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Background: Postoperative adjuvant transcatheter arterial chemoembolization (PA-TACE) can achieve 
longer overall survival (OS) and disease-free survival (DFS) in hepatocellular carcinoma (HCC) patients with 
microvascular invasion (MVI). We investigated whether this treatment strategy could benefit these patients 
by mediating the dysfunctional immunological status. Therefore, a retrospective cohort study was conducted 
to investigate the effect of early PA-TACE in HCC patients with MVI by measuring the levels of T helper 
cell 17 (Th17) and regulatory T cell (Treg).
Methods: This study retrospectively included 472 patients with HCC undergoing hepatectomy between 
December 2015 and December 2018, and 115 patients with MVI confirmed by postoperative pathology were 
enrolled and divided into two groups of TACE group and non-TACE group according to whether TACE 
was performed. HCC patients with MVI. The proportion of Treg and Th17 cells in peripheral blood was 
measured one day before and four weeks after TACE. All patients in the two groups were followed up until 
death or until the study ended in December 2023. The rates of OS and progression-free survival (PFS) in 
patients with MVI were compared between those who received hepatectomy alone and those who underwent 
early PA-TACE.
Results: Among 115 HCC patients with MVI from 472 patients, the study enrolled 51 patients with PA-
TACE into the TACE group and 42 patients without TACE into the non-TACE group. There were no 
statistical differences in baseline data between the two groups (all P>0.05). The frequency of Treg among 
CD4+ T cells in HCC patients with PA-TACE was significantly lower than baseline (7.34%±3.61% vs. 
5.82%±2.76%, P<0.001), and the frequency of Th17 among CD4+ T cells in these patients was significantly 
higher than baseline (0.49%±0.28% vs. 0.50%±0.25%, P<0.001). Among all the patients, the median OS 
was 61.8 months. The OS rate and PFS rate at 12, 36, and 60 months in the TACE group were significantly 
higher than those in the non-TACE group (all P<0.05).
Conclusions: PA-TACE may have roles in improving survival outcomes, and restoring immune 
homeostasis in HCC patients with MVI after hepatectomy.
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Introduction

Hepatocellular carcinoma (HCC), accounting for 90% of 
hepatic malignancies, is one of the leading causes of cancer-
related mortality worldwide, with a rapidly rising global 
incidence rate (1,2). Statistically, approximately 80% of newly 
diagnosed HCC patients pass away within one year (3), 
due to the aggressive nature of the disease and the lack of 
effective treatment alternatives. Although various clinical 
therapies, such as surgical resection (SR), ablation, and 
liver transplantation, were widely applied to cure HCC, 
approximately 70–80% of HCC patients relapsed within 
five years after receiving curative treatment (4-7).

Recently, microvascular invasion (MVI), the pathological 
feature reflecting the invasiveness of tumors, has been 
reported to be involved in the recurrence of HCC (8,9). 
Recent research has also demonstrated that transcatheter 
arterial chemoembolization (TACE), a safe intervention 
strategy, can effectively prevent tumor recurrence and 
increase the survival of patients with MVI. This is achieved 
by decreasing blood flow to the tumor and promoting 
the tumor ischemic necrosis by arterial injection of 
chemotherapeutic drugs and embolizing agents (10-12). 
Therefore, to make HCC patients with MVI achieve better 
clinical outcomes, postoperative adjuvant (PA)-TACE was 

considered and performed (13-16). Encouragingly, compared 
with those who did not receive PA-TACE, HCC patients 
with MVI showed longer overall survival (OS) and disease-
free survival (DFS) after receiving PA-TACE (15,16). 

With the in-depth exploration of the tumor ecosystem, it 
has been demonstrated that tumor-associated immune cells 
participate in the tumorigenesis, development, and invasion 
of tumors (17-19), suggesting a disorder and dysfunction 
of the immune system of HCC patients. With the proven 
effectiveness of TACE in HCC patients with MVI (13,14), 
we wondered whether this treatment strategy could 
benefit patients with HCC by mediating the dysfunctional 
immunological status. However, it was unclear whether 
early TACE treatment would improve outcomes while also 
working on immune imbalances. Given the functional role 
of regulatory T cell (Treg) in shaping immunosuppressive 
tumor microenvironment (TME) (20), and T helper cell 
17 (Th17) in mediating inflammation response (21), we 
investigated the changes in immune function as measured 
by the ratio of Treg and Th17 cells in the peripheral blood 
of HCC patients after TACE. The results of this study 
provide preliminary evidence that TACE can regulate the 
already imbalanced immune function in HCC patients, 
thereby improving the efficacy of HCC treatment. We 
present this article in accordance with the STROBE 
reporting checklist (available at https://jgo.amegroups.com/
article/view/10.21037/jgo-24-282/rc).

Methods

Patients and design

It was designed as a retrospective cohort study. This study 
was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
the Ethics Committee of the First Affiliated Hospital of 
Soochow University (No. 2023-334) and informed consent 
was taken from  all individual participants. This study 
retrospectively included a total of 472 patients with HCC 
who were diagnosed for the first time at the First Affiliated 
Hospital of Soochow University from December 31, 2015 
to December 31, 2018. As shown in Figure 1, 115 patients 
with MVI confirmed by postoperative pathology within  
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4 weeks were divided into two groups according to whether 
TACE was performed based on examination results and 
doctor-patient communication. Finally, after data exclusion, 
51 patients undergoing early TACE were included in the 
TACE group, and 42 patients received hepatectomy alone 
in the non-TACE group. The diagnosis of HCC was 
confirmed according to histopathological evidence after 
liver resection. All the patients’ data were obtained from 
the same period. MVI was defined as the presence of tumor 
cells that could only be seen under a microscope in a portal 
vein, hepatic vein, or significant capsule vessel of the liver 
tissue close to the tumor edge. The exclusion criteria were 
as follows: (I) imaging examination indicated insufficient 
lesions (invasive type, non-arterial enhancement, or 
maximum lesion <1 cm); (II) other primary malignant 
tumors in other organs; (III) extrahepatic neoplasms or 
tumors invading the main portal vein; (IV) Child-Pugh class 
C; and (V) uncontrolled functional or metabolic disease. 

Surgical procedures

Contrast-enhanced ultrasound, computed tomography 
(CT), or magnetic resonance imaging (MRI) were routinely 
performed before surgery to evaluate tumor status and 
resectability. Only patients with normal liver function or 
Child-Pugh grade A or selected grade B liver function 
received either large or small hepatectomy. CT volume was 
used to estimate residual liver volume in patients undergoing 
major excision. Indications of hepatectomy for liver cancer 
include Child-Pugh grade A or B, adequate residual liver 

volume (at least 30% in patients with normal liver and at 
least 40% in patients with cirrhosis or other chronic liver 
diseases) and overall good health. Intraoperatively, the 
abdominal cavity was carefully examined to determine 
the degree of local lesions, extrahepatic metastasis and 
peritoneal seeding rate, and further diagnosis was made 
through postoperative pathology.

Early TACE

TACE was performed by qualified professionals with 
specialized medical training in interventional radiology. 
Within four weeks after hepatectomy, when the patient’s 
liver function had recovered, the Seldinger technique 
was employed to implant the hepatic arterial catheter 
through the femoral artery to the proper hepatic artery, and 
TACE was performed on the whole remnant liver. Liver 
angiography, CT angiography, or both were performed 
to check for obvious tumor spots in the residual liver. An 
emulsion of doxorubicin hydrochloride (10 mg), pirarubicin 
(THP) or pharmorubicin (20–40 mg), and lipiodol (2–10 mL)  
(Lipiodol Ultrafluide, Guerbet, Aulnay-Sous-Bois, France) 
was then infused through the catheter. The dosage of 
lipiodol and doxorubicin was determined by the patient’s 
body surface area and underlying liver function.

Isolation of lymphocytes from peripheral blood 

Fresh heparinized peripheral blood was collected from  
51 patients one day before and four weeks after TACE. The 

472 patients with HCC according to histopathological evidence 
after liver resection

357 patients without MVI 115 patients with MVI

53 patients did not 
receive early TACE

62 patients received 
early TACE

11 patients with 
incomplete data

42 patients received regular 
follow-up and have regular 

Tregs/Th17 tests

11 patients loss to follow-
up or incomplete data

51 patients received early TACE 
and have regular Tregs/Th17 

tests

Figure 1 Flow chart of the enrollment of 51 HCC patients treated with early TACE. HCC, hepatocellular carcinoma; MVI, microvascular 
invasion; TACE, transarterial chemoembolization; Treg, regulatory T cell; Th17, T helper cell 17.
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blood was deposited into a 5 mL EDTA tube. Peripheral 
blood mononuclear cells (PBMCs) were isolated from fresh 
blood by Ficoll-Paque density gradient centrifugation and 
frozen until use.

Antibodies used in the study

PBMC was divided into Th17 cells and Treg cells. The 
following fluorochrome-conjugated monoclonal antibodies 
were purchased from American BD Company and used 
for flow cytometry: FITC-labeled CD4 antibody and PC-
labeled CD25 antibody were used to identify Treg cells, 
while PE-CD127, PE-CD3, PC-CD8, and PE-IL-17 
antibodies were used to detect Th17 cells. FACS Express 3.0 
software was used for data analysis.

Follow-up of the two groups of patients

All patients enrolled in the two groups were followed up 
through regular outpatient visits and inpatient examinations 
every 2–4 weeks until death or until the study ended in 
December 2023. The 12-, 36-, and 60-month OS and 
progression-free survival (PFS) rates in patients with MVI 
were compared between patients who received hepatectomy 
alone and those who underwent early PA-TACE.

Statistical analysis

Continuous variables following a normal distribution were 
expressed as mean ± standard deviation (SD) and compared 
using a two-tailed unpaired t-test. For variables inconsistent 
with a normal distribution, the results were presented as 
median (range), and compared using the Mann-Whitney 
U test. Categorical variables were compared using the chi-
squared test or Fisher’s exact test. Cumulative OS and PFS 
rates were estimated using the Kaplan-Meier method and 
compared using the log-rank test. All data analyses were 
carried out using SPSS version 22.0. A two-tailed P<0.05 
was considered statistically significant.

Results

Patient characteristics and treatment administration

From December 2015 to December 2018, the study 
enrolled 42 HCC patients with MVI who received PA-
TACE (31 males, 11 females) and 51 patients without TACE 
(37 males and 14 females). The baseline characteristics of 

HCC patients treated with TACE and without TACE are 
shown in Table 1. There were no statistically significant 
differences in the comparison of baseline characteristics 
of HCC patients between the two groups (all P>0.05), 
showing comparability between the two groups. The mean 
age of the enrolled patients was 65.27±12.08 years and 
hepatitis B virus (HBV) was identified as the main etiology. 
Tumor characteristics included a mean tumor diameter of 
7.6±2.5 cm, with 47.06% presenting as solitary nodules, 
a median alpha-fetoprotein (AFP) level of 149.31 ng/mL,  
and extrahepatic metastasis observed in 13 cases (25.49%). 
Serum biochemical indicators revealed mean levels of total 
bilirubin at 1.45±0.92 mg/dL, median alanine aminotransferase 
(ALT) levels at 32.29 U/L, prothrombin time at 14.56±3.78 s,  
and median platelet counts at 116×109/L. All patients who 
received early TACE treatment were Child-Pugh grade A 
(33 cases, 64.71%) and B (18 cases, 35.29%).

Comparison of baseline and post-TACE Treg and Th17 in 
HCC patients within the TACE group

Firstly, flow cytometry was applied to assess the abundance 
of Treg and Th17 in the PBMC (Figure 2). As shown in 
Table 2, HCC patients who received TACE had significantly 
lower levels of Treg among CD4+ T cells (7.34%±3.61% vs. 
5.82%±2.76%, P<0.001), but a higher abundance of Th17 
among CD4+ T cells (0.49%±0.28% vs. 0.50%±0.25%, 
P<0.001) compared to the baseline. These findings indicate 
the lower immunosuppressive and higher inflammatory 
response of patients who received TACE.

HCC patients who received TACE had better clinical 
outcomes 

According to the statistics, the median OS of all patients 
included in the study was 61.8 months, and the 12-, 36-, 
and 60-month OS rates were 81.2%, 70.3%, and 52.6%, 
respectively (Table 3). The median OS of patients with 
TACE was 60 months compared to 37 months in patients 
without TACE, which was significant in the univariate 
analysis (P=0.006, Figure 3 and Table 3). The median PFS 
for all patients was 45.6 months, and the 12-, 36-, and 
60-month PFS rates were 79.2%, 60.1%, and 42.5%, 
respectively. Specifically, compared to patients without 
TACE after hepatectomy, patients with TACE had longer 
median PFS time (48 vs. 26 months) and higher 12-, 36-, 
and 60-month PFS rates (82.1%, 58.8%, and 44.7%, vs. 
81.6%, 46.2%, and 17.5%) (P=0.025, Figure 3 and Table 3).
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Discussion

As a potentially radical therapy for HCC, liver resection 
can extend the survival of HCC patients compared to other 
palliative treatments (22,23). However, approximately 
70–80% of HCC patients relapse within five years after 
receiving curative treatment (4-7). Some studies reported 
that MVI, a pathological characteristic reflecting the 
invasion of tumor cells, is a major independent prognostic 
factor for HCC patients (22,23), and might participate 
in the recurrence and worse outcomes (9,24). Currently, 
TACE is the first-line therapy for people with unresectable 
HCC, and is the first course of treatment for HCC patients 
with MVI (25-27), due to the effective function of TACE 
to block the nutrient vessels of invisible metastatic liver 
cancer and maintain the sustainable chemotherapeutic 
killing of tumor cells (10-12). Recently, some clinical trials 

reported that PA-TACE may be the most beneficial for 
HCC patients with high-risk recurrence factors because of 
its potential to delay cancer recurrence (28,29), while other 
studies observed the opposite, especially in MVI-negative 
patients (30,31). We reviewed liver cancer patients who 
underwent hepatectomy in the First Affiliated Hospital of 
Soochow University from December 2015 to December 
2018. A total of 472 patients received surgical treatment, 
115 patients were pathologically confirmed with MVI after 
surgery (accounting for 24.36% of the total number of 
cases), and 62 patients received early postoperative TACE 
therapy. HBV remains the main cause, which is consistent 
with the results of the cancer epidemic survey in China (32).  
By injecting chemotherapy drugs and embolic agents into the 
artery, TACE reduces blood flow to the tumor and induces 
tumor avascular necrosis (7). TACE can also modulate 
specific circulating immune cell subsets, including CD4+ T 

Table 1 The baseline characteristics of HCC patients treated with and without TACE

Characteristic TACE group (n=42) Non-TACE group (n=51) P value

Gender (male:female) 31:11 37:14 0.81

Age, years, mean ± SD 61.69±9.27 62.78±9.97 0.44

Etiologies, n (%) 0.82

HBV 30 (71.43) 38 (74.51)

Others 12 (28.57) 13 (25.49)

AFP, ng/mL, median [IQR] 143.5 [70.25–315.5] 192 [71–425.5] 0.32

TBIL, μmol/L, mean ± SD 20.43±7.647 22.17±6.704 0.25

Albumin, g/L, mean ± SD 32.29±5.637 33.82±6.160 0.22

ALT, U/L, median [IQR] 65 [38–81.5] 54 [40–87] 0.66

PT, s, mean ± SD 12.96±2.558 12.23±2.69 0.19

Platelet, 109/L, median [IQR] 71 [42–133] 72 [54–98] 0.89

Treg/CD4+ T cells (%), mean ± SD 7.48 ±1.94 7.34±3.63 0.81

Th17/CD4+ T cells (%), mean ± SD 0.47±0.25 0.49±0.25 0.66

Tumor size, cm, mean ± SD 7.15±3.05 6.662±3.61 0.48

Tumor number (solitary, %) 21 (50.00) 24 (47.06) 0.84

Extrahepatic metastasis, n (%) 12 (28.57) 13 (25.49) 0.82

Child-Pugh grade, n (%)

A 11 (26.19) 33 (64.71) 0.38

B 31 (73.81) 18 (35.29) 0.38

HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization; SD, standard deviation; HBV, hepatitis B virus; AFP, alpha-
fetoprotein; IQR, interquartile range; TBIL, total bilirubin; ALT, alanine aminotransferase; PT, prothrombin time; Treg, regulatory T cell; Th17, 
T helper cell 17.
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Figure 2 Flow cytometry chart. (A) The Th17 cell proportion of HCC patients. (B) The Treg cell proportion of HCC patients. Th17, 
T helper cell 17; HCC, hepatocellular carcinoma; SSC-H, side scatter height; ECD, epsilon/CD3e protein; IL-17, interleukin 17; PC, 
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cells (Th1, Th17 and Treg cells), CD8+ T cells, natural killer 
(NK) cells and Natural killer T (NKT) cells, to delay tumor 
development (33). Th17 cells are pro-inflammatory Th cells, 
and Treg cells can inhibit Th17 cells (34). We selected Treg 
and Th17 cells as representatives, and the results showed 
that TACE could significantly change the proportion of 

CD4+T cells and improve their balance (33,35). Further 
research showed that PA-TACE was related to OS. With and 
without TACE, the OS rate at 1, 3 and 5 years were 82.5% 
and 68%, 71.6% and 51.3%, 53.5% and 35.3%, respectively. 
PA-TACE was also related to PFS. For patients with and 
without TACE, the PFS rate at 12, 36 and 60 months  

Table 2 Change in the number of baseline and post-TACE Treg and Th17 in HCC patients within the TACE group

Indexes Baseline, mean ± SD Post-TACE, mean ± SD t value P value

Treg (%) 7.34±3.61 5.82±2.76 −3.09 <0.001

Th17 (%) 0.49±0.28 0.50±0.25 −4.05 <0.001

TACE, transarterial chemoembolization; Treg, regulatory T cell; Th17, T helper cell 17; HCC, hepatocellular carcinoma; SD, standard  deviation.

Table 3 Median, 12-, 36-, and 60-month overall survival and progression-free survival in all patients, TACE group, and non-TACE group

Variable All patients TACE group Non-TACE group P value

Overall survival

Median (months) 61.8 60 37 0.006

12-month (%) 81.2 82.5 68

36-month (%) 70.3 71.6 51.3

60-month (%) 52.6 53.5 35.3

Progression-free survival

Median (months) 45.6 48 26

12-month (%) 79.2 82.1 81.6 0.03

36-month (%) 60.1 58.8 46.2

60-month (%) 42.5 44.7 17.5

TACE, transarterial chemoembolization.
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Figure 3 The two-group analyses of OS and PFS in HCC patients with MVI. OS, overall survival; PFS, progression-free survival; HCC, 
hepatocellular carcinoma; MVI, microvascular invasion; TACE, transarterial chemoembolization.
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were 81.2% and 81.6%, 58.8% and 46.2%, 44.7% and 
17.5%, respectively. This was consistent with previous 
studies that PA-TACE after hepatectomy could improve the 
prognosis of patients with MVI of HCC (13,36,37).

TACE reduces blood flow to the tumor and induces 
tumor ischemic necrosis, as well as regulates the natural 
imbalance of the immune microenvironment. The 
diagnosis of MVI can only be determined by histological 
examination of the excision specimen. Therefore, 
adjuvant hepatectomy therapy plays a key role in delayed 
recurrence. Unfortunately, PA-TACE is not widely used in 
postoperative adjuvant therapy, and we hope that this trial 
will be helpful for clinical operations.

Tumorigenesis, metastasis, and drug resistance are related 
to a variety of factors. Skp2 plays multiple roles in malignant 
tumors (38). SKP2 is over-expressed in HCC tissues, and 
its over-expression is associated with poor prognosis (39).  
Lung cancer is a typical type of cancer resistant to 
chemotherapy. A study of lung cancer-related resistance 
mechanisms has identified MARCKSL1-2 as a promising 
target for improving lung adenocarcinoma chemotherapy (40).  
Yu et al. conducted reverse transcription-quantitative 
polymerase chain reaction (RT-qPCR) and found that 
exosomal LOC85009 inhibits docetaxel (DTX) resistance 
by regulating ATG5-induced autophagy via USP5/USF1 
axis (41), and CPSF6-mediated XBP1 3’UTR shortening 
attenuates cisplatin-induced ER stress and elevates chemo-
resistance in lung adenocarcinoma (42). Triple-negative 
breast cancer (TNBC) is another representative of liver 
metastasis and chemotherapy resistance, and is considered 
the most hazardous subtype of breast cancer owing to its 
accelerated progression, enormous metastatic potential, and 
refractoriness to standard treatments (43). It has been shown 
that the METTL3/YTHDF1 axis up-regulates GPRC5A 
expression by m6A methylation. GPRC5A activates the 
Mtorc1/p70s6k signaling pathway by recruiting Mtorc1 
to lysosomes and consequently promotes DTX resistance 
and liver metastasis (44,45). Tumorigenesis, metastasis, 
and drug resistance of HCC have their own characteristics 
and complex mechanisms, and this study mainly involves 
the preliminary exploration of MVI therapy. Our study has 
some limitations. As this was a small-sample retrospective 
cohort study, the results may be susceptible to unmeasured 
confounding factors. Further multicenter randomized 
controlled studies should be conducted with longer follow-
ups to validate and extend the results of this study.

Conclusions

This study retrospectively suggests that PA-TACE may 
have roles in improving survival outcomes, and restoring 
immune homeostasis in HCC patients with MVI after 
hepatectomy.
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