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Abstract. The present study aimed to investigate the effects 
of transarterial chemoembolization (TACE) on the immune 
function of patients with hepatocellular carcinoma (HCC). 
A total of 114 patients with HCC were selected and their 
peripheral blood was collected before and 1 month after TACE 
treatment. Flow cytometry and reverse transcription‑quantitative 
PCR were performed to analyze the changes in immune 
function in patients before and after treatment. Kaplan‑Meier 
curves were plotted for survival analysis. The programmed cell 
death ligand 1 (PD‑L1) and programmed cell death protein 1 
(PD1) expression before TACE treatment were significantly 
higher in patients with poor TACE response compared with 
those patients with well response. Higher PD‑L1 mRNA 
expression in the peripheral blood mononuclear cells after 
TACE predicted a superior prognosis. After TACE treatment, 
the proportion of CD4+/CD8+ cells were decreased while the 
expression levels of programmed cell death protein 1 (PD1) 
were significantly increased. To conclude, TACE could reduce 
the proportion of CD4+/CD8+ cells and improve the mRNA 
expression levels of PD1 in patients with HCC. The expression 
levels of PD1 and PD‑L1 were closely related to the therapeutic 
effect of TACE and the prognosis of patients with HCC. TACE 
combined with immunotherapy may have potential clinical 
value for patients with HCC.

Introduction

Hepatocellular carcinoma (HCC) is a common tumor of 
the digestive system and the second leading cause of tumor 
deaths worldwide (1). The pathogenesis of HCC is complex, 
involving environmental factors, dietary habits and familial 
inheritance, and infection with hepatitis B or C virus remains a 
major risk factor (2). Chronic hepatitis develops into cirrhosis 
and eventually leads to HCC. In China, which is one of the 
highly endemic countries, hepatitis B virus carriers account 
for 20% of the total population, with a 7‑8% prevalence rate 
of hepatitis B (3,4). HCC has no specificity in the early stage 
and is a rapidly progressive disease (5). Numerous patients are 
diagnosed in the middle and late stages, with poor therapeutic 
effects and prognosis (3).

Current clinical applications include hepatectomy, liver 
transplantation, radiofrequency ablation (RFA), transarte‑
rial chemoembolization (TACE), and sorafenib (6,7). TACE 
includes different combinations of chemotherapeutic and 
embolization drugs. Injection of an embolization agent can 
obstruct the artery supplying the tumor, resulting in ischemic 
necrosis of the tumor tissue (8). Chemoembolization agents 
include anticancer drugs, such as mitomycin and carboplatin 
or drug microspheres, iodinated oil emulsions and gelatin 
sponges (6). TACE treatment has been demonstrated to 
have a positive effect on survival outcomes (9). TACE is a 
first‑line treatment for mid‑term HCC, such as asymptom‑
atic, unresectable nodular lesions, no vascular invasion or 
extrahepatic diffusion and well‑preserved liver function (10).

Lei et al (3) compared the effects of oxaliplatin alone and 
oxaliplatin combined with endostar on the immune function 
of patients with primary liver cancer. Their study revealed that 
oxaliplatin combined with endostar was effective in prolonging 
patient survival time, improving T lymphocyte subgroup levels 
and enhancing patient immunity (3). Ito et al (11) reported that 
RFA improved the efficacy of adaptive T cell therapy in murine 
models, and this can be supplemented by immunotherapy 
to achieve more effective results. However, Löffler et al (12) 
demonstrated that RFA‑induced immune effects are not 
sufficient against tumors. Therefore, the combination of 
traditional therapy and immunotherapy is worthy of further 
study. The aim of the present study was to investigate whether 
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TACE therapy was associated with immune function in 
patients with HCC.

Materials and methods

Patients. A total of 114 patients (age range, 35‑91 years old) 
with HCC were enrolled in the present study at Qingdao Sixth 
People's Hospital (Qingdao, China). Date of the first diagnosis 
of HCC was from April 2013 to February 2020. Date of the 
last follow‑up was April 2020. A total of 50 patients were 
treated by surgery, 10 by biopsies and the rest had neither 
surgery nor biopsy. The following inclusion criteria were used 
for the patients: i) First TACE treatment; ii) conformed to the 
indications of TACE treatment, with no history of radiotherapy 
or systemic chemotherapy before TACE treatment; iii) no 
autoimmune diseases present or no drugs affecting immune 
function were taken 3 months before treatment. The exclusion 
criteria used were as follows: i) Patients with metastatic liver 
cancer; ii) patients with serious heart, brain, lung, kidney and 
blood system diseases; iii) pregnant and lactating women; 
iv) patients had communication disorders, such as cases with 
hepatic encephalopathy or depression; and v) unwilling to 
participate.

The criteria for diagnosis included clinical manifestations, 
imageology, α‑fetoprotein (AFP) levels and pathological 
examination, which met the diagnostic criteria of the Chinese 
Society of Clinical Oncology guidelines for the diagnosis 
and treatment of primary liver cancer (v1; 2018) (13). All 
patients provided signed informed consent for surgery and 
were treated with TACE. Clinical data were collected by the 
hospital system. Fresh peripheral blood was collected and 
stored in tubes with EDTA anticoagulation for assessment of 
immune function before intervention and 1 month after treat‑
ment. Written informed consent was signed by all patients and 
healthy donors before participation in the study. The present 
study was approved by the Ethics Committee of Qingdao Sixth 
People's Hospital (Qingdao, China).

Liver function assessment criteria. Child‑Pugh grading 
system (14) was used to evaluate patient liver function. A total 
of five indices (including the hepatic encephalopathy, ascites, 
total bilirubin, albumin and prothrombin time) of patients 
were divided into 3 levels, corresponding to 1,2,3, respectively. 
Finally, scores were added up and a high score indicated the 
severity of liver damage. See Table I for details.

TACE procedure and treatment response evaluation. All 
patients were treated with TACE using the Seldinger tech‑
nique (15). Ultrasound‑guided percutaneous insertion of a 
retrograde catheter was performed from the femoral artery 
through the celiac trunk and hepatic artery, and the final 
location of the catheter was determined by the tumor location. 
Chemotherapeutic drugs, including fluorouracil, mitomycin 
and carboplatin were mixed with iodized oil to form a ping‑
yangmycin lipiodol emulsion. The mixture was injected into 
gelfoam to block blood supply to the tumor as embolic agents. 
The dose and type of chemotherapeutic drug depended on 
the patient's age, weight, and liver and kidney function. In 
addition, patients also underwent concomitant therapy, such 
as disodium cantharidinate (0.25 g; once daily; intravenous 

injection) for antitumor therapy, tiopronin (0.2 g; once daily; 
intravenous injection) for liver protection and supportive 
treatment, such as hemostasis and rehydration to prevent elec‑
trolyte disturbances and prophylactic antibiotics for preventing 
infection in patients after surgery. According to the Response 
Evaluation Criteria In Solid Tumors (16), the therapeutic 
effect was evaluated as follows: Complete remission (CR), 
where all target lesions had disappeared; partial response 
(PR), where the sum of the longest diameter of target lesions 
decreased by ≥30%; stable disease (SD), indicating neither PR 
nor progressive disease (PD); and PD, where the sum of the 
longest diameters of the target lesions increased by ≥20% or 
new lesions or metastases appeared. CR and PR were defined 
as a satisfactory response, while SD and PD were regarded 
as a poor response. Overall survival was defined as the time 
interval between patients undergoing TACE and death or the 
last follow‑up.

Diagnosis of liver cirrhosis. The diagnostic criteria for 
cirrhosis included: i) Pseudolobules were diagnosed through 
percutaneous liver biopsy; and ii) liver stiffness measurement 
≥17.5 kPa using FibroScan (transient elastography). Patients 
with either of the aforementioned criteria were diagnosed with 
liver cirrhosis.

Isolation of human peripheral blood mononuclear cells 
(PBMCs). Peripheral blood was collected from 114 patients with 
HCC who received TACE intervention and 20 healthy donors. 
The recruitment of healthy blood donors at the Sixth People's 
Hospital of Qingdao (Qingdao, China) began in February 2014 
and ended in October 2017. The age range of the healthy 
controls was 21‑67 years. There were 14 men and 4 women. The 
inclusion criteria used for the healthy contacts were as follows: 
i) Body mass index (BMI) between 19‑26; >45 kg for women, 
>50 kg for men; iii) understood fully the purpose of the study 
and voluntarily signed the informed consent; and iv) had no 
history of chronic or serious diseases, such as cardiovascular 
disease, and were in good general health. The exclusion criteria 
were as follows: i) Had taken any medication within 3 months; 
ii) Had any medical condition; PBMCs were separated using 
the Ficoll‑Hypaque density gradient deposition method (17). At 
room temperature, the blood diluted by PBS was centrifuged 
at 300 x g for 20 min. Cells of the mononuclear cell layer were 
collected and cleaned with PBS at room temperature at 300 x g 
for 10 min. The precipitated cells were suspended in the medium 
for later use. PBMCs were washed for 3 min using PBS at room 
temperature and further analyzed by flow cytometry or reverse 
transcription‑quantitative PCR (RT‑qPCR).

Flow cytometric analysis. Flow cytometry was used to detect 
CD3+, CD4+ and CD8+ cells. PBMCs were collected, washed 
for 3 min using PBS at room temperature and centrifuged at 
200 x g for 5 min at room temperature and the supernatant 
was discarded. FITC‑anti‑CD3 (1:200; cat. no. 561806; BD 
Biosciences), phycoerythrin‑anti‑CD4 (1:200; cat. no. 561843; 
BD Biosciences) and allophycocyanin‑Cy7‑anti‑CD8 (1:200; 
cat. no. 557760; BD Biosciences) antibodies were added, 
followed by incubation at 4˚C for 20 min. PBMCs were washed 
for 5 min using PBS at room temperature. Following centrifu‑
gation at 200 x g for 5 min at room temperature, the PBMCs 
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were resuspended with PBS containing 1% paraformaldehyde 
for fixation at room temperature, detected (FACSCanto II; 
BD Biosciences) and analyzed by CellQuest software v.5.1 
(BD Biosciences).

RNA extraction and RT‑qPCR. Total RNA was extracted from 
isolated cells using TRIzol® reagent (Thermo Fisher Scientific 
Inc.) according to the manufacturer's protocol. Extracted total 
RNA was then reverse transcribed into cDNA. The reaction 
tube containing total RNA was first held at 37˚C for 15 min 
for reverse transcription, then heated at 85˚C for 5 min for 
inactivation of reverse transcriptase, and cooled to 4˚C for 
storage. cDNA was analyzed by qPCR according to the Takara 
two‑step method (Takara Bio, Inc.). The thermocycling condi‑
tions were as follows: Firstly, 1 cycle at 95˚C for 30 sec for 
initial denaturation; followed by 40 cycles at 95˚C for 5 sec for 
denaturation and at last 60˚C for 30‑34 sec for annealing. The 
primer sequences of programmed cell death 1 ligand (PD‑L1) 
and programmed cell death protein 1 (PD1) are shown in 
Table II.

The 2‑ΔΔCq method (18) was used to quantify gene 
expression. GAPDH was used as the internal reference gene.

Statistical analysis. All experiments were performed three 
times. Quantitative data are presented as the mean ± standard 
deviation, and categorical data is shown as the number of 
cases. Comparisons between before and after treatment were 
performed using a paired t‑test. The association between the 
levels of PD1/PD‑L1 and the efficacy of TACE was assessed 
using one‑way ANOVA followed by Tukey's multiple compari‑
sons test. The association between PD1/PD‑L1 expression and 
survival time was analyzed by Kaplan‑Meier analysis with 
a log‑rank test. All data were analyzed using SPSS v22.0 

(IBM Corp.) and GraphPad Prism 8.0 software (GraphPad 
Software, Inc.). P<0.05 was considered to indicate a statistically 
significant difference.

Results

Clinicopathological characteristics of patients with HCC. 
A total of 114 patients with HCC, including 84 male and 30 
female patients, were included in the present study (Table III). 
The mean age was 66.5±12.6 years. There were 54 patients who 
were >65 years old and the remaining 60 patients were ≤65 years 
old. A total of 97 patients had hepatitis B, while 17 patients had 
hepatitis C. According to the Child‑Pugh grading system (14), 
89 cases were classified as grade A, 20 cases were classified as 
grade B and 5 cases were classified as grade C.

A total of 100 cases were diagnosed with liver cirrhosis. 
The maximum tumor diameter was >5 cm in 55 cases and 
≤5 cm in 59 cases. There were 80 cases presenting with a 
single tumor and 34 cases presenting with multifocal tumors 
(Table III). Among patients with multifocal tumors, the 
maximum diameter of multiple tumors ranged between 0.8 
and 7.5 cm, with a median of 3.4 cm. A total of 20 patients 
had two tumors, 8 patients had three tumors, 3 patients had 
four tumors, 2 patients had five tumors and 1 patient had 
more than five tumors (seven tumors). The levels of AFP 
before TACE treatment were <200 ng/ml in 54 cases, while 
60 patients exceeded these levels. After TACE treatment, AFP 
levels in 99 cases were <200 ng/ml and 15 cases remained at 
levels of ≥200 ng/ml. A total of 59 patients responded well to 
TACE, while the remaining 55 patients responded poorly. The 
end date of the follow‑up was April 2020, with a median of 
23.5 months (range, 3‑82 months). A total of 37 patients died 
and the overall mortality rate was 32.5% (Table III).

Table II. Primer sequences.

Gene Forward primer (5'‑3') Reverse primer (5'‑3')

PD‑L1 GAGGGAATGCGTATTTTGGGT AGGTTGTTCTTGTGTCACCTG
PD1 TCGTCCACTGCGGCTTTTTA GCAAGGTCGGGTATTTAAGCA
GAPDH TGTGGGCATCAATGGATTTGG ACACCATGTATTCCGGGTCAAT

PD1, programmed cell death protein 1; PD‑L1, programmed cell death 1 ligand 1.

Table I. Child‑Pugh grading system.

 Score
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Indices 1 2 3

Total bilirubin (µmol/l) <34.2 34.2‑51.3 >51.3
Albumin (g/l) ≥35 28‑35 <28
Prothrombin time (sec) 1‑4 4‑6 >6
Hepatic encephalopathy (grade) None 1 or 2 3 or 4
Ascites None Mild Moderate

It was graded as 5‑6 points for Child‑Pugh‑A; 7‑9 points for Child‑Pugh‑B; and 10‑15 points for Child‑Pugh‑C.
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Effects of TACE treatment on the immune function of 
patients. To further verify the effects of TACE treatment on 
the immune function of patients, the immune status of patients 
was examined before and after TACE treatment. The levels of 
CD3+, CD4+/CD8+, PD1 and PD‑L1 were selected as indices 
to evaluate immune function (Table IV, Fig. 1). Before patients 
underwent TACE treatment, the mean values of PD1 and PD‑L1 
mRNA expression levels were 2.496 and 2.853, respectively. 
After TACE treatment was performed, the mean values of 
PD1 and PD‑L1 mRNA expression levels were 4.312 and 3.11, 
respectively. CD4+/CD8+ significantly decreased after TACE 
treatment (P<0.001). Notably, the relative mRNA expression 
levels of PD1 were significantly upregulated (P<0.001). The 
mRNA expression levels of PD‑L1 were also increased after 
TACE treatment; however, this difference was not significant 
(P=0.083). In addition, there was no significant difference 
observed in CD3+ levels (P=0.167).

To further clarify the association between the therapeutic 
effects of TACE and PD1/PD‑L1 expression, the mRNA 
expression levels of PD‑L1/PD1 were detected in healthy 
donors and patients, which were divided into well or poor 
response to TACE groups (Fig. 2A and B). Compared with 
healthy subjects, the expression levels of PD‑L1/PD1 in 
patients with HCC were significantly increased (P<0.001). The 
mRNA expression levels of both PD‑L1 (Fig. 2A) and PD1 
(Fig. 2B) in patients with HCC with poor TACE response were 
higher compared with those in patients with satisfactory TACE 
response (all P<0.001). Kaplan‑Meier curves were plotted to 
analyze the survival of patients with high and low expression 
levels of PD1/PD‑L1. According to the average mentioned in 
Table IV, patients were divided into two groups for further 
analysis. Before patients underwent TACE treatment, PD1 
mRNA levels >2.5 and PD‑L1 mRNA levels >3.0 were 
regarded as high PD1/PD‑L1 expression levels, respectively. 
After TACE treatment was performed, PD1 mRNA expression 
>4.0 and PD‑L1 mRNA expression >3.0 were considered as 
high PD1/PD‑L1 expression levels, respectively. There was no 
statistical difference in survival prognosis between the high 
expression PD1 (P=0.761)/PD‑L1 (P=0.221) group and the 
low expression group before TACE treatment (Fig. 2C and D). 
However, after TACE treatment, PD‑L1 expression could be 
used to predict the prognosis of patients with HCC. After 
TACE treatment, compared with high PD‑L1 expression, high 
PD‑L1 expression significantly indicated improved prognosis 
(P=0.017), while the expression level of PD1 (P=0.371) could 
not predict the prognosis before and after TACE treatment 
(Fig. 2E and F).

Discussion

The immune system serves an important role in tumor progres‑
sion (19). The interaction between the tumor and immune 
system can be divided into three stages: Immune elimination, 
immune balance and immune escape (20). In the early stages 
of tumorigenesis, natural killer cells recognize and kill cancer 
cells, and the debris is consumed by macrophages. Dendritic 
cells exposed to cancer cell antigens secrete inflammatory 
cytokines and present neoantigens to T cells (20,21). T cells and 
B cells are then activated, resulting in the activation of cellular 
immunity, which results in protection against inflammation 

Table III. Clinicopathologic characteristics of patients with 
hepatocellular carcinoma (n=114).

Characteristics Value

Sex, n 
  Male 84
  Female 30
Mean age ± std, years 66.5±12.6
Age, n 
  >65 years 54
  ≤65 years 60
Etiology, n 
  Hepatitis B 97
  Hepatitis C 17
Child‑Pugh classification, n 
  A 89
  B 20
  C 5
Liver cirrhosis, n 
  Present 100
  Absent 14
Tumor size, n 
  ≤5 cm 59
  >5 cm 55
Tumor number, n 
  Single 80
  Multiple 34
Median maximum diameter of multiple 3.4 (0.8‑7.5)
tumors, cm (range) 
Maximum diameter of multiple 
tumors, n
  <2 cm 12
  2‑5 cm 12
  >5 cm 10
Number of multiple tumors, n 
  2 20
  3 8
  4 3
  5 2
  >5 1
AFP before TACE treatment, n (ng/ml) 
  <200 54
  ≥200 60
AFP after TACE treatment, n (ng/ml) 
  <200 99
  ≥200 15
TACE response, n 
  Poor 55
  Well 59
Median follow‑up, months (range) 23.5 (3‑82)
Overall mortality 37 (32.5%)

AFP, α‑fetoprotein; TACE, transarterial chemoembolization.
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in the body (22). A study by Ge et al (23) on the influence 
of immune cell infiltration on the prognosis of patients with 
colon cancer indicated that CD4+ T cell infiltration exerted 
marked antitumor effects. A high density of CD8+ T cells in 
advanced gastric cancer has been considered to be associated 
with favorable prognosis (24). In the present study, PBMCs 
from 114 patients with HCC were collected to determine 
the effects of TACE therapy on the immune system. The 
CD4+/CD8+ ratio decreased after TACE treatment, indicating 
that the CD8+ cells were increased and immune function of the 
patients was restored (25).

Tumor cells can evade immune surveillance through a 
variety of mechanisms, including activating immune check‑
points to suppress the antitumor immune response (26). PD1 
is expressed on activated T cells, B lymphocytes and natural 
killer cells. PD1 binds to tumor cells with its cognate ligands 
(PD‑L1), thereby inhibiting T cell proliferation and response, 
suppressing patient immunity and helping tumor immune 
escape (27). Studies have revealed that PD1/PD‑L1 expression 
in non‑small cell lung cancer, glioblastoma and lymphoma is 
associated with patient prognosis (28‑31). High PD1 expres‑
sion has been demonstrated to predict improved prognosis in 

patients with breast cancer (32). A recent study indicated that 
PD1 has different effects on the prognosis of different subtypes 
of lymphoma (33). In the present study, the association 
between PD1/PD‑L1 expression and TACE was also analyzed. 
After TACE treatment, the mRNA expression levels of both 
PD1 and PD‑L1 were increased, and patients with low PD‑L1 
mRNA expression had a poor prognosis. This result is consis‑
tent with that of Hanna et al (34), which showed the high 
expression of PD‑L1 was associated with a good prognosis 
in young women with oral cavity squamous cell carcinoma. 
It has been reported that PD‑L1 upregulation is associated 
with antitumor inflammatory response induced by CD8 cell 
infiltration (34,35). However, the effect of TACE treatment 
on PD‑L1 expression and function of immune cells remains 
unclear. The association between PD‑L1 and prognosis and the 
intrinsic mechanism require further investigation.

In recent years, immunotherapy has developed rapidly and 
obtained remarkable achievements. Lee et al (36) revealed that 
the combination of cytokine‑induced killer cell therapy with 
RFA or TACE could improve patient outcomes. Lee et al (37) 
reported a positive association between PD‑L1 and sorafenib 
resistance. These results suggested that PD‑L1 inhibitors 

Table IV. Immune parameters in patients with hepatocellular carcinoma before and after TACE treatment.

Parameter Before TACE treatment After TACE treatment t P‑value

CD4+/CD8+ (mean ± std) 1.818±0.720 1.462±0.717 4.141 <0.001
CD3+ (mean ± std) (µl) 81.632±6.141 82.658±5.867 ‑1.392 0.167
PD1 relative mRNA level 2.496±0.939 4.312±0.558 ‑17.801 <0.001
PD‑L1 relative mRNA level 2.853±1.048 3.113±1.209 ‑1.679 0.083

PD1, programmed cell death protein 1; PD‑L1, programmed cell death 1 ligand 1; TACE, transarterial chemoembolization.

Figure 1. CD3/CD4/CD8 cells representative flow cytometry images before and after TACE treatment. The abscissa is the relative fluorescence intensity and the 
ordinate is the number of cells. Cell samples were divided into two groups according to fluorescence intensity. The left peak consisted of the CD3‑/CD4‑/CD8‑ 
cell population, and the right peak consisted of the CD3+/CD4+/CD8+ cell population. TACE, transarterial chemoembolization.
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combined with sorafenib may be a novel strategy to prevent 
or overcome sorafenib‑acquired resistance in patients with 
HCC (38). In the present study, the expression levels of PD‑L1 
and PD1 in patients with poor response were higher than those 
in patients with good response before TACE treatment. In 
addition, the mRNA expression levels of both PD1 and PD‑L1 
were increased after TACE treatment. Therefore, further 
studies are required to determine the therapeutic effects of 
TACE and immunotherapy combination strategy.

Although the present results indicated that TACE combined 
with immunotherapy has potential clinical value for patients 
with HCC, there were also several limitations in the present 
study. Firstly, the specific mechanism of the increase in PD1 and 
PD‑L1 in PBMCs was not investigated. As for the mechanism 
of TACE‑induced PD1/PD‑L1 mRNA upregulation, related 
studies have reported that, following chemotherapy and targeted 
drug treatment, residual tumor cells can restore the stemness 
and enhance immune escape, which is one of the reasons for 
the failure of existing treatment models (39‑41). Furthermore, 
residual tumor cells have been demonstrated to reshape the 
surrounding immune microenvironment by upregulating the 
levels of inhibitory cytokines, such as IL‑1 and MMP family 
proteins, to force suppressive immune cells in the immune 

microenvironment to complete the immune escape and promote 
the recurrence of tumor cells (40,42). Due to abundant blood flow 
in the liver, suppressive cytokines and immune cells may affect 
the PD1/PD‑L1 levels in peripheral blood lymphocytes (43,44). 
Further studies will be required to evaluate the intrinsic mecha‑
nism. Secondly, the present study used RT‑qPCR to detect the 
expression levels of PD1/PD‑L1 instead of flow cytometry based 
on previous studies (45‑47), which performed qPCR to detect 
the expression levels of PD1/PD‑L1, it was hypothesized that 
qPCR is a reliable way for detecting PD1/PD‑L1 expression. 
However, this meant that the present study only detected the 
mRNA levels of PD1/PD‑L1. In addition, more samples should 
be included in future studies to determine the effect of TACE 
treatment on immune function.

In summary, the present data demonstrated that TACE 
could improve the proportion of CD8+ cells and the mRNA 
expression level of PD1 in patients with HCC. Before TACE 
treatment, high PD1 and PD‑L1 mRNA levels were signifi‑
cantly associated with poor therapeutic response to TACE. 
After TACE treatment, high PD‑L1 mRNA expression was 
significantly associated with improved patient prognosis. 
TACE combined with immunotherapy has potential clinical 
value for patients with HCC.

Figure 2. Relationship between PD1/PD‑L1 expression and the efficacy and prognosis of TACE (A) mRNA expression levels of PD‑L1 in peripheral 
blood mononuclear cells before TACE treatment. (B) mRNA expression levels of PD1 in peripheral blood mononuclear cells before TACE treatment. 
(C) Kaplan‑Meier analysis of patients with HCC based on PD‑L1 mRNA expression before TACE treatment. (D) Kaplan‑Meier analysis of patients with HCC 
based on PD1 mRNA expression before TACE treatment. (E) Kaplan‑Meier analysis of patients with HCC based on PD‑L1 mRNA expression after TACE 
treatment. (F) Kaplan‑Meier analysis of patients with HCC based on PD1 mRNA expression after TACE treatment. PD1, programmed cell death protein 1; 
PD‑L1, programmed cell death 1 ligand 1; HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization. ***P<0.001.
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