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Purpose: To examine the clinical significance of circulating lymphocyte subtypes and cytokines in patients with hepatocellular
carcinoma (HCC) undergoing transarterial chemoembolization (TACE).
Patients and Methods: We enrolled 53 patients and assessed lymphocyte subsets (CD4+ T cells, CD8+ T cells, CD4+/CD8+ cell
ratio, natural killer cells, and regulatory T cells) and cytokines (interleukin [IL]-2, IL-4, IL-6, IL-10, and interferon [IFN]-γ) on the day
before TACE, and 1 day and 4–8 weeks thereafter. The correlation between baseline inflammatory markers and IL-6, the differences
between clinical subgroups, and the prognostic baseline inflammatory values and changes therein were analyzed.
Results: We found that baseline IL-6 was positively correlated with IL-10 and IFN-γ. Univariate analysis revealed that patients with
higher baseline IL-6, IL-10, and IFN-γ levels had worse liver function and greater tumor burden, suggesting a poor prognosis.
Multivariate analysis showed that higher baseline IFN-γ levels were associated with a shorter time to tumor progression (hazard ratio
[HR] = 1.912; 95% confidence interval [CI] = 1.013–3.607; p = 0.045), and higher IL-10 levels were associated with poor overall
survival (HR = 2.576; 95% CI = 1.237–5.364; p = 0.011). Baseline lymphocyte subtypes and changes therein did not have any
significant association with prognosis.
Conclusion: This study confirmed the association between inflammation and poor prognosis. The prognostic significance of IFN-γ
was different from previous studies, while the prognostic significance of lymphocyte subtypes remains to be verified.
Keywords: hepatocellular carcinoma, TACE, IFN-γ, cytokines, lymphocyte subtypes

Introduction
Hepatocellular carcinoma (HCC) is the most common primary liver cancer and is the sixth leading cause of cancer and
third leading cause of cancer-related mortality.1 Hepatitis B virus (HBV) is the most common cause of HCC in China.
HBV infection disrupts the balance between lymphocyte subsets by changing their proportions in the peripheral blood,
suggesting the presence of inflammation in the body.2,3 According to the Barcelona Clinic Liver Cancer (BCLC) staging
system, transarterial chemoembolization (TACE) is the standard treatment option for patients with intermediate-stage,
unresectable HCC (BCLC stage B). TACE is also available as an alternative to, or as part of, combination therapy for
patients with early or advanced HCC.4

In HCC patients with chronic inflammation, various immune effector cells and cytokines play a critical role in
promoting or impeding cancer progression.5,6 Previous studies have suggested that CD8+ T cells, CD4+ T cells, and
natural killer (NK) cells are associated with improved survival in many cancers, including liver cancer.7–10 In contrast,
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regulatory T (Treg) cells inhibit the secretion of interferon (IFN)-γ and upregulate inhibitory checkpoint molecules,
leading to immune system dysfunction and, often, poor prognosis.11,12 Cytokines are important mediators of the link
between inflammation and cancer; their balance regulates the inflammatory cell infiltrates and antitumor immunity.13

Generally, T helper (Th) 1 cytokines (interleukin [IL]-1β, IL-2, IL-12, tumor necrosis factor [TNF]-α, and IFN-γ) are
associated with a good prognosis in patients with HCC; whereas Th2 cytokines (IL-4, IL-5, and IL-10) are associated
with tumor growth and metastasis.14 However, most previous studies are based on analyses of tumor-infiltrating
lymphocytes. Additionally, most studies of peripheral immune indicators have been retrospective or have had a small
sample size or a single outcome variable.

Several studies have reported the prognostic value of peripheral blood lymphocyte subtypes and cytokines for
outcomes of patients with HCC, including surgery, local ablation, radiation therapy, and TACE.10,15–17 However, there
is a lack of high-quality clinical studies that comprehensively analyze the inflammatory markers during TACE for HCC.
Several studies demonstrated that higher baseline serum IL-6 levels correlated with a larger tumor size and poor
prognosis in HCC patients.18,19 Our previous study demonstrated that post-treatment IL-6 levels, rather than the
pretreatment levels or dynamic changes of IL-6 levels, predicted the outcomes of HCC patients treated with TACE.20

Based on the study, we comprehensively analyzed the clinical significance of various circulating lymphocyte subtypes
(CD4+ T cells, CD8+ T cells, CD4+/CD8+ cell ratio, NK cells, and Treg cells) and cytokines (IL-2, IL-4, IL-6, IL-10,
and IFN-γ) in HCC patients during TACE, including their correlation with IL-6, differences in their levels among
subgroups, and their ability to predict prognosis.

Materials and Methods
Patients
The protocol for this prospective, observational study was approved by the Ethics Committee of the First Affiliated
Hospital of Sun Yat-sen University. This study was conducted in accordance with the Declaration of Helsinki, and
written informed consent was obtained from all participants. All participants were diagnosed with HCC based on
histology or elevated α-fetoprotein (AFP) levels (>200 ng/mL) and suggestive findings on computed tomography (CT)/
magnetic resonance imaging. We enrolled patients aged 18–75 years who would receive TACE as recommended by
a multidisciplinary panel, including newly diagnosed HCC, or residual active lesions after TACE or ablation, or
recurrence after surgery, and had an Eastern Co-operative Group performance status of 0–1, Child–Pugh class A or
B, and life expectancy >3 months. Patients were excluded if they had a coexisting immune disease, hematologic
disorders, bleeding events, severe hypersplenism (platelet count <50 × 109/L) or received systemic chemotherapy;
symptoms or signs of infection or sepsis; diffuse-type HCC; portal vein thrombosis and complete occlusion of main
portal vein without adequate collateral circulation around the occluded portal vein; severe underlying cardiac or renal
disease.

TACE and Follow-Up
TACE was performed by senior interventional radiologists, using a selective or superselective injection of a mixture of
20–40 mg doxorubicin in 5–20 mL lipiodol and a 350–560-µm gelatin sponge for embolization. Patients underwent
abdominal contrast–enhanced CT scan 4–8 weeks after TACE, which was repeated every 1–3 months depending on the
clinical condition.

Tumor response was evaluated using the modified Response Evaluation Criteria in Solid Tumors and designated
as complete response (CR), partial response (PR), stable disease (SD), or progressive disease (PD). Patients with CR
and PR were grouped as responders and all others were grouped as non-responders. Subsequent treatments, including
TACE, ablation, and systemic treatment, were performed after a consensus decision made by a multidisciplinary
team.
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Data Collection
Clinical characteristics of the patients recorded at baseline (1 day before TACE) included age, sex, liver cirrhosis,
previous treatments, tumor control status, and tumor characteristics (such as size, number, margins, vascular invasion,
and metastasis). Laboratory data recorded at baseline and at day 1 and 4–8 weeks after TACE included lymphocyte
subtypes and cytokines.

Fresh blood samples, collected at three time points, were delivered to our clinical laboratory within 4 h of collection.
We performed flow cytometry analysis using BD MultitestTM TBNK reagent (for CD3, CD4, CD8, NK, and Treg cells)
to evaluate the proportion of lymphocyte subtypes. A multiplex biometric enzyme-linked immunosorbent assay using
antibodies against IL-2, IL-4, IL-6, IL-10, and IFN-γ was used to detect five cytokines (Hangzhou Clongene Biotech
Co. Ltd., Hangzhou, China). All immunoassay procedures were performed in accordance with the manufacturer’s
protocols.

Statistical Analysis
Continuous variables are presented as the mean ± standard deviation, or as the median (lower quartile–upper quartile).
Categorical variables are presented as numbers and percentages. The levels of inflammatory markers before and after
treatment were compared using a paired sample t-test or Wilcoxon test, and the differences between the subgroups were
compared using an independent sample t-test, analysis of variance, Mann–Whitney U-test, or Kruskal–Wallis test. The
associations between different inflammatory markers were analyzed using Spearman correlation.

Time to progression (TTP) was defined as the interval between TACE and disease progression or last observation.
Overall survival (OS) was defined as the interval between TACE and death or last observation. Univariate and multi-
variate Cox regression (backward logistic regression [LR]) were used for survival analysis. The Cox proportional-hazards
regression model was used to evaluate prognostic factors and calculate hazard ratios (HRs) and 95% confidence intervals
(CIs). The survival curve was plotted using the Kaplan–Meier method. Because there are no recognized cut-off values of
inflammatory markers for survival analyses, lymphocyte subtypes were divided into three subgroups based on quartiles,
and cytokines were divided into high or low subgroups based on medians. In addition, patients were divided into three
subgroups based on the degree of change (lower quartile, middle quartile, and upper quartile) in immune indicators.

The data were analyzed using SPSS Statistics software (version 25.0; IBM Corp., Armonk, NY, USA) and GraphPad
Prism 8 (GraphPad Software, Inc., San Diego, CA, USA). Two-sided p-values <0.05 were considered statistically
significant.

Results
Patients
We enrolled 53 patients between April and October 2018. The mean age was 54.9 ± 11.2 years. All patients had HBV
infection, 44 had liver cirrhosis on CT imaging, 11 had BCLC stage A, 12 had BCLC stage B, and 30 had BCLC stage
C (Table 1). At enrollment, 26 patients had been treated, including 2 who had undergone surgical resection and 24 who
had received 1–5 sessions of TACE and/or ablation; 9 responders and 17 non-responders were evaluated. Thirty-one
patients agreed to have inflammatory markers measured on the first day after TACE, and 20 patients agreed to have
inflammatory markers measured at 4–8 weeks (Figure 1). Two patients with BCLC stage A underwent surgical resection,
and four were lost to follow-up within 3 months. At the last follow-up in October 2020, TTP and OS were analyzed in 51
and 47 patients, respectively.

Changes in Inflammatory Markers
The proportions of CD4+ T, CD 8+ T, and Treg cells were relatively evenly distributed (mean ± standard deviation),
whereas the concentrations other inflammatory indicators varied greatly (median [lower quartile–upper quartile])
(Table 2). One day after TACE, early changes included decreased CD4+ T cells, as well as increased IL-6 and IL-10
levels (p < 0.05); they recovered 4–8 weeks after TACE (p > 0.05). Four to 8 weeks after TACE, late changes
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included increased NK cells and decreased IFN-γ (p < 0.05) (Figure 2A). The degree of change is shown in
Figure 2B.

Correlations of Baseline Lymphocyte Subtypes and Cytokines with IL-6, and Their
Differences Between Clinical Subgroups
We analyzed the correlations of lymphocyte subtypes and cytokines with IL-6. Baseline IL-6 levels were
positively correlated with IL-2, IL-10, and IFN-γ levels (Spearman correlation coefficient = 0.329, p = 0.017;

Table 1 Baseline Characteristics of HCC Patients Treated with TACE

Parameters Subgroups n Percentage (%)

Age group (years) ≤54 28 52.8%

<54 25 47.2%

Sex Male 45 84.9%

Female 8 15.1%

Previous treatment Yes 26 49.1%

No 27 50.9%

Tumor response† Non-responder 17 65.4%

Responder 9 44.6%

Child–Pugh class A 44 83.0%

B 9 17.0%

Liver cirrhosis No 9 17.0%

Yes 44 83.0%

BCLC stage A 11 20.8%

B 12 22.6%

C 30 56.6%

Tumor size (cm)‡ ≤5 20 39.2%

>5 31 60.8%

Tumor number‡ ≤3 27 52.9%

>3 24 47.1%

Tumor margins‡ Clear 31 60.8%

Blurred 20 39.2%

Vascular invasion‡ No 25 49.0%

Yes 26 51.0%

Extra-hepatic metastases No 42 80.8%

Yes 10 19.2%

Notes: †26 patients treated previously; ‡Two patients underwent TACE following surgery, and their tumor characteristics
could not be evaluated.
Abbreviations: HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization; BCLC, Barcelona Clinic Liver
Cancer.
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0.456, p = 0.001; 0.349, p = 0.011, respectively) (Figure 3). However, IL-6 was not correlated with lymphocyte
subtypes.

We compared the baseline levels of these inflammatory markers between the subgroups. IL-6 differed between
subgroups based on Child–Pugh class, BCLC stage, tumor margins, vascular invasion, and extrahepatic metastases (p
<0.05), and was associated with poor liver function and high tumor burden (Supplementary Table 1; p-values only, data
not shown). IL-10 was associated with BCLC stage, vascular invasion, and extrahepatic metastases (p < 0.05). CD4+
T cells were lower in Child–Pugh class A patients (p = 0.019). CD8+ T cells were lower and the CD4+/CD8+ ratio was

Figure 1 Patient enrollment and follow-up data.
Notes: Blood samples were available for 53, 31, and 20 patients at the three time points, respectively. The cytokine assay failed for one patient at the first two time points.

Table 2 Pre- and Post-TACE Levels of Lymphocyte Subtypes and Cytokines

Parameters N1 Pre-TACE N2 Post-TACE Day 1 p12 N3 Post-TACE 4–8 Weeks p13

CD4+ (%) 53 43.4 ± 7.3 31 38.8 ± 8.7 0.007 20 43.7 ± 6.3 0.459

CD8+ (%) 53 24.7 ±9 0.3 31 20.7 ± 8.5 0.562 20 24.7 ± 8.3 0.239

CD4+/CD8+ 53 1.80 (1.35–2.65) 31 2.10 (1.30–2.70) 0.089 20 1.85 (1.30–2.63) 0.060

NK (%) 53 13.5 (9.4–19.6) 31 14.5 (7.9–19.0) 0.531 20 15.5 (14.0–24.5) 0.033

Treg (%) 53 10.5 ± 2.6 31 10.8 ± 4.0 0.641 20 11.1 ± 3.2 0.431

IL-2 (pg/mL) 52 0.025 (0–0.225) 30 0.005 (0–0.190) 0.465 20 0.095 (0.003–0.445) 0.398

IL-4 (pg/mL) 52 1.156 (0.283–1.720) 30 1.180 (0.540–1.720) 0.581 20 0.380 (0–1.690) 0.157

IL-6 (pg/mL) 52 4.400 (2.180–10.198) 30 13.925 (6.023–23.778) <0.001 20 9.135 (3.310–16.498) 0.218

IL-10 (pg/mL) 52 1.465 (1.040–2.053) 30 3.145 (1.885–6.565) <0.001 20 1.315 (0.915–2.113) 0.059

IFN-γ (pg/mL) 52 1.165 (0.650–1.788) 30 0.885 (0.720–1.200) 0.275 20 0.920 (0.353–2.153) <0.001

Notes: Blood samples were available from 53, 31, and 20 patients at the three time points, respectively. Cytokine assay failed for one patient at the first two time points. The
data of normal distribution presented as mean values ± standard deviations, while the data of non-normal distribution are presented as medians (lower quartile-upper
quartile). Comparison before and after treatment was performed by paired sample t-test or Wilcoxon test. p12: comparison of postoperative day 1 with preoperative day 1;
p13: comparison of postoperative 4–8 weeks with preoperative day. The bold font represents P values less than 0.05, that is, statistically significant.
Abbreviations: TACE, transarterial chemoembolization; NK, natural killer; Treg, regulatory T cells; IL, interleukin; IFN, interferon.
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higher in patients who had received previous treatment compared to other patients (p < 0.05). However, there were no
differences in the lymphocyte subtypes or cytokines between responders and non-responders at baseline (p > 0.05). In
addition, Treg cells, IL-4, and IFN-γ did not differ between the subgroups (p > 0.05).

Associations of Baseline Inflammatory Markers with TTP and OS
The median duration of follow-up was 28.7 (95% CI: 28.3–29.0) months, median TTP was 4.2 (95% CI: 2.8–5.7)
months, and median survival was 17.60 (95% CI: 12.7–22.6) months. In univariate survival analysis for TTP, the factors
with significant results (p < 0.05) included age, tumor response, tumor size, number of tumors, tumor margins, vascular
invasion, extra-hepatic metastases, and the levels of IL-2, IL-6, IL-10, and IFN-γ (Figure 4A and Table 3). Factors
identified as significant in the univariate analysis were studied using multivariate Cox analysis. There were statistically
significant differences in the number of tumors (HR = 7.919; 95% CI = 1.831–34.244; p = 0.006), extra-hepatic
metastases (HR = 5.091; 95% CI = 0.975–26.579; p = 0.054), tumor response (HR = 0.204; 95% CI = 0.049–0.854;
p = 0.030), and IFN-γ (HR = 5.177; 95% CI = 1.326–20.207; p = 0.018).

In univariate survival analysis for OS, the factors with significant results included age, BCLC stage, tumor size,
number of tumors, tumor margins, vascular invasion, and levels of IL-6 and IL-10 (Table 3). Although there was no
difference in survival by IFN-γ level (HR = 1.662; 95% CI = 0.817–3.378; p = 0.161), high IFN-γ showed a tendency
toward an association with poor survival (Figure 4B). In multivariate Cox analysis, independent prognostic factors
included the number of tumors (HR = 3.328; 95% CI = 1.552–7.136; p = 0.002), vascular invasion (HR = 3.980; 95% CI
= 1.765–8.973; p = 0.001), and IL-10 levels (HR = 1.889; 95% CI = 0.896–3.983; p = 0.095) (Figure 4C).

Figure 2 Continued.
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Survival Analysis for Changes in Inflammatory Markers
The changes in IL-6, IL-10, and CD4+ T cells after 1 day, as well as in NK cells and IFN after 4–8 weeks of TACE, were
significantly different, suggesting potential prognostic value. Patients were divided into three subgroups based on the
degree of change for survival analysis (Supplementary Tables 2 and 3). There was a difference in OS between the

Figure 2 Dynamic changes in inflammatory markers before and after TACE.
Notes: (A) Changes in lymphocyte subtypes and cytokine values. (B) Changes in the ratio of post- to pre-TACE lymphocyte subtypes and cytokines. The preoperative level
was taken as the baseline and has a value of 1. The ratios of changes are presented as median values (lower quartile–upper quartile).
Abbreviations: d0, 1 day pre-TACE; d1, 1 day post-TACE; w4–8, 4–8 weeks post-TACE.

Figure 3 Correlations of IL-6 with (A) IL-2, (B) IL-10, and (C) IFN-γ.
Abbreviations: IL, interleukin; IFN, interferon.
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Table 3 Univariate Analysis for Factors Associated with Time to Progression and Overall Survival After TACE for HCC

Parameters Subgroups Time to Progression Overall Survival

N HR (95% CI) p N HR (95% CI) p

Age group (years) ≤54 28 1 26 1

>54 23 0.373 (0.182–0.767) 0.007 21 0.425 (0.199–0.909) 0.022

Sex Male 43 1 40 1

Female 8 0.926 (0.386–2.218) 0.862 7 1.271 (0.521–3.103) 0.598

Previous treatment No 25 1 24 1

Yes 26 1.049 (0.563–1.954) 0.881 23 0.821 (0.407–1.656) 0.581

Tumor response† Non-responder 17 1 16 1

Responder 9 0.225 (0.064–0.787) 0.019 7 0.171 (0.021–1.403) 0.100

Child–Pugh class A 42 1 39 1

B 8 1.913 (0.876–4.175) 0.103 8 2.096 (0.897–4.895) 0.087

Liver cirrhosis No 8 1 8 1

Yes 43 0.568 (0.232–1.393) 0.217 39 0.720 (0.292–1.775) 0.475

Tumor size (cm) ≤5 20 1 19 1

>5 29 2.109 (1.085–4.099) 0.028 27 2.984 (1.324–6.725) 0.008

Tumor number ≤3 26 1 24 1

>3 23 2.520 (1.294–4.907) 0.007 22 3.283 (1.549–6.960) 0.002

Tumor margins Clear 19 1 18 1

Blurred 30 3.315 (1.663–6.611) 0.001 28 4.830 (2.232–10.417) <0.001

Vascular invasion No 24 1 22 1

Yes 25 3.500 (1.799–6.811) <0.001 24 4.177 (1.882–9.269) <0.001

Extra-hepatic metastases No 40 1 38 1

Yes 10 3.452 (1.483–8.035) 0.004 8 1.768 (0.717–4.359) 0.216

CD4+ T cells (%) < 39.0 13 1 0.217 10 1 0.616

39.0–49.2 26 0.988 (0.432–2.256) 0.976 26 0.827 (0.323–2.116) 0.692

>49.2 11 1.910 (0.745–4.895) 0.178 11 1.245 (0.442–3.506) 0.679

CD8+ T cells (%) < 16.8 11 1 0.567 13 1 0.979

16.8–31.8 27 0.675 (0.323–1.410) 0.296 25 0.923 (0.414–2.058) 0.844

>31.8 13 0.698 (0.326–2.117) 0.698 9 0.921 (0.307–2.761) 0.883

CD4+/CD8+ < 1.35 13 1 0.875 10 1 0.949

1.35–2.65 27 1.168 (0.515–2.651) 0.710 24 1.104 (0.409–2.981) 0.846

>2.65 11 1.274 (0.505–3.212) 0.608 13 0.975 (0.324–2.934) 0.964

NK cells (%) < 9.4 13 1 0.598 11 1 0.866

9.4–19.6 26 1.411 (0.619–3.215) 0.412 25 1.273 (0.525–3.087) 0.594

(Continued)
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subgroups with CD4+ T cells in the middle quartile (change ratios: 0.77–1.00) and upper quartile (ratio >1.00) (Log rank
p = 0.014) (Figure 5A). However, there was no difference in OS between the subgroups with CD4+ T cells in the lower
(ratio <0.77) and upper (ratio >1.00) quartiles, suggesting that CD4+ T cells changes had a non-linear association with
prognosis. OS was significantly longer in patients with changes in NK in the middle quartile (ratio: 0.87–1.64) compared
to the lower quartile (ratio <0.87) (Log rank p = 0.005) (Figure 5B). However, longest OS did not coincide with patients
in the upper quartile of NK cells (ratio >1.64), suggesting a non-linear association of NK cells with prognosis. Changes
in IL-6, IL-10, or IFN-γ levels did not affect prognosis (p > 0.05).

Discussion
The clinical significance of lymphocyte subtypes and cytokines in peripheral blood has not been evaluated in a high-
quality study previously. We performed comprehensive immunoassays to evaluate changes in inflammatory markers in
HCC patients during TACE, their associations with IL-6, the differences in these markers among clinical subgroups, and
the prognostic value for TTP and OS. Our study results suggest that lymphocyte subtypes do not predict prognosis in
HCC patients; thus, the clinical significance is not clear. However, analysis of cytokines revealed that higher baseline
IFN-γ levels were associated with a poor prognosis, different from previous studies. The immunological mechanisms
deserve further study.

Lymphocytes are the most important cells involved in maintaining an immunological balance by suppressing the
immune response.21 A study of surgical treatment for HCC showed lower NK cells and higher CD8+ cells in 715 newly
treated HCC patients compared to 100 healthy controls. After 1 year, the CD8+ cells levels were reduced, while the
CD19+ and NK cells were increased. The recurrence and survival rates were 33.71% and 83.64%, respectively.15

Similarly, another study showed reduced peripheral blood CD4+ cells and NK cells as well as increased CD8+ cells

Table 3 (Continued).

Parameters Subgroups Time to Progression Overall Survival

N HR (95% CI) p N HR (95% CI) p

>19.6 12 1.607 (0.624–4.134) 0.325 11 1.212 (0.438–3.350) 0.711

Treg (%) < 8.9 12 1 0.564 10 1 0.952

8.9–12.2 25 1.570 (0.656–3.759) 0.311 23 1.132 (0.467–2.741) 0.784

>12.2 14 1.561 (0.621–3.920) 0.343 14 1.024 (0.369–2.840) 0.963

IL-2 (pg/mL) ≤0.025 25 1 23 1

>0.025 25 2.202 (1.068–3.846) 0.031 23 1.600 (0.782–3.272) 0.198

IL-4 (pg/mL) ≤1.127 24 1 22 1

>1.127 26 1.284 (0.683–2.413) 0.437 24 1.159 (0.569–2.363) 0.685

IL-6 (pg/mL) ≤4.400 24 1 24 1

>4.400 22 2.286 (1.189–4.395) 0.013 22 2.735 (1.323–5.652) 0.007

IL-10 (pg/mL) ≤1.465 23 1 23 1

>1.465 23 2.703 (1.416–5.160) 0.003 23 2.576 (1.237–5.364) 0.011

IFN-γ (pg/mL) ≤1.165 25 1 23 1

>1.165 25 1.912 (1.013–3.607) 0.045 23 1.662 (0.817–3.378) 0.161

Notes: †Only 26 patients with previous treatment were included for tumor response analysis. To exclude the effect of collinearity, BCLC staging was not included in the
survival analysis. The bold font represents P values less than 0.05, that is, statistically significant.
Abbreviations: TACE, transarterial chemoembolization; HR, hazard ratio; CI, confidence interval; NK, natural killer; Treg, regulatory T cells; IL, interleukin; IFN, interferon;
BCLC, Barcelona Clinic Liver Cancer.
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Figure 5 Kaplan–Meier curves of OS for changes in (A) CD4+ cells and (B) NK cells.
Notes: Patients in the upper quartile of CD4+ cell changes (ratio >1.00) 1 day after TACE lived longer compared to those in the middle quartile (ratio: 0.77–1.00) (Log rank
p = 0.014). Patients in the middle quartile of NK cell changes (ratio: 0.87–1.64) 4–8 weeks after TACE lived longer compared to those in the lower quartile (ratio <0.87) (Log
rank p = 0.005).
Abbreviations: OS, overall survival; NK, natural killer.

Figure 4 Kaplan–Meier curves for baseline IFN-γ and IL-10. (A) Kaplan–Meier curves of TTP for baseline IFN-γ. (B) Kaplan–Meier curves of OS for baseline IFN-γ.
(C) Kaplan–Meier curves of OS for baseline IL-10.
Abbreviations: IL, interleukin; IFN, interferon; TTP, time to tumor progression; OS, overall survival.
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in HCC patients compared to healthy people. The CD4+ cells, CD4+/CD8+ ratio, and NK cells dramatically increased
and CD8+ cells significantly decreased 4 weeks after TACE.17 Additionally, Ren et al22 found that lymphocyte subtypes
were associated with tumor burden, and the proportion of CD4+ cells and the CD4+/CD8+ ratio were significantly
increased at 1–2 weeks and 3–5 weeks after TACE in HCC patients; CD8+ cells were significantly decreased at 1–2
weeks and slightly increased at 3–5 weeks after TACE; Treg cells continuously decreased 1–2 weeks and 3–5 weeks after
TACE; and NK cells remained unchanged after TACE.15,22 Another study partially explained the prognostic significance
of the changes of lymphocyte subtypes, in terms of an increase in the peripheral blood activation of CD4+ and NK cells,
a decrease in Treg cells, an increase in serum IFN-γ after ablation with irreversible electroporation, and an increase in
tumor CD8+ cell infiltration.23

However, we did not observe significant differences in lymphocyte subtypes among most clinical subgroups or
significant changes during treatment. These discrepancies may have three explanations. First, the follow-up interval was
different between our study and previous studies. Previous studies evaluated changes in lymphocyte subtypes 10 days to
1 year after treatment. Different lymphocyte subtypes and cytokines show different patterns of change after treatment.24

A previous study found that inflammatory cytokine changes peak at day 3 after TACE and resolve by day 60.25

Therefore, our follow-up interval may not have been appropriate. Second, different treatments have different effects
on immunity. In a study that compared TACE and cryoablation, the changes in CD4+ cells, CD8+ cells, CD4+/CD8+
ratio, and NK cells were similar between monotherapy and combination groups. However, the effects on lymphocyte
subtypes were more significant in the combination group compared to the monotherapy group, and were associated with
the prognosis.17 In a study of radiotherapy for HCC, the levels of CD3+ cells, CD4+ cells, CD8+ cells, CD19+ cells, and
NK cells decreased significantly after 10 days and gradually recovered after 2 months, which was different from previous
studies.10 Numerous studies have demonstrated the potential of local ablation to improve anti-tumor immunity.26

However, the abscopal effects of TACE have not been reported yet, and we speculate that the immune-activating effects
of TACE may be weaker than those of local ablation. Additionally, previous studies differed in measuring the proportions
or counts of lymphocyte subtypes and their statistical methods.

Higher levels of CD4+ cells after TACE were significantly associated with longer OS, possibly because tissue necrosis
stimulates CD4 + cells to produce IFN-γ, thereby promoting the destruction of tumor cells by cytotoxic CD8+ cells.27,28 To
ensure true-positive results, we divided patients into three subgroups based on the quartile of lymphocyte subtype, rather than
receiver operating characteristic (ROC) curve analysis, to determine the optimal cut-off value. However, none of the
lymphocyte subtypes were able to predict TTP or OS. In chronic inflammation, lymphocyte function is often impaired,29

which may affect the prognosis more than the number of lymphocytes. Several studies have found that lymphocyte
functional phenotypes, such as CD8+ central memory T cells, activated NKp30+NK cells, and CD4+PD1+ cells, are more
effective predictors of prognosis after ablation or radiotherapy of HCC than the frequency of total CD4+ and CD8+
T cells.16,30 The results for the lymphocyte subtypes in this prospective study were not significant, different from previous
studies mentioned above, possibly due to the heterogeneity of the patient population and differences in study protocols and
testing techniques. Given these differences, caution is needed when interpreting the results.

Inflammatory cytokines are a broad category of signaling molecules that reflect concomitant inflammation and may be an
adverse prognostic factor.18 In previous reports, an elevated baseline IL-6 level was associated with poor prognosis of HCC
patients treated with TACE or sorafenib.19 A possible explanation for this is that high levels of IL-6 lead to increased levels of
Treg cells, and elevated programmed cell death protein-1 (PD-1) expression in CD4+, CD8+, Treg, and Th17 cells.31

Additionally, we did not observe correlations between IL-6 and lymphocyte subtypes, suggesting the need to investigate
the functional phenotypes of lymphocytes. IL-6 was closely related to liver function, tumor characteristics, and poor prognosis
in univariate survival analysis, consistent with previous reports. Furthermore, IL-6 was positively correlated with IL-2, IL-10,
and IFN-γ levels, indicating that these levels increased during the inflammatory response.

To avoid the collinear effect between strong prognostic factors, we used a backward regression method. The multivariate
survival analysis showed that IL-10 and IFN-γ were independent prognostic factors for OS and PD, respectively. IL-10, an
anti-inflammatory factor, suppresses immune function by blocking the synthesis of pro-inflammatory cytokines (such as IL-1,
IL-6, IFN-γ, and TNF-α) and inhibiting the expression of cell surface molecules involved in antigen presentation and co-
stimulation. In previous studies, serum IL-10 levels were higher in cancer patients compared to healthy controls, and were also
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involved in the progression of chronic inflammation, which leads to HCC; also, higher serum IL-10 levels were associated
with a worse prognosis.32,33 Another study found that serum levels of IL-10 before TACE predicted the local tumor response
and OS.24 Our results are consistent with the findings of these studies.

Importantly, in contrast to previous studies, high IFN-γ levels were associated with short TTP and OS in our study.
IFN-γ is an antitumor cytokine secreted by antigen-specific T cells.34 Higher baseline IFN-γ levels are associated with
early tumor stage and small tumor size in HCC patients, and with delayed tumor recurrence after curative treatment.35

A recent study found that an increased IFN-γ/IL-10 ratio, without increased IL-6 levels, was associated with prolonged
survival,36 indicating that IFN-γ may exert anti-tumor activity only in the non-inflammatory state. Inflammatory
conditions may lead to the overactivation of T cells, and elevated IFN-γ induces increased expression of co-
suppressive receptors, such as cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4), PD-1 and programmed cell
death protein-L1 (PD-L1) in the tumor microenvironment through a feedback mechanism.29,34,37,38 This may explain
the positive correlation between IFN and IL6, and the poor prognosis. Therefore, the dual biological effects of IFN-γ in
antitumor immunity are related to the complex inflammatory microenvironment. The discrepancies in results among
previous studies need further investigation.

TACE induces hypoxia and aggravates local inflammation, leading to the secretion of a variety of inflammatory
cytokines that contribute to malignant progression.39,40 In contrast, TACE has also been shown to induce inflammation
and immunogenic cell death with cytokine production, which may favor immune activation and presentation of tumor-
specific antigens.41,42 Therefore, we analyzed the prognostic value of changes in lymphocyte subtypes or cytokines after
TACE. However, there are no accepted cut-off values for lymphocyte changes. Therefore, our patients were divided into
three subgroups based on the degree of change in lymphocytes. The changes in CD4+ and NK cells did not show
differences between the upper and lower quartiles, suggesting a non-linear relationship with the prognosis. Due to the
small sample size, the clinical significance of our results is limited. We are conducting a study on lymphocyte functional
phenotypes to explore their prognostic value for HCC; the results will be published in the future.

In our study, there were early changes in IL-6 and IL-10 and late changes in IFN-γ. However, the magnitude of these
changes varied greatly within each individual. A dynamic study of cytokines in HCC patients found that IL-6 levels peak
on the third day after TACE and gradually decrease by the seventh day, suggesting that the early changes in pro-
inflammatory cytokines may be related to acute inflammation and acute liver injury.43 There were also late changes in the
IL-4 and IL-10 levels,43 which is in contrast to our results. In a previous study, there were no changes in IL-6 and IL-10
levels 24 h after microwave ablation of HCC, followed by more than a two-fold increase at 15 days, and recovery at 1
month. In addition, there was a slight increase in IFN levels at 15 days and 1 month after ablation.44 Another study found
a significant increase in IFN-γ and IL-2, and decrease in IL-4 and IL-10 levels 3 months after ultrasound ablation for liver
cancer.45 In summary, the changes in cytokines differ among studies, and whether these changes are related to tumor
immunity remain uncertain. We also did not observe an effect of changes in IL-6, IL-10, and IFN-γ on prognosis. Future
studies should include more patients to allow dynamic observations at multiple time points.

Our study had several limitations. First, the sample size was small and there were complex baseline characteristics and
subsequent treatments. Therefore, our results should be interpreted with caution. Second, inflammatory markers were measured
only three times, within a short period, for each patient. Many patients refused to repeat the measurements after TACE, which
prevented a comprehensive analysis of the patterns of changes. Future studies should attempt to overcome these limitations.

Conclusions
In conclusion, patients in a high inflammatory state (with raised IL-6 and IL-10 levels) have a poor prognosis. In contrast
to previous studies, we found that higher baseline IFN-γ levels were associated with a poor prognosis, possibly due to the
IFN-γ-induced immune tolerance seen in a chronic inflammation microenvironment. The prognostic value of lymphocyte
subtypes in the context of TACE treatment of HCC patients also requires further study.

Data Sharing Statement
Data used and generated in this work are available from the corresponding author upon reasonable request.
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