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Purpose: Percutaneous thermal ablation (PTA) is a cornerstone in the management of early-stage hepatocellular carcinoma (HCC). 
However, intrahepatic distant recurrence (IDR) occurs in the majority of patients after PTA. The aim of this study was to evaluate the 
immune signature associated with very early IDR.
Patients and Methods: Thirty-one patients (26 men, 5 women; mean age:72.4 ± 8.6; age range:57–86 years) who underwent PTA 
for HCC were included in this study. After PTA for HCC, patients were followed and later divided into two groups: a “very early 
recurrence” group in case of IDR within 12 months after PTA, and a “prolonged recurrence-free” group in case of no recurrence before 
12 months of follow-up. Freshly harvested intratumoral and nontumoral liver tissues and peripheral blood were obtained before PTA 
and explored by multiparametric flow cytometry.
Results: The frequency of PD1+CD4+ T cells was higher in the early recurrence group than in the prolonged recurrence-free group in 
the peripheral blood (24.3%, IQR: 22.3–36.5 vs 14.0%, IQR: 11.5–16.4, p<0.0001), in the nontumoral liver (37.9%, IQR: 36.0–50.0 vs 
22.5%, IQR: 18.0–29.9, p=0.0004), and in the tumor (37.6%, IQR: 32.3–39.3 vs 24.0%, IQR: 20.0–30.3, p=0.0137). Similarly, the 
frequency of TIM+CD8+ T cells was higher in the very early recurrence group in the peripheral blood (p=0.0021), non-tumoral liver 
(p=0.0012), and tumor (p=0.0239).
Conclusion: The expression of immune checkpoint molecules, such as PD1 and TIM3 on T cells identified HCC patients at risk of 
very early IDR after PTA who would likely benefit from adjuvant immunotherapy. Thus, our study contributes to a better under-
standing of the potential association of PTA with adjuvant immunotherapies.
Keywords: immune checkpoint molecules, predictive factors, hepatocellular carcinoma, percutaneous thermal ablation, intrahepatic 
distant recurrence

Introduction
Percutaneous thermal ablation (PTA), including radiofrequency ablation (RFA)1 and microwave ablation (MWA),2 is 
a cornerstone of the management of early-stage hepatocellular carcinoma (HCC), together with surgical resection and 
liver transplantation.3–5 PTA offers several advantages over surgery, such as a lower risk of complications, better tissue 
preservation, a lower cost, and a shorter hospital stay.1 Despite the benefits, the rate of tumor recurrence after PTA 
therapy is still high. Intrahepatic distant recurrence (IDR) occurs in 60 to 80% of patients at 5 years after PTA,1,5–7 
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similar to HCC surgical resection.4,8 A cohort of 412 patients with small HCC who underwent PTA recently showed that 
IDR occurred in 47.1% of patients, and after a median time of only 8.4 months.9 Alpha-fetoprotein (AFP) >100 ng/mL 
and tumor size were found to be predictive factors for IDR,9 as well as multifocal lesions.10

During the last decade, immunotherapies, mainly immune checkpoint inhibitors (ICIs), have emerged as promising cancer 
therapies.11 While targeting the programmed cell death 1 (PD1) pathway in monotherapy failed to achieve statistically significant 
improvement in HCC patients,12 the combination of atezolizumab (anti-PD-L1) and bevacizumab (anti-VEGF) has shown better 
overall and progression-free survival outcomes than sorafenib in patients with unresectable HCC.13 One of the main challenges in 
HCC is the identification and validation of biomarkers that predict response to immunotherapies.14 Immune factors in the tumor 
microenvironment and circulation are among the predictive biomarkers currently being studied.15,16

To increase the treatment efficacy, combined approaches of immunotherapies with loco-regional treatments are also 
being explored, including PTA.1,17,18 PTA techniques induce immunomodulation in patients with HCC by releasing cell 
death components that initiate a local inflammatory response.1,19,20 Tumor-specific antigens become accessible to the whole 
immune system, triggering an antitumor response.21,22 However, this immunomodulation seems to be insufficient to obtain 
a prolonged immune response by itself.19 Given the importance of the immune system, different baseline immune patterns 
could be responsible for different immune responses after PTA and could impact tumor recurrence. Recent translational 
studies have begun to unravel the crucial contribution of systemic immunity to an antitumor immune response.23

The primary objective of this study was to evaluate the expression of immune checkpoint molecules (ICM) on 
intrahepatic (tumor and nontumor) and peripheral lymphocytes of HCC patients undergoing PTA and to investigate the 
possible association with the risk of very early IDR.

Materials and Methods
Study Population
This study was a retrospective analysis of samples from a prospective single-center cohort (biological collection 
registered AC-2019-3627), including all patients aged >18 years who underwent PTA for histologically-proven HCC 
between April 2018 and November 2021. This study was conducted according to the guidelines of the Declaration of 
Helsinki, and protocol was reviewed and approved by the “Comité d’éthique de la recherche en imagerie médicale - 
CERIM (approval number [CRM-2204-253]”. Written informed consent was obtained from all participants.

The exclusion criteria were as follows: no pathologic evidence of HCC, no immunophenotyping at the time of 
sampling performed before or at ablation, a diagnosis other than HCC, and no follow-up of less than 12 months. Initial 
incomplete ablation or local recurrence at the PTA site were also considered as exclusion criteria.

Percutaneous Thermal Ablation
Ablation procedures were performed either by radiofrequency ablation (RFA) using a Leveen™ needle and an RF 3000 
ablation generator (Boston Scientific) or by microwave ablation (MWA) using an Amica™ needle and an HS-Amica-Gen 
generator (Ablatech). The ablation procedures were performed by one of the three participating interventional radiolo-
gists with 30, 7, and 5 years of experience. Non-tumoral and tumoral liver samples were taken under ultrasound guidance 
prior to treatment (during a biopsy procedure to characterize the tumor or just before the ablation procedure). Non- 
tumoral and tumoral samples between 13 mm and 23 mm, depending on the size of the nodule, were obtained using an 
18G needle. At both locations (tumor and non-tumor), two samples were conditioned in formalin for conventional 
pathological analysis, and one was conditioned in Hypothermosol™ FRS solution for immunophenotyping. Peripheral 
blood sampling was performed at the same time as biopsy sampling and in all cases before ablation.

Multiparametric Flow Cytometry Analyses
Freshly harvested intratumoral and nontumoral liver tissues, obtained by needle liver biopsy, were transferred to 
Hypothermosol™ FRS solution, and cells were recovered through mechanical disruption. Samples of whole fresh peripheral 
blood (100 µL/tube) and intrahepatic cell suspensions were divided into two tubes and immunostained with the following 
anti-human antibodies for surface markers: anti-CD45-APC/Cy7 (clone HI30, BioLegend), anti-CD3-PerCP-Cy5.5 (clone 
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UCHT1, BioLegend), anti-CD56-BV605 (clone HCD56, BioLegend), anti-CD16-AF700 (clone 3G8, BioLegend), anti-CD8 
-PE/Cy7 (clone RPA-T8, BD Biosciences), anti-CD69-PE (clone FN50, BioLegend), anti-CTLA4-BV421 (clone BNI3, 
BioLegend), anti-PD-1-BV711 (clone EH12.2H7, BioLegend), anti-LAG3-PE (clone 3DS223H, eBioscience), anti-OX40- 
FITC (clone Ber-ACT35, BioLegend), anti-4-1BB-BV421 (clone 4B4-1, BioLegend), and anti-TIM3-BV785 (clone F39- 
2E2, BioLegend). FluoroFix™ Buffer (BioLegend) was used to fix the cells. The Zombie UV™ Fixable Viability kit was 
used to exclude dead cells, and fluorescence minus one controls were used to determine the positive immune cell population. 
Data were acquired with the BD-LSRII flow cytometer (BD Biosciences), collected using BD FACSDiva 6.3.1 software and 
analyzed using FCS Express 7 Flow software, using the previously described gating strategy,24 Figure S1.

Study Objectives and Endpoints
During follow-up, patients were divided into two groups, a “very early recurrence” group in case of IDR within 12 
months after PTA and a “prolonged recurrence-free” group in case of no recurrence before 12 months of follow-up. IDR 
was defined as the recidivism of HCC in the liver at distance from the ablated area and was considered as the time 
between the PTA procedure and cross-sectional imaging (CT or MRI) demonstrating recurrence. Recurrence at the 
ablation site was considered an insufficient PTA responsible for local recurrence and was an exclusion criterion. Follow- 
up was achieved through a combination of clinical examination and imaging (CT scan or MRI) one month after PTA, 
every 3 months over 2 years, and subsequently every 6 months over the next 3 years. The primary objective of this study 
was to compare the expression of PD1 on T cells between the “very early recurrence” and “prolonged recurrence-free” 
group. The frequency of PD1+ T cells in the CD4+ T cell population and the CD8+ T cell population was compared 
between the two groups using samples from tumor, nontumoral liver and circulating blood. The secondary objectives 
evaluated the expression of other ICM-positive cells in T cell populations between the two groups. The frequency of the 
following ICM-positive cells in CD4+ T cells and CD8+ T cells were compared between the two groups from tumoral, 
nontumoral liver and circulating blood samples: T cell immunoglobulin and mucin domain-containing protein 3 (TIM3), 
lymphocyte-activation gene 3 (LAG3), cytotoxic T-lymphocyte antigen 4 (CTLA4), stimulatory inducible T cell co- 
stimulator (ICOS), OX40 and 4–1BB+.

Statistical Analysis
Standard descriptive statistics were used for continuous quantitative variables, presented as medians and interquartile 
ranges (or mean and standard deviation when normally distributed), and for qualitative variables, presented as numbers 
and percentages. Analyses were performed using the statistical software GraphPad Prism 9 (GraphPad Software) as well 
as the R software (R Core Team). Comparisons between groups of continuous data rely on a Mann–Whitney test, while 
comparisons between groups of Boolean data relied on the chi-square test; all tests performed were two-sided 
comparison tests. We report all p-values < 0.05 but caution the reader about the exploratory nature of these tests. 
Considering a significance threshold of 0.05 allows us on the one hand to identify more interesting variables that will 
require further investigation in the future. However, it might lead to an overall high number of false positives. Instead, 
a Bonferroni correction with the total number of tests performed (approximately 100) led to a significance threshold of 
5.10–4 to keep the study false positive discovery rate below 0.05.

Results
Patient Inclusion
During the study period, 142 HCC patients were treated with PTA, among whom 40 (28.2%) did not have a biopsy and 
52 (36.6%) did not have samples for immunophenotyping and were thus excluded. Five patients (3.5%) had incomplete 
PTA or local recurrence, 12 patients (8.5%) had different storage of immune samples (paraffin), and 2 patients (1.4%) 
had follow-up of less than 12 months without recurrence (shown in Figure 1). Finally, 31 patients were included, of 
whom 26 patients were male (83.9%) and 5 (16.1%) were female. The mean age was 72.4 ± 8.6 (age range: 57–86 years).
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Patients’ Characteristics
Table 1 shows the characteristics of the study population. Among the 31 patients included in the study, 9 patients (29%) were later 
categorized into the very early recurrence group and 22 patients (71%) into the prolonged recurrence-free group. Patients were 
treated with RFA (12 patients (38.7%)) and with MWA (19 patients (61.3%)). The mean tumor diameter was 22.8 mm ± 7.5, and 
2 patients (6.5%) had bifocal HCC. The median follow-up time after PTA was 23.5 months [IQR:17.9–29.5] in the prolonged 
recurrence-free group and 19.0 months [IQR:14.3–32.5] in the very early recurrence group (p=0.28). In the very early recurrence 

Figure 1 Flowchart of the study.

Table 1 Patients’ Characteristics

Variables Prolonged 
Recurrence-Free 

Group (n=22)

Very Early 
Recurrence  
Group (n=9)

P value

Age (years), median [IQR] 70 [66–75] 81 [73–82] 0.09

Sex, n (%)

Male 17 (77.3) 9 (100) 0.31

Female 5 (22.7) 0 (0)

Etiology, n (%)

Alcohol 9 (40.9) 4 (44.5) 0.18

NASH 6 (27.3) 2 (22.2)

Viral 5 (22.7) 1 (11.1)

Hemochromatosis 0 (0) 2 (22.2)

None 2 (9.1) 0 (0)

(Continued)
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group, the median time between PTA and IDR was 4.5 months [IQR: 3.1–9] (shown in Figure 2A), and 2 patients (22%) died 
during the follow-up period. In the prolonged recurrence-free group, three patients (13.6%) experienced IDR 35 months, 47 
months, and 48 months respectively after PTA, and one patient (4.5%) died 20.9 months after PTA of acute kidney failure, 
without any HCC recurrence.

The Frequencies of Immune Cells
The median frequency of peripheral blood T cells per CD45+ cell was 62.5% [IQR: 56.8–71.3] in the very early 
recurrence group versus 63.2% [IQR: 56.8–69] in the prolonged recurrence-free group (p=0.84), Table S1. The frequency 
of T cells was also similar between the two groups in nontumoral liver (38.4%, IQR: 31.0–50.0 vs 44.3% IQR: 36.0– 
49.0, p=0.56) and in intratumoral tissue (53.9%, IQR: 47.6–56.5 vs 52.0%, IQR: 44.9–65.5, p=0.92). The frequency of 
CD4+ or CD8+ T cell subpopulations did not differ between the two groups in peripheral blood, non-tumoral liver, or 
intratumoral tissue (Table S1). As expected, CD8+ T cells were reduced in intratumoral tissue compared to those in non- 

Table 1 (Continued). 

Variables Prolonged 
Recurrence-Free 

Group (n=22)

Very Early 
Recurrence  
Group (n=9)

P value

Fibrosis stage Metavir, median [IQR] 3 [2–4] 3 [3–4] 0.71

BMI, median [IQR] 28.4 [25.3–32.5] 28.3 [26.6–30.5] >0.99

Albumin (g/dL), median [IQR] 3.9 [3.7–4.3] 3.9 [3.7–4.1] 0.68

Bilirubin (mg/dL), median [IQR] 0.9 [0.5–1.4] 0.8 [0.7–0.8] 0.74

PT (%), median [IQR] 81 [73–91] 81 [68–91] 0.75

Creatinine (mg/dL), median [IQR] 0.8 [0.7–1.0] 0.9 [0.7–0.9] 0.97

AFP (ng/mL), median [IQR] 6.0 [4.4–17] 6.3 [4.2–29] 0.98

Child Pugh Score, n (%)

A5 19 (86.4) 9 (100) 0.63

A6 1 (4.5) 0 (0)

B7 1 (4.5) 0 (0)

Tumor size (mm), median [IQR] 22 [18.3–28.8] 20 [18–26] 0.83

Number of nodules, n (%)

One 21 (95.5) 8 (88.9) 0.50

Two 1 (4.5) 1 (11.1)

BCLC staging, n (%)

0 5 (22.7) 1 (11.1) 0.45

A 17 (77.3) 8 (88.9)

Ablation procedure, n (%)

RFA 10 (45.5) 2 (22.2) 0.42

MWA 12 (54.5) 7 (77.8)

Abbreviations: n, number; IQR, interquartile range; NASH, Non-Alcoholic SteatoHepatitis; BMI, body mass index; PT, pro-
thrombin time; AFP, alphafetoprotein; BCLC, Barcelona clinic liver cancer; RFA, radiofrequency ablation; MWA, microwave 
ablation.
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Figure 2 Immune signature associated with very early HCC recurrence after PTA. (A) Recurrence-free survival of thirty-one patients included in the study: 9 patients (29%) were later 
categorized into the very early recurrence group and 22 patients (71%) into the prolonged recurrence-free group. The median time between ablation procedure and intrahepatic distant 
recurrence was 4.5 months [IQR:3.1–9] in the very early recurrence group. (B) The frequencies of circulating PD1+ T cells compared between “prolonged free recurrence group” and 
“very early recurrence group”. The frequencies of PD1+ T cells, (C) in nontumoral and (D) in tumoral biopsies. (E) The frequencies of circulating TIM3+ T cells. The frequencies of 
TIM3+ T cells, (F) in nontumoral and (G) in tumoral biopsies. The violin plots show the distribution of the data, with median and quartiles.
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tumoral liver.24,25 More precisely, CD8+ T cells represented approximately 35% of the T cell population in the tumor 
tissue and 46% in the non-tumoral part of the liver. Interestingly, we observed significant correlations between intra- 
tumoral and non-tumoral immune profile as well as between non-tumoral and blood immune profile. On contrary, the 
correlation between intra-tumoral profile and blood profile was lower (Figure S2). The frequencies of NK and NKT did 
not differ between the two groups (Table S1).

The Frequency of PD1+ T Cells
The frequency of circulating PD1+ T cells in the CD4+ T cell population was significantly higher in the very early 
recurrence group than in the prolonged recurrence-free group in the peripheral blood (24.3%, IQR: 22.3–36.5 vs 14.0%, 
IQR: 11.5–16.4, p<0.0001), in the nontumoral liver (37.9%, IQR: 36.0–50.0 vs 22.5%, IQR: 18.0–29.9, p=0.0004), and 
in the tumor (37.6%, IQR: 32.3–39.3 vs 24.0%, IQR: 20.0–30.3, p=0.0137), (shown in Figure 2B-D).

There was no difference in the median frequency of PD1+ T cells in the CD8+ T cell population between the two 
groups in the peripheral blood (25.6%, IQR: 16.1–30.4 vs 16.9%, IQR: 14.5–18.9, p=0.12), in the nontumoral liver 
(33.3%, IQR: 27.9–45.6 vs 31.6%, IQR: 18.8–36.2, p=0.18), and in the tumors (32.9%, IQR: 26.5–50.7 vs 32.7%, IQR: 
18.3–40.3, p=0.38), Figure 2B-D, Table 2.

Table 2 The Baseline Frequency of T Cells Expressing Immune Checkpoint Molecules in Peripheral Blood, Nontumoral and 
Intratumoral Liver Tissue

Prolonged Recurrence-Free Group (n=22) Very Early Recurrence Group (n=9) P value

Blood

% of CD4+ T cells, median [IQR]

PD1 CD4+ T cells 14.00 [11.54–16.36] 24.30 [22.3–36.52] <0.0001

TIM3 CD4+ T cells 0.17 [0.11–0.33] 0.10 [0.07–0.79] ns

LAG3 CD4+ T cells 0.08 [0.05–0.77] 0.03 [0.02–0.1] ns

CTLA4 CD4+ T cells 0.24 [0.06–1.55] 0.18 [0.09–0.3] ns

ICOS CD4+ T cells 18.75 [14.33–21.93] 20.13 [12.66–39.42] ns

OX40 CD4+ T cells 1.77 [0.38–2.46] 0.65 [0.16–2] ns

41BB CD4+ T cells 0.53 [0.3–1.21] 0.62 [0.52–1.1] ns

% of CD8+ T cells, median [IQR]

PD1 CD8+ T cells 16.85 [14.54–18.9] 25.55 [16.09–30.4] ns

TIM3 CD8+ T cells 0.83 [0.17–1.16] 16.48 [4.12–19.56] 0.0021

LAG3 CD8+ T cells 0.63 [0.13–1.01] 0.20 [0.11–0.34] ns

CTLA4 CD8+ T cells 0.17 [0.07–2.01] 0.14 [0.05–0.36] ns

ICOS CD8+ T cells 7.47 [4.36–11.22] 22.88 [15.37–52.75] 0.0390

OX40 CD8+ T cells 0.91 [0.33–1.48] 0.64 [0.12–1.23] ns

41BB CD8+ T cells 0.87 [0.34–1.48] 0.88 [0.24–2.21] ns

Non-tumoral

% of CD4+ T cells, median [IQR]

PD1 CD4+ T cells 22.48 [18.03–29.87] 37.9 [35.98–50.00] 0.0004

TIM3 CD4+ T cells 0.84 [0.6–1.13] 0.44 [0.05–1.72] ns

(Continued)
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Table 2 (Continued). 

Prolonged Recurrence-Free Group (n=22) Very Early Recurrence Group (n=9) P value

LAG3 CD4+ T cells 1.00 [0.67–1.89] 1.33 [0.58–1.43] ns

CTLA4 CD4+ T cells 1.99 [0.53–4.42] 0.44 [0.31–0.91] ns

ICOS CD4+ T cells 20.67 [12.68–24.19] 29.23 [22.64–31.90] ns

OX40 CD4+ T cells 3.82 [1.98–5.47] 2.48 [2.21–3.12] ns

41BB CD4+ T cells 2.07 [1.02–3.86] 1.89 [1.15–2.87] ns

% of CD8+ T cells, median [IQR]

PD1 CD8+ T cells 31.62 [18.81–36.18] 33.33 [27.92–45.64] ns

TIM3 CD8+ T cells 1.61 [0.57–2.9] 6.78 [3.27–11.18] 0.0012

LAG3 CD8+ T cells 1.14 [0.58–2.73] 0.73 [0.4–1.46] ns

CTLA4 CD8+ T cells 1.47 [0.25–2.89] 0.4 [0.37–0.82] ns

ICOS CD8+ T cells 8.56 [5.54–17.01] 23.66 [12.23–33] 0.0330

OX40 CD8+ T cells 1.77 [0.65–2.87] 1.25 [0.58–1.97] ns

41BB CD8+ T cells 2.52 [1.25–5.42] 2.22 [1.35–4.44] ns

Intra-tumoral

% of CD4+ T cells, median [IQR]

PD1 CD4+ T cells 24.04 [20.02–30.28] 37.57 [32.31–39.27] 0.0137

TIM3 CD4+ T cells 0.96 [0.31–2.02] 1.48 [0.89–2.76] ns

LAG3 CD4+ T cells 1.31 [0.78–2.34] 0.59 [0.33–1.38] ns

CTLA4 CD4+ T cells 2.05 [1.14–2.89] 0.79 [0.37–1.71] ns

ICOS CD4+ T cells 24.13 [17.44–39.92] 25.98 [21.03–40.33] ns

OX40 CD4+ T cells 4.37 [2.63–6.57] 5.50 [3.24–8.29] ns

41BB CD4+ T cells 2.34 [1.1–6.26] 3.50 [2.27–4.61] ns

% of CD8+ T cells, median [IQR]

PD1 CD8+ T cells 32.68 [18.26–40.26] 32.92 [26.47–50.66] ns

TIM3 CD8+ T cells 2.24 [1.2–5.37] 9.70 [8.83–13.59] 0.0239

LAG3 CD8+ T cells 1.71 [1.25–3.32] 1.53 [0.32–1.58] ns

CTLA4 CD8+ T cells 1.47 [0.34–2.51] 0.41 [0.31–0.5] 0.024

ICOS CD8+ T cells 14.3 [4.12–24.37] 24.48 [17.53–34.33] ns

OX40 CD8+ T cells 1.45 [0.85–2.69] 1.51 [1.28–2.07] ns

41BB CD8+ T cells 2.66 [1.71–6.71] 2.26 [1.77–3.45] ns

Abbreviations: n, number; IQR, interquartile range; ns, not significant; PD1, Programmed cell death 1; TIM3, T cell immunoglobulin and mucin domain-containing protein 3; 
LAG3, Lymphocyte-activation gene 3; CTLA4, cytotoxic T-lymphocyte antigen 4; ICOS, Inducible T cell costimulatory.
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The Frequency of Others ICM Positive T Cells
The frequency of TIM3+ cells in the CD8+ T cell population was also higher in the very early recurrence group in 
the peripheral blood (16.5%, IQR: 4.1–19.6 vs 0.8%, IQR: 0.2–1.2, p=0.0021), in nontumoral liver (6.8%, IQR: 3.3– 
11.2 vs 1.6%, IQR: 0.6–2.9, p=0.001) and in the tumor (9.7%, IQR: 8.8–13.6 vs 2.2%, IQR: 1.2–5.4, p=0.0239) 
(shown in Figure 2E-G).

No difference was observed in other ICM explored on CD4+ T cells or CD8+ T cells, apart from a slightly 
higher frequency of circulating ICOS+ cells in the CD8+ T cell population in the very early recurrence group 
compared with the prolonged recurrence-free group in the circulating blood (22.9%, IQR: 15.4–52.8 vs 7.5%, 
IQR: 4.4–11.2, p=0.0390) and in nontumoral liver (23.7%, IQR: 12.2–33.0 vs 8.6%, IQR: 5.5–17.0, p=0.0330) but 
not in the tumor (Table 2).

Association of ICM Expression in the Circulating Blood with IDR
In our cohort of patients, the frequencies of PD1 expression on CD4+ T cells and TIM3 expression on CD8+ 
T cells on circulating blood before PTA were associated with the clinical outcomes. Contrary to patients with 
prolonged recurrence free survival (Figure 3A and B), patients with high frequency of CD4+ PD1+ T cells and 
CD8+ TIM3+ T cells were frequently associated with very early recurrence at distance from the site of PTA on 
cross-sectional imaging (Figure 3C-G). Importantly, the most discriminative variable was the frequency of PD1 
expression on CD4+ T cells, with a clear threshold at 20%. All individuals in the very early recurrence group 
were found to have a frequency above this threshold, while only one individual from the prolonged recurrence- 
free group was found above this threshold.

Figure 3 Imaging and immunological profiles of representative patients. (A) Arterial phase axial abdominal CT scan in a 73-year-old man (patient No 13) shows a single 28- 
mm right liver HCC (white arrow) with peripheral perfusional disturbances at baseline. (B) Arterial phase axial abdominal CT scan of the same patient 45 months after 
percutaneous thermal ablation shows the ablated area (white arrowhead) without any recurrence. (C) and (E) Arterial phase axial abdominal MRI in a 66-year-old man 
(patient No 5) shows a single 18-mm left liver HCC (white arrow) at baseline. (D and F) Arterial phase axial abdominal CT scan in the same patient 9 months after 
percutaneous thermal ablation shows no recurrence at the ablated area (white arrowhead) but a very early intrahepatic distant recurrence in segment VIII (white circle). (G) 
Immunological profiles of patients No 13 and 5 at baseline. Results are expressed as a heat map-based frequency of positive cells compared with the mean frequency of 
a corresponding subpopulation of cells of the entire cohort; higher than the mean in dark blue.
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Discussion
This study showed that the frequency of PD1+ CD4+ T cells and TIM3+ CD8+ T cells at baseline was significantly 
higher in patients with very early IDR than in patients with prolonged recurrence-free survival after PTA for HCC in 
peripheral blood, nontumoral liver, and in the tumor. Overall, our data revealed an immunological profile associated with 
early IDR. This profile is characterized by the immunosuppressive status of T cells in circulation and in the liver; 
however, the most important differences were observed in the circulating blood and in the non-tumoral tissue, 
demonstrating the relevance of systemic and non-tumoral liver immunity for tumor recurrence. Moreover, in circulating 
blood, the frequency of PD1+ CD4+ T cells was found to be the most discriminative parameter for predicting very early 
recurrence. Frequency thresholds of PD1+ CD4+ T cells > 20% in peripheral blood were associated with an increased 
risk of very early recurrence. We hypothesized that an even better diagnostic test could be designed by logistic regression 
considering the frequencies of PD1+ CD4+ and TIM3+ CD8+. Further work on future larger cohorts is required to 
confirm the findings observed here and further characterize the sensitivity and specificity of such a test.

The specific expression of ICM in this study was consistent with previous observations. While PD-1 expression is 
expected on both CD4+ and CD8+ T cells, TIM3 is known to be preferentially expressed on CD8+ T cells.26 Although 
the majority of studies have focused on intratumoral PD1+ CD8+ T cells, our results highlight the importance of the PD- 
1 expressing CD4+ T cell population for early IDR, suggesting that functional systemic immunity is largely dependent on 
CD4+ T cells.27

Studies to evaluate the safety and efficacy of thermal ablation with immunotherapy for HCC are currently 
ongoing.1,28,29 Recently, the IMbrave050 trial reported a significantly improved recurrence-free survival in HCC patients 
treated with local therapy (surgery or PTA) and adjuvant atezolizumab plus bevacizumab compared with local therapy 
alone.30 In this study, the majority of patients underwent surgery as local therapy, but about 12% of patients underwent 
PTA, indicating interest in this combined approach. Patients included in the IMBrave050 trial had a high risk of 
recurrence such as size >2 cm for PTA with a median diameter of 25 mm, not so different from the mean diameter of 
22.8 mm in our study. Tumor heterogeneity is a major challenge in this context,31 and the selection of patients treated 
with PTA who would benefit from combined immunotherapy is paramount. A pilot study of 39 patients combining anti- 
CTLA4 therapy and ablation confirmed the feasibility of this association and showed that the frequency of CD4+ PD1+ 
cells among peripheral blood mononuclear cells at baseline was higher in patients responding to therapy than in non- 
responding patients.32 Higher levels of PD1+ CD4+ T cells were also associated with a better response to immune 
checkpoint inhibitors in lung cancer.33 As suggested by our data, if the same category of patients is at risk of early IDR 
after ablation, the combination of PTA with immune checkpoint blockade targeting PD1 and TIM3 should be explored in 
this specific population.

One limitation of this study was the small cohort size. The difference in the distribution of ablation techniques and 
sex between the two groups may also be discussed, although the difference was not statistically significant. Similar to 
other HCC studies, the current study was performed on a relatively small sample of tissue obtained via needle biopsy, 
which could limit the accuracy of the description of the heterogeneous landscape of the liver immune microenvironment. 
However, our data revealed that the main immunological differences between patients with very early IDR and patients 
with prolonged recurrence-free survival after PTA for HCC can be observed at the peripheral blood level. Additionally, 
immunomonitoring of peripheral blood after PTA would also have provided interesting information, as systemic 
modulation was reported after PTA34,35 and should be explored in the future.

Conclusion
This study highlights the importance of the baseline systemic immunosuppressive status, mainly PD1 expression on 
CD4+ T cells and TIM3 expression on CD8+ T cells, as a predictive factor for very early intrahepatic distant recurrence 
after PTA. These results may be of interest to better understand the future association of PTA with adjuvant immu-
notherapies to prevent very early tumor recurrence. Further studies are needed to confirm this pilot study.
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