune system [14]. 
Several studies highlight that SII is associated with prog-
nosis of multiple cancers [15, 16]. Intriguingly, a previ-
ous study revealed that SII was a potential risk factor for 
poor prognosis in patients with hepatocellular carcinoma 
after liver transplantation and could act as a prognostic 
marker for patients [17]. However, there are the limited 
researches on the relationship between SII and recur-
rence and metastasis of primary liver cancer. Thus, this 
study sought to systematically explore the value of SII 
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in predicting the recurrence and metastasis of patients 
with primary liver cancer after interventional therapy by 
enrolling a relatively large sample size of patients with 
primary liver cancer and using uniform detection meth-
ods and follow-up procedures. Moreover, this study also 
investigated the combined values of SII and AFP to pre-
dict the recurrence and metastasis of patients, which may 
provide new ideas and basis for more accurately predict-
ing the risk of recurrence and metastasis in patients with 
primary liver cancer after interventional treatment in 
clinical practice.

Materials and methods
General information
Total of 186 patients with primary liver cancer who 
treated in our hospital from January 2019 to May 2021 
were enrolled. Inclusion criteria: (1) All patients met the 
diagnostic criteria for primary liver cancer established 
by the World Health Organization [18], and all of them 
were hepatocellular carcinoma; (2) All patients who were 
not suitable for radical surgery due to tumor size, loca-
tion, number, and physical conditions (liver function, 
complications, etc.) and met the indications for inter-
ventional surgery underwent TACE treatment; (3) Pre-
operative imaging examination showed that the tumor 
had no distant metastasis and lymph nodes metastasis; 
(4) All tumors were primary; (5) Patients were followed 
up for more than 1 year after surgery; (6) There was no 
special treatment to inhibit or promote bone marrow 
growth before TACE treatment; (7) The clinical records 
and related examination data were complete. Exclusion 
criteria: (1) Patients with non-primary liver cancer diag-
nosed by clinical pathology; (2) Patients combined with 
autoimmune system diseases, hematological diseases and 
other diseases affecting the efficacy of TACE surgery; (3) 
Patients combined with cardiovascular and cerebrovas-
cular diseases, kidney diseases, respiratory system dis-
eases, and endocrine system diseases; (4) Portal vein was 
completely blocked by tumor thrombus and there was 
little collateral blood vessel formation; (5) Patients with 
multiple organ failure.

Preoperative imaging assessment and evaluation of 
metastasis
Preoperative imaging examinations indicated that there 
were no distant metastasis or lymph node metastasis of 
tumor. The preoperative imaging examinations mainly 
performed by 64-slice spiral CT scan and magnetic reso-
nance imaging (MRI). The CT assay had high resolution, 
a slice thickness of up to 1 mm, and clearly showed the 
anatomical structure of liver and surrounding tissues. 
The above CT had a high sensitivity for lymph nodes 
with a diameter of ≥ 5 mm and could effectively identify 
enlarged lymph nodes. For distant metastasis, this CT 

could effectively identify the metastatic foci with a diam-
eter of > 3 mm and detect the common metastatic sites, 
such as the lungs and bones. The criteria for metasta-
sis: CT images showed lymph nodes with a short diam-
eter greater than 10  mm, irregular morphology, uneven 
enhancement, or abnormal space occupying lesions 
found in other organs outside the liver (such as specific 
enhancement patterns and density/signal characteristics). 
MRI examination was conducted by a 3.0-Tesla Siemens 
MAGNETOM Skyra with a 64-channel head coil using a 
T1-weighted MR images with a voxel size of 1.0  mm × 
1.0 mm × 2.0 mm and T2-weighted imaging with a voxel 
size of 1.0 mm × 1.0 mm × 5.0 mm. The MRI had a high 
sensitivity for lymph nodes with a diameter of ≥ 5  mm 
and could effectively identify enlarged lymph nodes. For 
distant metastasis, MRI could effectively identify soft 
tissue resolution, especially in brain and bone metasta-
ses, and detect micro-metastatic foci with a diameter of 
≥ 2 mm in brain. The criteria for metastasis: new lesions 
showed low signal on T1-weighted images and high sig-
nal on T2-weighted images, contrast-enhanced images 
presented a typical “fast-in-fast-out” enhancement fea-
ture of liver cancer. If lesions with signals consistent 
with the primary lesion appear in distant organs (such as 
lungs, bones, and brain) and other diseases are excluded, 
the lesion was considered to be a potential metastasis.

TACE therapy
Patients is placed in a supine position, the bilateral groin 
area was routinely disinfected with iodophor. Subcutane-
ous local anesthesia is performed on the right femoral 
artery, and the right femoral artery was punctured using 
seldiner technique under the support of digital subtrac-
tion vascular imaging technology equipment. A short 
5  F RH arterial sheath was placed via femoral artery 
and a 5  F RH catheter was inserted along the sheath 
from the celiac trunk of abdominal aorta into hepatic 
artery. Then, hepatic arteriography was performed in 
anteroposterior and right anterior oblique 30° to iden-
tify focal location, and microguidewire and microcath-
eter were subsequently superselected to tumor-bearing 
artery to confirm the extent of the tumor. The antineo-
plastic drugs and embolic agents were injected into 
tumor location via the microcatheter, including aria-
mycin (ADM), cisplatin (CDDP), carboplatin (CBP), 
mitomycin C (MMC), Cell cycle-specific drug 5-fluoro-
uracil (5-FU). The above drugs were embedded in gelatin 
sponge embolization, blank embolization microspheres 
or drug-loaded microspheres in combination of 2 to 3 
types. Lipiodol embolization: The patients were emboli-
zed with superemulsified lipiodol and anti-tumor drugs 
[superemulsified lipiodol and lorboplatin raltitrexed 
suspension emulsion combined with blank emboliza-
tion microspheres (100 ∼ 300  μm, 300 ∼ 500  μm) or 
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drug-loaded microspheres and epirubicin] until tumor 
staining basically disappeared. Subsequently, microcath-
eter was withdrawn, the RH arterial sheath was retreated 
to the proper hepatic artery and the diluted raltitrexed/
epirubicin were slowly injected. After the operation, the 
catheter sheath was then removed after operation and 
right femoral artery puncture point was bandaged to stop 
bleeding.

Observation indicators
Clinical efficacy: According to tumor efficacy evalua-
tion standard based on the results of magnetic resonance 
imaging (MRI), the clinical effects were evaluated at 2 
months after TACE treatment and divided into progres-
sive disease (PD) (the sum of the maximum diameters 
of target lesions increased ≥ 20% compared with that 
before treatment), partial response (PR) (the sum of the 
maximum diameters of target lesions decreased ≥ 30% 
compared with that before treatment), stable disease 
(SD) (the change of target lesions between PD and PR), 
complete response (CR) (the complete disappearance of 
target lesions). The objective response rate (ORR) was 
defined as (CR + PR)/number of evaluable cases × 100%, 
while the disease control rate (DCR) was defined as 
(CR + PR + SD)/number of evaluable cases × 100%.

Baseline data: Clinical and pathological data of all 
patients were collected, including age, gender, body mass 
index (BMI), hepatitis B, tumor size, Child-Pugh grade, 
number of lesions, vascular tumor thrombus, vascular 
invasion, and tumor capsule.

Detection of SII: Approximately 2 mL of fasting periph-
eral venous blood from patients was collected and the 
blood routine test was performed using a Bc-6800 Min-
dray Auto Hematology Analyzer. All protocols were 
performed according to the instructions of a commer-
cial kits. The main examination indexes were analyzed, 
including neutrophil count, lymphocyte count, platelet 
count. SII= (platelet count ×neutrophil count)/lympho-
cyte count.

Determination of AFP: Fasting peripheral venous blood 
(4 mL) was collected and placed at room temperature 
for 15 to 30 min. Then, blood samples were centrifuged 
at 3000 r/min for 15  min to separate serum. The levels 
of AFP in serum were then determined using a com-
mercial AFP kit (Shenzhen Haodi Huatuo Biotechnology 
Co., Ltd., Shenzhen, China) under an automatic chemi-
luminescent immunoassay analyzer. All specimens were 
detected within 4  h. Follow-up and groups: All patients 
were followed up for 3 years via telephone and revisit in 
our hospital at the end of the operation. The end point 
of follow-up was the death of patient or the end of fol-
low-up, and the end time of follow-up was May 31, 2024. 
During the follow-up period, patients received regular 
imaging examinations to monitor for recurrence and 

metastasis. The specific time intervals were as follows: 
in the first year after surgery, liver ultrasound was per-
formed every 3 months and CT or MRI was performed 
every 6 months; in the second year after surgery, CT or 
MRI was performed every 6 months. If patients experi-
enced worsening pain in liver, abdominal mass, weight 
loss, fatigue, jaundice, or progressive elevation of bio-
chemical indicators like AFP (AFP exceeded the normal 
reference value and showed a continuous upward trend), 
CT or MRI should be performed promptly to determine 
whether recurrence or metastasis occurred. The recur-
rence and metastasis of patients were defined by imaging 
examinations or positive results of puncture pathologi-
cal examination and counted. Recurrence was defined as 
the reappearance of lesions similar to the primary lesion 
in the same organ or tissue after the primary lesion had 
disappeared or been controlled after TACE treatment. 
Metastasis was defined as the appearance of lesions in 
other organs or tissues after TACE treatment, and patho-
logically confirmed to be hepatocellular carcinoma cells. 
The ‘recurrence and metastasis’ was used as a compos-
ite endpoint, meaning that if a patient experienced either 
recurrence or metastasis, it is considered as an endpoint 
event. All patients were divided into a recurrence and 
metastasis group (110 cases) and a non-recurrence and 
metastasis group (76 cases) according to the presence or 
absence of tumor recurrence and metastasis.

During the follow-up period, we established a stan-
dardized blood sample collection procedure to calculate 
the average SII index and AFP level for each patient. Fol-
lowing surgery, fasting peripheral venous blood samples 
were collected from patients at the 1 month, 3 months, 
6 months, 9 months, 12 months, and every 6 months 
thereafter. The average SII index and AFP level of each 
patient represented the arithmetic mean of the measured 
values at each time point. Collecting blood samples mul-
tiple times and calculating the average values can reduce 
the fluctuations in indicators caused by factors such as 
inflammation, infection, or treatment-related influences 
to a certain extent, making the data more stable and rep-
resentative, which will provide a reliable data foundation 
for subsequent statistical analysis.

Statistical analysis
Statistical analysis was performed using SPSS22.0 soft-
ware. Measurement data are shown as mean ± stan-
dard deviation (mean ± SD) and statistical comparison 
between groups was performed using t test. Count data 
were expressed as % and analyzed using the χ2 test. Cox 
proportional hazards regression analysis was applied to 
analyze the factors affecting recurrence and metastasis 
of patients with primary liver cancer after interventional 
therapy. The values of SII and AFP levels in predict-
ing recurrence and metastasis of patients were analyzed 
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using a ROC curve assay. Kaplan-Meier survival curves 
with log-rank tests were used to evaluate the survival of 
patients. P < 0.05 was defined as a statistical significance.

Results
Therapeutic effects of TACE
After TACE treatment, among the 186 cases, there were 
37 cases of PD (19.89%), 49 cases of SD (26.34%), 70 cases 
of PR (37.63%), 30 cases of CR (16.13%). Moreover, the 
ORR was 53.76% and DCR was 80.11%.

Comparison of baseline data
In the recurrence and metastasis groups, there were 45 
patients with intrahepatic recurrence, 15 patients with 
extrahepatic recurrence, 30 patients with intrahepatic 
and extrahepatic metastasis, and 20 patients with extra-
hepatic metastasis. In no-recurrence and metastasis 
groups, patients did not develop recurrences or metas-
tases. There was obvious statistical difference in the 
recurrence and metastasis group and the non-recurrence 
and metastasis group, including tumor size, vascular 
tumor thrombus, vascular invasion, and tumor capsule 
(P < 0.05). No dramatic difference was observed in two 
groups, including age, gender, and BMI, Child-Pugh 
grade, and number of lesions had (P > 0.05). See Table 1.

Comparison of serological indicators
For the SII index and AFP levels, we calculated the aver-
age levels for each patient during the follow-up period 
and used these averages for follow-up statistical analysis. 
The SII index and AFP levels of patients in the recurrence 

and metastasis group were significantly higher than those 
in the non-recurrence and metastasis group (P < 0.001). 
See Table 2.

Cox proportional hazards regression analysis of factors 
affecting recurrence and metastasis of patients with 
primary liver cancer
Tumor size, vascular tumor thrombus, vascular inva-
sion, tumor capsule, SII index, and AFP level were used 
as independent variables and assigned values. Recurrence 
or metastasis after interventional treatment were defined 
as the dependent variable, and the assignment informa-
tion was shown in Table  3. Cox proportional hazards 
regression analysis confirmed that tumor size ≥ 5  cm, 
presence of vascular tumor thrombus, presence of vas-
cular invasion, no tumor capsule, SII index, AFP Levels 
were closely related to the recurrence and metastasis of 
patients with primary liver cancer (P < 0.05). See Table 4.

Table 1  Comparison of baseline data (x̄ ± s, %)
Baseline data recurrence and metastasis 

group (n = 110)
non-recurrence and metas-
tasis group (n = 76)

t/χ2 P

Age (years) ≤ 50 53(48.18) 46(60.53) 2.751 0.097
>50 57(51.82) 30(39.47)

Gender (%) Male 61(55.45) 37(48.68) 0.827 0.363
Female 49(44.55) 39(51.32)

BMI (kg/m2) 23.25 ± 1.87 23.88 ± 4.26 1.373 0.172
Hepatitis B Negative 45(40.91) 33(43.42) 0.117 0.733

Positive 65(59.09) 43(56.58)
Tumor size ≥ 5 cm 70(63.64) 35(46.05) 5.653 0.017

<5 cm 40(36.36) 41(53.95)
Child-Pugh grade Grade A 63(57.27) 42(55.26) 0.074 0.784

Grade B 47(42.73) 34(44.74)
Number of lesions Single focus 58(52.73) 35(46.05) 0.801 0.371

Multifocal 52(47.27) 41(53.95)
Vascular tumor thrombus Yes 50(45.45) 23(30.26) 4.350 0.037

No 60(54.55) 53(69.74)
Vascular invasion Yes 44(40.00) 18(23.68) 5.384 0.020

No 66(60.00) 58(76.32)
Tumor capsule Complete 58(52.73) 55(72.37) 7.919 0.019

Incomplete 42(38.18) 15(19.74)
Absence 10(9.09) 6(7.89)

Table 2  Comparison of serological indicators (x̄ ± s, %)
Groups Cases SII AFP(ng/ml)
recurrence and metastasis 
group

110 420.76 ± 253.30 344.25 ± 98.33

Non-recurrence and metas-
tasis group

76 283.36 ± 101.56 198.25 ± 72.30

t 4.483 11.042
P <0.001 <0.001
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ROC curve analysis the predicting value of SII and AFP 
levels in recurrence and metastasis in patients with 
primary liver cancer after interventional treatment
ROC curve analysis results revealed that the areas under 
the curve (AUC) of SII and AFP levels alone predicted 
recurrence and metastasis of liver cancer patient after 
intervention were 0.797 and 0.839, respectively. The AUC 
of combined SII and AFP was 0.910, which was higher 
than that of single indicator. See Table 5; Fig. 1.

Kaplan-Meier survival analysis
After a 3-years of follow-up, the overall survival rate of 
the 186 patients was 45.70% (85/186). Patients were 
divided into the SII high-level group and the SII low-level 
group based on the cutoff value of SII by ROC curve. 
The Kaplan-Meier survival curve analysis showed that 
patients with high SII levels had shorter survival time 
than that of patients with low SII levels (P < 0.05). See 
Fig. 2.

Discussion
Primary liver cancer causes great threat to patients due 
to high incidence and mortality. Because of high ability 
to metastasis, the 5-year survival rate of patients with 
primary liver cancer is still 60% after radical resection; 
moreover, patients underwent local palliative treatment 
have higher incidence of metastasis and recurrence [19]. 
Even if tumor is completely resected or ablated, some 
cancer cells or tiny lesions are difficult to detect due to 
invasion of peritumoral tissue and vascular tumor throm-
bus formation [20]. These remaining cancer cells had high 
ability to proliferation and will form new tumors, leading 
to the recurrence of liver cancer [21]. It is known that 
portal vein tumor thrombus, tumor number, maximum 
tumor diameter, tumor differentiation degree, capsule, 
resection margin are closely related to the development 
and prognosis of liver cancer [22]. However, lacking of 
reliable markers in clinical practice makes it difficult to 
timely identify tumor recurrence and metastasis.

SII, as an indicator to reflect systemic inflammatory 
and immune status, has recently drawn increasing atten-
tion in tumors [23, 24]. SII is associated with prognosis of 
cancers, such as gastric cancer [25], colorectal cancer [26] 
and urinary system tumors [27]. A meta-analysis revealed 
that high SII levels were associated with poor progres-
sion-free survival (PFS), overall survival (OS) and tumor-
specific survival (CSS) in patients with multiple urinary 
system tumors [27]. Furthermore, high SII not only 
means worse OS, but may also be associated with adverse 
pathological characteristics, including larger tumor size, 
lower differentiation, and later tumor stage [28]. Tumor 
cells can interfere with immune cells to escape immune 
cell surveillance and clearance, patients with high SII lev-
els may have high inflammatory response and immune 
evasion [23]. Intriguingly, a previous study confirmed 
that the increased SII was a potential prognostic fac-
tor for patients with hepatocellular carcinoma after liver 

Table 3  Assignment of independent variables
Independent 
variables

Assignment 
condition

X1 Tumor size 0 = <5 cm, 1 = ≥ 5 cm
X2 Vascular tumor 

thrombus
0 = no, 1 = yes

X3 Vascular invasion 0 = no, 1 = yes
X4 Tumor capsule 0 = no, 1 = yes
X5 SII index 0=<370.26, 

1 = ≥ 345.26
X6 AFP levels 0=<274.25, 

1 = ≥ 274.25
Y recurrence and 

metastasis
0 = no, 1 = yes

Table 4  Cox proportional hazards regression analysis of factors affecting recurrence and metastasis of patients with primary liver 
cancer
Index β SE Wald P value OR 95%CI
Tumor size 1.849 0.755 5.994 0.014 6.354 1.446–27.924
Vascular tumor thrombus 0.103 0.052 3.900 0.048 1.108 1.001–1.227
Vascular invasion 0.309 0.145 4.525 0.033 1.362 1.025–1.810
Tumor capsule 0.282 0.126 5.032 0.025 1.326 1.036–1.696
SII index 2.496 0.818 9.315 0.002 12.130 2.442–60.240
AFP levels 0.633 0.250 6.418 0.011 1.883 1.154–3.071

Table 5  ROC curve analysis the predicting value of SII and AFP levels in recurrence and metastasis in patients with primary liver cancer 
after interventional treatment
Index AUC 95%CI P Sensitivity Dpecificity Cut-off value Youden’s index
SII 0.797 0.735–0.860 0.001 90.79 57.27 375.56 0.481
AFP 0.839 0.782–0.897 0.001 76.32 78.18 287.10 0.545
Combined 0.910 0.868–0.952 0.001 92.11 81.82 / 0.739
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transplantation [17]. In this study, compared with the 
non-recurrence and metastasis group, higher SII index 
was observed in the recurrence and metastasis group, 
which indicates that preoperative SII index were closely 
related to early recurrence and metastasis in patients with 
primary liver cancer after surgical resection. The specific 
mechanisms may include the following points [29, 30]: 
first, high SII levels mean excessive body’s inflammatory 
response that is conducive to tumor growth and metas-
tasis; second, high SII levels may weaken immune sur-
veillance functions, making tumors cells have high ability 
to escape immune clearance; finally, high SII levels can 
further promote tumor growth and metastasis by affect-
ing the distribution and function of immune cells within 
tumor microenvironment. SII can be calculated through 
peripheral blood platelet, neutrophil and lymphocyte. 
Intriguingly, neutrophils can degrade extracellular matrix 
components and disrupt the integrity of basement mem-
brane by secreting matrix metalloproteinases (MMPs) to 
facilitate migration and invasion of tumor cells; more-
over, neutrophils can also release vascular endothelial 

growth factor (VEGF) and other pro-angiogenic factors 
to promote angiogenesis to support tumor growth and 
metastasis [10, 13]. Platelets can release various growth 
factors and cytokines to promote proliferation, migra-
tion, and invasion of tumor cells, such as platelet-derived 
growth factor (PDGF) and transforming growth factor-β 
(TGF-β) [12, 16]. Lymphocytes play a key role in tumor 
immune surveillance. CD8 + T lymphocytes are the main 
effector cells of anti-tumor immunity and can recognize 
and kill tumor cells, and the decreases of their number 
and function will lead to tumor cell escape from immune 
clearance [14]. It is known that there is abundant infiltra-
tion of inflammatory cells in liver cancer tissues, which 
can secrete various cytokines and chemokines to gener-
ate an inflammatory microenvironment that is condu-
cive to the survival, metastasis and recurrence of tumor 
[31]. In addition, cytokines in inflammatory microen-
vironment, such as IL-6 and IL-8, can activate various 
signaling pathways to evoke epithelial-mesenchymal 
transition (EMT) process that will cause tumor cells to 
lose polarity and obtain strong migration and invasion 

Fig. 1  ROC curve analyzed the predicting value of SII and AFP levels in recurrence and metastasis in patients with primary liver cancer after interventional 
treatment
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capabilities to facilitate tumor metastasis [31, 32]. The 
tumor microenvironment of liver cancer patients makes 
it an important basis for SII to exert its predictive value. 
Most patients with liver cancer have viral infections of 
hepatitis B or C, which will lead to long-term chronic 
inflammatory stimulation and cause immune dysfunc-
tion in the body. The number of neutrophils increases 
after inflammatory stimulation, and they can release vari-
ous pro-inflammatory factors and proteases to promote 
cancer cell proliferation, invasion and metastasis; at the 
same time, the decreases of their function and number 
may lead to decline of the body’s immune surveillance 
ability and tumor cell escape from immune clearance [13, 
31]. Thus, under the inflammatory microenvironment, 
SII can more comprehensively reflect the imbalance of 
immune inflammation in liver cancer patients, which is 
more valuable for reference than a single cell index.

AFP is a special glycoprotein synthesized by liver cells 
during fetal period and its content in serum of normal 
adults is very low; however, AFP is elevated when liver 
cells undergo cancerous transformation [33]. In patients 
with liver cancer, AFP levels are increased because 
liver cancer cells can reactivate gene expression dur-
ing the embryonic period and produce AFP [33]. In this 
study, higher SII index and AFP levels were observed 
in the recurrence and metastasis group relative to the 
non-recurrence and metastasis group, suggesting that 
preoperative SII index and AFP levels were closely cor-
related with early recurrence and metastasis in patients 
with primary liver cancer after surgical resection. The 

mechanism of AFP in predicting liver cancer recurrence 
and metastasis mainly involves the following aspects [34, 
35]: first, high levels of AFP indicate that liver cancer cells 
have strong capabilities to growth and invasion; second, 
AFP can serve as an adhesion molecule of liver cancer 
cells to promote cancer cell adhesion to vascular endo-
thelial cells, thereby facilitating cell metastasis; finally, 
AFP may contribute to liver cancer cell invasion and 
metastasis by regulating degradation and remodeling of 
extracellular matrix.

Next, Cox proportional hazards regression model 
confirmed that tumor size ≥ 5  cm, presence of vascular 
tumor thrombus, presence of vascular invasion, absence 
of tumor capsule, SII index, and AFP level were closely 
related to the recurrence and metastasis in patients 
with primary liver cancer after interventional treat-
ment. It is a fact that tumor size reflects time of cancer 
occurs and severity, and larger tumor diameter means the 
sooner relapse after tumor resection and higher recur-
rence rate. The reason may be that large tumors often 
have micro-metastasis beyond resection margin during 
surgical resection, which greatly reduces possibility of 
radical resection of tumor and makes it easy to relapse 
and worsen prognosis [36]. Vascular tumor thrombus 
refers to the presence of tumor emboli in blood vessels 
in resected tumor specimen, indicating that tumor has 
invaded blood vessels. Vascular tumor thrombus can 
promote local recurrence and distant metastasis, and 
can serve as a reliable indicator of distant metastasis and 
overall survival of patients with breast cancer, ovarian 

Fig. 2  Kaplan-Meier survival analysis of patients with primary liver cancer after TACE
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cancer and other tumors [37]. A complete tumor cap-
sule indicates that the boundary between tumor and 
other tissues is clear, while the absence of capsule or an 
incomplete tumor capsule indicates outward infiltration 
or spread of metastasis [38]. AFP is a recognized afford-
able oncological marker in patients with hepatocellular 
carcinoma and the persistently elevated AFP is a risk fac-
tor for the progression of hepatocellular carcinoma [39]. 
Moreover, serum levels of AFP can be useful for predict-
ing postoperative recurrence of patients with hepatocel-
lular carcinoma [40]. Therefore, AFP may be the result 
of tumor recurrence and metastasis in liver cancer, not 
necessarily independent risk factors affecting the recur-
rence and metastasis. Thus, the findings reveal that the 
increased AFP levels were closely related to the recur-
rence and metastasis in patients with primary liver can-
cer. Elevation of SII means higher inflammatory response 
and a lower immune response of patients; thus, com-
pared with a single indicator, SII has s higher sensitivity 
in assessing the development of patients [41]. Therefore, 
the current study suggests that SII is closely related to 
recurrence and metastasis in patients with primary liver 
cancer after resection, indicating that SII may act as an 
effective predictor of recurrence and metastasis in liver 
cancer patients. This study confirmed the existence of 
patients with intrahepatic recurrence and extrahepatic 
metastasis. Notably, the prognosis of patients with extra-
hepatic metastasis is often worse than that of patients 
with intrahepatic recurrence. For intrahepatic recur-
rence, tumor cells are still confined within liver and can 
be intervened to some extent by surgical resection, local 
ablation, and interventional therapy. Thus, patients with 
intrahepatic recurrence may still have a better therapeu-
tic efficacy and prognosis. However, once extrahepatic 
metastasis occurs, it means that tumor cells have broken 
through the local restrictions of the liver and spread to 
other tissues, such as the lungs, which not only elevates 
the complexity of treatment but also often renders it 
challenging to eradicate tumor cells entirely through local 
treatment methods due to the widespread distribution of 
metastatic lesions. For patients with extrahepatic metas-
tasis, systemic therapy serves as the standard treatment 
modality, such as chemotherapy, targeted therapy, and 
immunotherapy. However, due to the varying sensitivities 
of different organs to therapeutic drugs and the hetero-
geneity of metastatic lesions, some patients may have a 
poor treatment outcomes and rapid disease progression 
[42]. It has been reported that serum level of AFP is a 
useful predictor of invasion and metastasis in Barcelona 
Clinic Liver Cancer (BCLC) stage B hepatocellular carci-
noma, and AFP levels can also predict early tumor recur-
rence after surgical resection [43]. ROC curve analysis 
in this study showed that the AUC of SII and AFP levels 
alone in predicting recurrence and metastasis in patients 

with primary liver cancer after interventional treatment 
were 0.797 and 0.839, respectively, and the AUC of com-
bined prediction was 0.910, suggesting that SII combined 
with AFP have higher diagnostic value for primary liver 
cancer than alone. From the perspective of feasibility, SII 
is a novel systemic inflammatory index that integrates 
peripheral blood platelet, neutrophil and lymphocyte 
count, can effectively reflect the immune and inflamma-
tory status of the body. In this study, the SII index was 
significantly higher in the recurrence and metastasis 
group than in the non-recurrence and non-metastasis 
group, and the Cox proportional hazards regression anal-
ysis confirmed that SII was related to the recurrence and 
metastasis of primary liver cancer patients after inter-
ventional therapy. Thus, these findings indicate that SII 
may have potential application value in predicting the 
recurrence and metastasis of liver cancer patients after 
treatment.

Conclusion
Preoperative SII, as a non-invasive, low-cost, easily evalu-
ated and repeatable parameter, was closely related to 
early recurrence and metastasis in patients with primary 
liver cancer after TACE surgery, and combined with AFP 
detection may help to predict recurrence and metasta-
sis in patients with primary liver cancer after interven-
tional therapy. However, while affirming the potential 
predictive value of SII, we should also fully recognize its 
limitations. Firstly, although SII can reflect the immune-
inflammatory status of the body, it cannot directly reveal 
the biological characteristics of the tumor itself, such as 
tumor size, differentiation degree, and vascular invasion, 
which are also important factors affecting the recurrence 
and metastasis of liver cancer. Therefore, when predict-
ing the recurrence and metastasis of liver cancer patients, 
SII should be combined with other tumor markers and 
clinical pathological features to improve the accuracy and 
reliability of prediction. Secondly, the levels of SII may 
be affected by multiple factors, such as infection, inflam-
matory diseases, and drug treatment, which may cause 
temporary increases or decreases in SII levels, thereby 
leading to false positives or negatively results and affect-
ing its stability and accuracy as a predictive indicator in 
clinical utility [44, 45]. Therefore, in clinical application, 
we should combine the patient’s specific conditions and 
medical history to conduct a comprehensive analysis and 
judgment of SII levels. In future research, we will con-
tinue to explore the combination of SII and other predic-
tive models in order to provide more powerful support 
for the precision treatment of primary liver cancer.
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