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Interim efficacy and safety of
PD-1 inhibitors in preventing
recurrence of hepatocellular
carcinoma after
interventional therapy
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Jianjun Li*, Yu Sun®, Chunwang Yuan®’, Wen Wang?,
Biyu Liu* and Yonghong Zhang**

HInterventional Therapy Center for Oncology, Beijing You ‘an Hospital, Capital Medical University,
Beijing, China, ?Center for Infectious Diseases, Beijing You ‘an Hospital, Capital Medical University,
Beijing, China, *Research Center for Biomedical Resources, Beijing You ‘an Hospital, Capital
Medical University, Beijing, China

Introduction: Locoregional interventional therapy including transcatheter
arterial chemoembolization (TACE) and ablation are the current standard of
treatment for early-to-mid-stage hepatocellular carcinoma (HCC). However,
questions remain unanswered regarding the management of recurrence after
locoregional treatment. PD-1 inhibitors can block inhibitory signals of T-cell
activation and proliferation to reduce the recurrence. We conducted a single-
arm phase 2 trial to evaluate the efficacy and safety of PD-1 inhibitors following
locoregional interventional therapy in HCC patients with high recurrence risk
guided by our novel scoring system.

Methods: Patients enrolled initially treated by TACE combined with ablation,
then willingly joined the experimental group. One month later, they received
the anti-PD-1 adjuvant therapy (intravenous injection of 200 mg), which was
repeated every 3 weeks for a total of 4 or 8 cycles. Within this same period,
other patients were screened into the control group to match the experimental
group by 1:1 based on the propensity score matching method (PSM). The
primary endpoint was relapse-free survival (RFS). Secondary endpoints
included overall survival (OS) recurrence modality, safety, and quality of life.

Result: At the time of data cutoff, the median RFS of the control group was 7.0
months while the experimental group had not reached it. Moreover, the 1-year
RFS rate was 73.3% in the experimental group and 46.7% in the control group,
showing a significant difference (P =0.02). The rate of local tumor progression
in the experimental group was clearly lower than that in the control group (P =
0.027). Benefits associated with anti-PD-1 adjuvant therapy were observed in
patients with multiple tumors and tumor size <2cm. Univariate and multivariate
analyses demonstrated that anti-PD-1 adjuvant therapy was an independent
favorable prognostic factor for RFS in HCC patients. The most frequent AE
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observed in this study was RCCEP, and other AEs included diarrhea,
hepatotoxicity, rash, pruritus, and fatigue. The incidence of GRADE >3 AE and
withdrawal in this study was low with no deaths recorded.

Conclusions: Interim analysis from the study suggest the addition of anti-PD-1
adjuvant therapy after TACE combined with ablation could significantly prolong
RFS with controllable safety for early-to-mid-stage HCC patients with high

recurrence risk.
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Introduction

Hepatocellular carcinoma (HCC) was the sixth most
common tumor and had the third-highest cancer-related
mortality worldwide in 2020 (1). Unlike other types of cancer,
where surgery, radiation, and systemic therapies dominate the
therapeutic landscape, in HCC loco-regional interventional
treatments are the mainstay of therapeutic options (2-4).
Ablation is one of the foundation options for early-stage HCC,
with a 5-year survival rate of 70% (5), while transcatheter arterial
chemoembolization (TACE) is the main treatment method for
the intermediate stage, with an estimated survival time of over 2
years (6).

In the last decade, treatment modalities for different stages of
tumors, such as targeted therapy, immunotherapy, and
chemotherapy, have made tremendous progress which
effectively enhances the prognosis of patients (7-10). However,
questions remain unanswered regarding the management of
recurrence after locoregional treatment. Some patients
recurrent quite early after locoregional interventional
therapies, the median time to recurrence is 20-30 months,
even in patients at the early stage (11-13). Numerous scholars
have devoted themselves to exploring solutions, focusing on two
primary strategies. Identifying high-risk patients is one of the
main approaches (14). Many factors could predict treatment
failures, such as tumor size, alpha-fetoprotein (AFP), Child-
Pugh score, and BCLC stages (15-18). Our team developed a
novel scoring system based on gender, tumor number, AFP, Fib,
and albumin-to-prealbumin ratio to stratify patients with HCC
into groups with different recurrence risks (19). At one year after
locoregional interventional therapy, the recurrence rate in the
low and intermediate-risk groups was 4% and 23.4%, while the
high-risk group was 47.3%, with an area under the curve of 0.68.

Adjuvant therapy following locoregional intervention
therapies is the other potential solution to recurrence (20).
The immunity role of T cells is known to play a critical role
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during tumorigenesis and development (21). Our team’s studies
on tumor-specific T-cell immune responses in HCC patients
showed that: compared with the advanced stage, HCC patients
with early-stage had broad-spectrum immunity and high-
intensity SMNMS (SALL4, MAGE-A3, NY-ESO-1, MAGE-A1,
SSX2) specific T cell immune responses, which could delay
tumor recurrence after ablation (22). Furthermore, the
relapsed patients after ablation showed activation of the PD-1/
PD-L1 pathway in PBMC methylation levels compared to non-
relapsed patients, suggesting that the activation of PD-1/PD-L1
pathway was not conducive to the control of tumor by the
immune system (unpublished data). Moreover, PD-1 inhibitors
can block inhibitory signals of T-cell activation and proliferation
S0 as to restore immune function (23).

Hence, we conducted a single-arm phase 2 trial to evaluate
the efficacy and safety of PD-1 inhibitors following locoregional
interventional therapy in HCC patients with high risk guided by

our novel scoring system.

Patients and methods
Patients

Eligible patients were aged 18 to 75 years old and had a
pathological or radiographic confirmed diagnosis of HCC that
met the criteria of the American Association for the Study of
Liver Diseases (24), with the goal of complete ablation which was
defined as complete non-enhancement of treated tumor on
contrast-enhanced computed tomography (CT). All patients
classified as China liver cancer staging (CNLC) I a, I b, II a, or
IT b satisfied the criteria of Class A or B of the Child-Pugh
classification and had an Eastern Cooperative Oncology Group
(ECOG) performance status of 0 or 1. Only high relapse-risk
patients were included, which was evaluated by a scoring system
(19)established in our previous research.
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The exclusion criteria were as follows (1): major surgery was
performed within 3 weeks before treatment (2); other malignant
diseases were diagnosed in the past 5 years (3); advanced HCC
(4); autoimmune liver disease (5); received other therapies, such
as Chinese patent medicine, drugs with immunomodulatory
effects, glucocorticoid therapy or other immunosuppressive
therapies (6); received anti-PD-1/PD-L1 therapy. Complete
eligibility criteria are provided in the trial protocol.

The clinical trial was conducted according to the Declaration
of Helsinki and the Good Clinical Practice guidelines of the
International Conference of Harmonisation. The protocol and
amendments were approved by the ethics committee of the
Beijing You’an Hospital affiliated to Capital Medical University
(Ethics approval number: 2020-118), and all patients signed
written informed consent forms. This study was registered at the
Chinese Clinical Trial Registry (ChiCTR2000038949).

Trial designs and treatment

Patients enrolled initially treated by TACE combined with
ablation (hereinafter referred to as combination therapy) and
achieved complete remission which is defined as the presence of
an ablative margin of at least 5 mm around the entire tumor, no
more enhancing area in the arterial phase and no more defect in
the portal phase on enhanced CT scan (25, 26). Then, patients
willingly joined the clinical trial (experimental group) for anti-
PD-1 adjuvant therapy. Within the same period, patients were
screened into the control group from patients who disagreed to
receive anti-PD-1 adjuvant therapy after having received
combination therapy, based on the inclusion and exclusion
criteria and the scoring system. Lastly, patients in two groups
were 1:1 matched on the basis of the propensity score matching
method (PSM), to ensure well-balanced significant variables
between groups and make the groups comparable.

The TACE procedure was performed by two interventional
radiologists with five years of experience with this approach. The
right femoral artery was cannulated by percutaneous puncture
under local anesthesia. The hepatic tube was delivered to the
hepatic artery via an ultra-slip guidewire and connected to a
high-pressure syringe under DSA with a total volume of 16 ml
and a flow rate of 4 ml/s to visualize the intrinsic hepatic artery,
right and left hepatic arteries and branches. A highly flexible
coaxial microcatheter was delivered into the tumor-supplying
artery using selective/super-selective techniques, after which the
doxorubicin and lipiodol mixture was injected. And the
microcatheter was connected to a high-pressure syringe for
imaging. Finally, embolization materials, such as gelatin
sponges or polyvinyl alcohol particles, were then used to
embolize until complete stasis of the blood flow in the vessels.
The doses of the drug were based on patients’ white blood cell
count, platelet count, and liver function. Angiography showed
intratumoral vessel occlusion, embolization agent filling, and
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tumor staining disappearance, which was considered the
endpoint of embolization.

Local ablation was performed under the guidance of CT or
magnetic resonance imaging (MRI) within 2 weeks after TACE.
The procedures were summarized as follows (1): the appropriate
location was selected by CT or MRI to determine the ablation
procedure (2); after disinfection, spreading towels, and puncture
site anaesthesia, the ablation needles were inserted into the skin
(3); multiple overlapping ablations should be considered based
on tumor size and tumor number, then timely image scanning to
track the ablation process (4); after ablation, the ablation needle
was pulled out and the needle track was ablated to prevent
bleeding and metastasis. Regardless of the choice of single or
fractional ablation, the safe ablation range of 0.5-1.0cm should
be reserved to ensure complete coverage of the tumor and
achieve complete ablation.

One month after ablation, patients in the experimental
group received the anti-PD-1 adjuvant therapy (intravenous
injection of 200 mg) repeated every 3 weeks for 4 or 8 cycles,
according to clinical guidelines. The treatment was continued
until disease progression, unacceptable toxicity, consent
withdrawal, investigator decision, or receiving adequate
treatment cycles, whichever occurred first.

If any adverse events (AEs) occurred during the trial, the
possible reasons first needed to be determined as quickly as
possible by the investigator. Then, the dose was adjusted
depending on the severity of the AEs occurred in the previous
dosing cycle.

Endpoints and assessments

The primary endpoint was relapse-free survival (RFS)
defined as the time from local interventional therapy to the
time of recurrence or the follow-up deadline. The secondary
endpoints included overall survival (OS), recurrence modality,
safety, and quality of life. The OS is calculated from the date of
initial treatment to the follow-up deadline or death.

The recurrence modality was classified as local tumor
progression (LTP), intrahepatic distant recurrence (IDR), and
extrahepatic metastasis (EM) based on recommendations by the
International Working Group on Image-Guided Tumor
Ablation (27). LTP was designated as tumor recurrence within
or adjacent to the original ablation lesion (<2.0 cm from the edge
of the ablation site). IDR was defined as a new tumor with typical
HCC enhancement features within different liver subsegments
distinct from the original ablation site. And extrahepatic
metastasis (ED) was defined as metastases outside the liver.

Patients were scheduled to be followed up every 3 months.
Recurrence as endpoints of interest was confirmed by contrast-
enhanced CT or MRI, which were evaluated at baseline and every
3 months thereafter. Then the clinical examinations, including
blood routine, liver biochemistry, AFP, coagulation test, and
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thyroid function tests, were recorded and laboratory assessments
were undertaken before administration of each dose.

AEs were monitored and graded according to the National
Cancer Institute (NCI) Common Terminology Criteria for
Adverse Events (CTCAE) Version 5.0. After treatment,
patients were followed up for safety for up to 30 days and for
long-term survival to monitor AE.

Patient’s quality of life was assessed with the use of the
European Organization for Research and Treatment of Cancer
(EORTC) quality-of-life questionnaire for cancer (EORTC
QLQ-C30) (28). The time of deterioration in the quality of life
was calculated from enrollment to deterioration in the quality of
life. And the deterioration is defined as a decrease of 10 points or
more from baseline or death, whichever occurred first.

Statistical analysis and sample
size calculation

The prior sample size was calculated relative to the primary
outcome achievement. All sample size calculations assumed an o
of 0.05, under 2-sided hypothesis testing, and B error of
0.20 (power = 80%).

Our previous research showed that the 1-year RFS rates of
high-risk patients were 52.7%. Assuming that combined anti-
PD-1 adjuvant therapy, the 1-year RFS rates of high-risk patients
can reach 75%. Meanwhile, assuming 24 months of planned
enrollment and the longest follow-up period of 24 months, 21
subjects should be enrolled. Taking into account a dropout rate
of 15%, 25 patients were required to detect this hypothesized
reduction rate.

Continuous variables were expressed as mean (standard
deviation [SD]) or median (IQR), while categorical variables
were presented with frequency distributions (n, %).
Comparisons between two groups were performed by using the
independent-samples T-test, Mann-Whitney Wilcoxon test, or
Pearson Chi-squared tests. RES/OS were estimated by the Kaplan-
Meier method and compared with log-rank tests. Univariate and
multivariate analyses were conducted with Cox proportional
hazards regression models to identify factors independently
associated with RES and OS. Subgroup analyses were performed
by age, ECOG-PS, Child-Pugh score, CNLC staging, etiology, and
tumor number. A Cox proportional hazards model was used to
estimate the HR and 95% CIs for the group comparison.

To reduce selection bias and the effects of confounding
factors, logistic regression was used to compute propensity
scores and then matched the control group to the experimental
group using a 1:1 ratio. Standardized mean differences below 0.2
indicate successful balance in the variables, including age, sex,
Child-Pugh score, AFP, CNLC staging, ECOG-PS, recurrence risk
grade, cirrhosis, ALT, and AST.

All statistical analyses were processed using SAS version9.4
software (SAS Institute, Cary, NC, USA) or R3.6.2 statistical

Frontiers in Immunology

04

10.3389/fimmu.2022.1019772

software (R Foundation for Statistical Computing, Vienna,
Austria). And all statistical tests were performed using a two-
sided significance level of 0.05. In addition, the 95% confidence
intervals and P values would be presented when calculating the
difference in means between groups.

This analysis is a phased analysis of this trial. As of the data
cut-off of December 31, 2021, a total of 15 patients were enrolled,
of which 4 had relapsed. All data reported here are based on a
phased analysis and have statistically meaningful results. The
trial continues to accumulate long-term data.

Results
Baseline patient characteristics

Among thirty-six patients who were screened between October
11, 2020, and December 31, 2021, 15 patients were enrolled and
accepted combination therapy followed by anti-PD-1 adjuvant
therapy (Figure 1). Of all the patients in the experimental group,
7 patients received radiofrequency ablation and 8 patients accepted
microwave ablation. Then, one-to-one PSM produced 15 matched
patient pairs who also received the combined treatment, containing
9 patients who underwent radiofrequency ablation and 6 patients
treated with microwave ablation.

The baseline patient characteristics were similar between the
two groups no significant differences were found in several
important variables, such as age, gender, etiology, serum
biochemical and AFP levels, Child-Pugh score, CNLC staging,
ECOG-PS, tumor number, tumor size, recurrence risk grade and
ablation modality (Table 1).

Efficacy

RFS was analyzed for the two groups, and the median follow-
up time was 5.6 months(range,1.3-14.2). The median RFS
(mREFS) of the control group was 7.0 months (95% CI: 2.0-
12.0) while the experimental group had not reached it at the time
of data cutoff. Moreover, the 1-year RFS rate was 73.3% (95% CI:
44.8%-91.1%) in the experimental group and 46.7% (95% CIL:
22.2% - 72.6%) in the control group, showing a significant
difference (HR, 0.251; 95% CI, 0.072-0.871; P =0.02)
(Figure 2). As for OS, there were no treatment-related deaths
in the two groups, and neither group reached the median OS.
Note that no appreciable difference in prognosis was observed
between patients treated for 4 cycles and 8 cycles(P=0.127).

The rate of LTP in the experimental group was 6.7% (95%CI:
3.5%-34.0%), which was clearly lower than that in the control
group (40% with a 95%CI of 1%-75.9%, P = 0.027). And, the rate
of IDR in experimental group and control group were 20% (95%
CI: 5.3%-48.6%), 13.3% (95%CI: 2.3%-41.6%), respectively. EMs
were not identified in either cohort (Table 2).

frontiersin.org


https://doi.org/10.3389/fimmu.2022.1019772
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Qiao et al.

10.3389/fimmu.2022.1019772

Assessed for eligibility
(1=36)

A

Patients enrolled
(n=18)

Excluded (n=18)
Treatment results of tumors were ineligible on day 30 (n=5)
Dropped out of the trial due to the epidemic(n=7)

Joined other clinical trials (n=6)

Excluded (n=3)
withdrew consent: refused to accept anti-PD-1 adjuvant therapy

Patients agreed to accept TACE combined with ablation
followed by anti-PD-1 adjuvant therapy (n=15)

No recurrence (n=11)

Recurrence(n=4)

7 patients received four cycles and continued to follow up
1 patient received two cycles and discontinued because of severe AE
3 patients were undergoing study treated at data cut-off

1 patient received four cycles was assessed to recurrence and discontinued
1 patient received six cycles was assessed to recurrence and discontinued
2 patients received eight cycles were assessed to recurrence and discontinued

FIGURE 1

Flow chart of the patients included in the study. TACE: transcatheter arterial chemoembolization.

Waterfall plots were plotted to compare the change in serum
AFP levels as a tumor marker from baseline to the last follow-up.
As shown in Figure 3, serum AFP levels were decreased in 9
(60%) patients in the experimental group and 3 (20%) in the
control group, with a statistically significant difference between
the two groups (P=0.025).

Subgroup analyses showed that anti-PD-1 adjuvant therapy
provided clinical benefits in all subgroups. In particular, benefits
associated with anti-PD-1 adjuvant therapy were observed in patients
with multiple tumors (HR =0.209, 95%CI: 0.048-0.91, P =0.037) and
tumor size <2cm (HR =0.118,95%CI:0.014-1.0, P =0.05) (Table 3).

Prognostic factors affecting RES were analyzed. Univariate and
multivariate analyses including age, Child-Pugh score, CNLC
staging, AFP level, and methods of therapy (combination therapy
followed by anti-PD-1 adjuvant therapy versus combination
therapy) were conducted in all study patients (N = 30). Results
showed that anti-PD-1 adjuvant therapy (adjusted HR, 0.251; 95%
CI, 0.072-0.871; P =0.029) was a significant favorable predictor of
RES (Table 4).

The quality of life of the patients in the experimental group
was assessed when they received anti-PD-1 adjuvant therapy,
while matched patients in the control group were followed up by
telephone or outpatient to evaluate their quality of life. By
December 31, 2021, all patients had completed quality-of-life
assessments, and none of them experienced a deterioration in
their quality of life.

Safety

As for safety, data from 15 patients in the experimental group
were analyzed. The rate of any grade of treatment-related adverse
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events (TRAE) was 60% (9/15), including 53.3% (8/15) for grades
1-2 AE, 6.7% (1/15) for grades>3 AE, and 6.7% (1/15) for severe
AE. One patient (6.7%) discontinued due to severe adverse events,
and no treatment-related deaths occurred (Table 5).

The most frequently grade 1-2 AE were reactive cutaneous
capillary endothelial proliferation (RCCEP) (20%), fatigue
(13.3%), increased AST (13.3%), and increased ALT (13.3%).
Some patients experienced adverse events such as a rash (6.7%),
pruritus (6.7%), increased blood bilirubin (6.7%), decreased
platelet count (6.7%), and diarrhea (6.7%). The AE of grade 3
or higher that occurred was hyperthyroidism (13.3%) (Table 6).

Discussion

The present study was the first clinical study based on the
scoring system of recurrence in HCC patients to explore the
efficacy and safety of anti-PD-1 adjuvant therapy after
locoregional therapy in early-to-mid-stage HCC patients with
a high risk of recurrence. Interim results showed that adjuvant
anti-PD-1 therapy was an effective and tolerable treatment
regimen with encouraging results in RFS, quality of life, safety,
and rate of LTP.

There were reports that Sorafenib was not an effective
intervention in the adjuvant setting for HCC following resection
or ablation (29), while our study showed encouraging outcomes,
which had many success factors. First of all, our previous
experimental results confirmed that ablation affected T-cell
immunity which plays a role in the occurrence and development
of HCC (22, 30); and demonstrated that recurrence after ablation
correlates with poor immune reconstitution, which may be
influenced by activation of the PD-1 signaling pathway
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TABLE 1 Baseline characteristics of patients after propensity score analysis.

Variable

Age (IQR), year
Gender— no. (%)

male

Etiology— no. (%)

HBV

HCV

Alcohol

Cirrhosis— no. (%)
ECOG-PS— no. (%)
PS=0

PS=1

Child-Pugh score— no. (%)
A

B

CNLC staging— no. (%)
Ia

Ib

Ta or IIb

Ablative modality— no. (%)
RFA

MWA

Tumor number — no. (%)
Single

Multiple

Tumor size — no. (%)
<2cm

>2cm

AFP (IQR), ng/mL

ALT (IQR), U/L

AST (IQR), U/L

TBIL (IQR), umol/L
PLT (IQR),1079/L

ALB (IQR), g/L

Experimental group (n=15)

59 (53-63)

15 (100%)

13 (86.7%)
0

2 (13.3%)

15 (100%)

7 (46.7%)
8 (53.3%)

12 (80%)
3 (20%)

5(33.3%)
7 (46.7%)
3 (20%)

7 (46.7%)
8 (53.3%)

4(26.7%)
11 (73.3%)

10 (66.7%)

5 (33.3%)
8.14 (3.01-20.9)
24 (15-29)
26 (21-30)
15.6 (12.9-25.4)
138 (86-162)
38.1 (34.3-39.4)

Control group (n=15) P-value
60 (54-64) 0.718
1
15 (100%)
0.135
13 (86.7%)
2 (13.3%)
0
15 (100%) 1
0256
4(26.7%)
11 (73.3%)
1
12 (80%)
3 (20%)
0.09
3 (20%)
12 (80%)
0
0.464
9 (60%)
6 (40%)
0.136
8 (53.3%)
7 (46.7%)
0.409
12 (80%)
3 (20%)

7.89 (3.38-30.7) 0.823
20 (13-30) 0517
28 (21-32) 0.651

20.1 (17-26.9) 0345
104 (74-145) 0.187
40.4 (34.9-42) 0.285

10.3389/fimmu.2022.1019772

HBYV, hepatitis B virus; HCV, hepatitis C virus; ECOG-PS, Eastern Cooperative Oncology Group performance status; CNLC, China liver cancer staging RFA, radiofrequency ablation;
MWA, microwave ablation; AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; PLT, platelet; ALB, albumin.

(unpublished data). Additionally, based on our scoring system, this
study accurately screened patients at high risk of recurrence. In the
era of precision medicine, choosing the optimal treatment strategy
for individualized treatment will also achieve early prevention of
disease recurrence.

In our study, anti-PD-1 adjuvant therapy was highly effective in
reducing the risk of recurrence (HR=0.251). Compared with the
control group, the risk of recurrence in the experimental group was
reduced by 74.9%, suggesting that anti-PD-1 adjuvant therapy can
provide significant clinical benefits for RES which also was proved
in other results of this study. First, AFP, as a single biomarker for
diagnosing HCC, can well monitor treatment response (31, 32).
Figure 3 shows that anti-PD-1 adjuvant therapy can effectively
reduce AFP in the experimental group, which could reflect the
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therapeutic effect of anti-PD-1 adjuvant therapy. Second, although
it did not reach a significant difference in most subgroups, the
benefit of anti-PD-1 adjuvant therapy showed a positive trend in
RFS and could effectively decrease the relapse risk of patients with
multiple tumors and tumor size <2cm to 79.1% and 89.2%,
respectively. Finally, multivariate analysis showed that anti-PD-1
adjuvant therapy was an independent favorable prognostic factor
for RFS in HCC patients.

Besides clinical factors such as tumor load or vascular
invasion, studies have also proved that immunity mechanisms
were related to the recurrence of HCC (33-38) The tumor
immune microenvironment of the liver plays a crucial role in
the recurrence of HCC after ablation. Ablation, especially
radiofrequency ablation, could induce multiple mechanisms
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FIGURE 2

Kaplan-Meier plots for RFS in the experimental group and control group

for immune protection. Because that thermal damage could
promote tumor cells to release tumor antigens and upregulate
inflammatory cytokines and cytotoxic T-cell subsets in the
sublethal zone adjacent to the ablation (39). Relevant tumor-
specific T-cell responses were enhanced within weeks after
ablation, and the number of induced T-cells is associated with
RFS (40). However, the effective immunogenicity induced by
ablation is not sufficient to prevent a recurrence ultimately. PD-1
inhibitors could block the tumor immune escape pathway and
maintain the T cells’ tumor cell-killing activity via binding to
PD-1 on the surface of T cells (41, 42). As shown in Figure 2,
there was a significant difference in RFS between the
experimental and control groups, suggesting that combined
immunotherapy after locoregional interventional therapy could
enhance the anti-tumor immune response within the tumor
microenvironment to reduce or prevent a recurrence, which may
prove that anti-PD-1 adjuvant therapy can effectively improve
the therapeutic effect, which is exactly as we expected. Based on
the high-risk relapse population, local therapy combined with a
systemic system, especially in combination with anti-PD-1
adjuvant therapy, should be well explored for improving the
prognosis of HCC patients, proposing a promising approach for
future combination therapy.

Compared with the control group, the LTP rate of the
experimental group was significantly reduced. Our team’s data

TABLE 2 Comparison of recurrence modality between the two groups.

Recurrence modality Experimental groupEvents (%)

LTP 1(6.7)
IDR 3 (20)
EM 0

(22) showed that ablation therapy could improve the patient’s
tumor-associated antigen (TAA)-specific T-cell immune
response in the short term, accompanied by changes in PD1
expression levels. Simultaneously, PD-1 inhibitors further
maintain T cell function by blocking the inhibitory signaling
of PD-1 molecules on the surface of T cells (43). In addition,
ablation could promote local cell infiltration and perifocal
antigen release, resulting in T-cell activation (29). However, as
the immune improvement caused by ablation is not lasting and
is accompanied by tumor constitution; its control effect on
distant lesions in the liver may not be significant (unpublished
data). Further experiments are needed to determine
such mechanisms.

All patients were alive by the date of the last follow-up, and
longer-term follow-up is required to evaluate OS benefits
associated with adjuvant anti-PD-1 therapy. At the same time,
there was no deterioration in the quality of life in both groups,
which may be because all patients underwent combination
therapy to achieve complete recovery. Numerous studies have
pointed out that TACE combined with Ablation in patients with
early-stage HCC was superior to ablation alone, even in
intermediate-stage HCC patients (44-47). Thus, all patients in
this study received combination therapy.

The most frequent AE observed in this study were reactive
cutaneous capillary endothelial proliferation (RCCEP, which is a

Control groupEvents (%) Hazard ratio (95%CI) P-value
6 (40) 0.088 (0.01-0.759) 0.027
2(13.3) 0.722 (0.112-4.668) 0.733
0 NE NE

LTP, local tumor progression; IDR, intrahepatic distant recurrence; EM, extrahepatic metastasis; NE, not evaluated. The bolded values represent statistically significant differences.
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Changes in serum AFP levels from baseline to the last follow-up time. (A) Waterfall plot of changes in serum AFP levels in experimental group.
(B) Waterfall plot of changes in serum AFP levels in control group. AFP, alpha-fetoprotein.

specific AE of camrelizumab), and other AEs included
gastrointestinal reactions (diarrhea), hepatotoxicity (changes in
indicators of liver functions), skin reactions (rash and pruritus),
and fatigue, which were consistent with the safety profile of anti-
PD-1 therapy previously reported (48-50). None of the patients
showed fever or infusion reactions. Several researchers reported
that enhanced immune responses induced by immune
checkpoint inhibitors could cause severe thyroid disorders
(51-53). In our study, one patient withdrew from the trial due
to severe hyperthyroidism. As the enrolled patients with early or
intermediate-stage liver cancer were in good physical condition
to tolerate the toxicity caused by anti-PD-1 adjuvant therapy, the
incidence of GRADE 23 AE and withdrawal in this study was
low with no deaths recorded. Overall, anti-PD-1 adjuvant
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therapy was safe and well-tolerated for HCC patients in the
early-intermediate stage.

Nevertheless, several limitations exist in the study. First of
all, this study is a single-center study limited to an Asian
population with small sample size. And it included a widely
varied patient population from a Chinese institute, so selection
bias is inevitable. However, the control group matched by PSM
might somehow balance the selection bias, and the high RES rate
in the control group reflected these patients’ relapse risk. And
our study also provides a promising idea to improve the
prognosis for other populations with HCC. Another limitation
of this study was that the total number of patients analyzed was
relatively small, with a comparatively short follow-up period.
Our previous studies showed that early recurrence often occurs
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TABLE 3 Subgroup analysis for RFS according to patient characteristics at baseline.

Subgroup Value
Age <60
=260
ECOG-PS PS=0
PS=1
Child-Pugh score A
B
CNLC staging Ia
Ib
Etiology HBV
Other
Tumor number Single
Multiple
Tumor size <2cm
>2cm

P-Value HR (95%CI)
0.165 0.201 (0.021-1.937)
0.067 0.128 (0.014-1.159)
0.581 0.007 (0-263828.176)
0.145 0.394 (0.113-1379)
0.108 0.343 (0.093-1.265)
0471 0.015 (0-1327.44)
0.434 0.007 (0-1792.569)
0.157 0.304 (0.058-1.585)
0.082 0303 (0.079-1.163)
0471 0.015 (0-1327.44)
0451 0.023 (0-406.493)
0.037 0.209 (0.048-0.91)
0.05 0.118 (0.014-1.0)
0616 0.002 (0-47438567.93)

REFS, Recurrence-free survival; HR, hazard ratio; CI, confidence interval; ECOG-PS, Eastern Cooperative Oncology Group performance status; CNLC, China liver cancer staging. Notes: no
subgroup analysis was performed for CNLC II a or II b patients due to no CNLC II a or II b patients in the control group. The bolded values represent statistically significant differences.

TABLE 4 Univariate and multivariate analysis of factors associated with RFS.

Variables Univariate analysis Multivariate analysis
HR (95%CI) P value HR (95%CI) P value
Age 0.974 (0.883-1.074) 0.599
Child-Pugh score 1.545 (0.304-7.86) 0.6
CNLC staging 0322 (0.38-2.734) 0.299
AFP level 1.0 (0.983-1.017) 0.956
Methods of therapy 0.150 (0.026-0.857) 0.033 0251 (0.072-0.871) 0.029

CNLC, China liver cancer staging; AFP, alpha-fetoprotein. The bolded values represent statistically significant differences.

TABLE 5 Adverse events related to anti-PD-1 treatment.

Variable

Treatment-related adverse events.

Grade 1-2 adverse events

Adverse events of >grade 3

Serious adverse events

Serious adverse events leading to drug discontinuation

Serious adverse events leading to death

in the first 2-3 years after ablation, making up about 70% of
recurrence events (19). Moreover, as an interim analysis, our
study is not concluded here. Follow-up will be continued and
outcomes, including both relapse and long-term survival, will be
reported in the future. Future studies with multicenter, large
sample sizes, and long follow-up duration will be needed.
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Experimental group (n=15)

9 (60%)

8 (53.3%)

1 (6.7%)

1 (6.7%)

1 (6.7%)
0

Conclusion

In summary, interim data suggest the addition of anti-PD-1
adjuvant therapy after TACE combined with ablation can
significantly prolong RFS with controllable safety for early-to-
mid-stage HCC patients. In a more general precision medicine
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TABLE 6 Adverse events with an incidence of more than 5% in the experimental group.

Variable

Hypothyroidism

Hyperthyroidism

Rash

Increased aspartate aminotransferase
Increased alanine aminotransferase
Increased blood bilirubin
Decreased platelet count

RCCEP

Pruritus

Diarrhea

Fatigue

Fever

Infusion-related reaction

RCCEP, reactive cutaneous capillary endothelial proliferation.

context, screening high-risk recurrence patients for combination
therapy can effectively augment the outcome of patients’
prognosis and long-term survival quality, gaining important
clinical significance. Therefore, the combination of therapeutic
regimens could inform novel treatment options for this
patient population.
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