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Abstract 

Background and aims Hepatocellular carcinoma (HCC) frequently recurs after surgical treatment, necessitating 
effective postoperative recurrence management for improved long-term patient outcomes. Currently, no standard-
ized treatment approach exists for recurrent unresectable HCC. This study aims to investigate the safety and efficacy 
of combining tyrosine kinase inhibitors (TKIs) and programmed cell death protein-1 (PD-1) inhibitors with hepatic 
arterial infusion chemotherapy (HAIC) or transarterial chemoembolization (TACE) in the treatment of recurrent unre-
sectable HCC.

Methods A retrospective analysis was conducted on clinical data from 83 patients diagnosed with unresectable 
recurrent HCC. Patients were categorized into three groups based on their treatment regimens: HAIC combined 
with TKIs and PD-1 inhibitors (HTP), TACE combined with TKIs and PD-1 inhibitors (TTP), and TACE alone. Treatment 
efficacy and safety were compared among these groups, and potential risk factors were identified.

Results The median progression-free survival (PFS) for patients in the HTP group, TTP group, and TACE alone group 
was found to be 13.7, 9.2, and 2.5 months (p = 0.001, p = 0.002). According to the mRECIST criteria, the disease con-
trol rates (DCR) in the HTP, TTP and TACE groups was 89.7%, 75.0%, 50.0% (p = 0.002); objective response rates (ORR) 
was 44.8%, 35%, 14.7% (p = 0.037); and complete response (CR) was 17.2%, 0, 0 (p = 0.005). No serious adverse reac-
tions were observed in the HTP and TTP groups.

Conclusion The HTP and TTP groups were safe and effective compared to TACE alone for the treatment of recurrent 
unresectable hepatocellular carcinoma, and the HTP group demonstrated a superior CR.
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Introduction
Liver cancer ranks as the sixth most prevalent cancer 
and stands as the third leading cause of cancer-related 
fatalities worldwide [1]. Hepatocellular carcinoma (HCC) 
constitutes approximately 90% of primary liver cancers. 
While surgery remains the primary therapeutic approach 
for HCC patients, the formidable recurrence rate fol-
lowing surgery presents a substantial clinical challenge. 
Previous investigations have demonstrated a 5-year 
recurrence rate of approximately 70% for early-stage 
HCC after surgical resection [2, 3]. The recurrence within 
2 years after radical surgery for hepatocellular carcinoma 
is considered as early recurrence, which usually appears 
in the vicinity of the resected lesion due to intrahepatic 
metastasis of the primary tumour [4]. Elevated alpha-
fetoprotein (AFP), multiple tumours, tumour size, satel-
lite nodules, and vascular invasion are strongly associated 
with post-surgical recurrence of hepatocellular carci-
noma in patients [5–7]. Due to the complexity of liver 
cancer recurrence, the choice of recurrence treatment is 
even more tricky, and safe and effective therapies that can 
prolong survival and improve life treatment for recurrent 
patients need to be continuously explored.

Currently, there is no consensus on the optimal treat-
ment regimen for patients confronting unresectable 
recurrent HCC. An increasing number of scholars are 
exploring options for recurrence treatment, with liver 
transplantation, re-hepatic resection, local ablation, 
hepatic artery chemoembolisation (TACE), and sys-
temic therapies being applied to patients with recurrent 
hepatocellular carcinoma [8–12]. Liver transplanta-
tion for recurrent hepatocellular carcinoma resulted in 
overall recurrence-free survival rates of 84.8%, 68.2%, 
and 68.2% at 1, 3, and 5  years postoperatively, respec-
tively, exceeding the UCSF transplantation criteria, 
tumour diameter ≥ 5 cm, and time to recurrence ≥ 1 
year were associated with recurrence after liver trans-
plantation [13]. Roayaie et al. analysed second hepatec-
tomy for recurrent hepatocellular carcinoma and the 
5  year overall survival rate after the second resection 
was 67% but was only used in 15% of patients [14]. Chen 
et  al. showed that radiofrequency ablation had similar 
1, 3 and 5  year overall survival rates to repeat hepatic 
resection in their study of recurrence treatment [15]. 
Due to the complexity of postoperative recurrence, 
only a small number of patients have the opportunity 
to undergo surgery again, and often the recurrence is 
accompanied by a large number of tumours, multilobar 

distribution, vascular invasion, extrahepatic metasta-
ses, thus seriously affecting the prognosis of patients 
with recurrent liver cancer. The most commonly used 
treatment option for recurrent hepatocellular car-
cinoma is TACE, which can be used for multiple 
recurrent lesions in the early stage liver that are not 
amenable to radical surgery or ablative therapy [16, 
17]. Patients with recurrence after initial hepatectomy 
treated with TACE had overall survival rates of 72.9%, 
51.8% and 31.8% at 1, 2 and 3  years, with the number 
of tumours ≥ 2 in the initial hepatectomy, the number 
of recurrent tumours ≥ 2 and the diameter > 5 cm, and 
the number of TACEs being the main factors affecting 
survival rates [18]. With the advent of the era of com-
bination therapies, TACE in combination with systemic 
therapy has also been applied in patients with unresect-
able recurrent HCC, and has achieved some efficacy 
[19–21]. A multicentre retrospective study showed that 
the progression-free survival (PFS) of TACE combined 
with lenvatinib and programmed cell death protein- 1 
(PD- 1) inhibitors was 24.1 months, 17.3 months, and 
13.7 months compared to TACE combined with len-
vatinib and TACE alone, and that the triple combina-
tion of TACE showed a better objective remission rate 
and disease control rate [22].

In recent years, hepatic arterial infusion chemother-
apy (HAIC) has been widely used in intermediate and 
advanced hepatocellular carcinoma, and some studies 
have shown that it is not inferior to TACE in patients 
with large vessel invasion [23, 24]. Meanwhile, with the 
research of more targeted and immune drugs for liver 
cancer, systemic therapy shows an increasingly impor-
tant role in the treatment of middle and advanced liver 
cancer. HAIC-based combination of tyrosine kinase 
inhibitors (TKIS) and PD- 1 inhibitors has achieved 
better efficacy in advanced unresectable hepatocellular 
carcinoma, which has received more and more atten-
tion from researchers [25–27]. Based on our previous 
studies of advanced unresectable HCC, HAIC com-
bined with targeted immunotherapy has achieved bet-
ter clinical outcomes [28]. In a phase II clinical trial, 
HAIC in combination with lenvatinib and trenboli-
zumab demonstrated favourable antitumour effects 
and safety in patients with high risk factors such as vas-
cular invasion or extrahepatic metastases [29]. There 
is no previous report on the application of HAIC in 
recurrent hepatocellular carcinoma. we try to apply 
HAIC combination therapy in recurrent unresectable 
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hepatocellular carcinoma, hoping to achieve good effi-
cacy therapy, prolonging survival and improving quality 
of life, and becoming a new treatment option.

Therefore, this study intends to explore the safety and 
efficacy of HAIC combined with TKIs and PD- 1 inhibi-
tors compared to TACE combined with TKIs and PD- 1 
inhibitors and TACE alone in the treatment of patients 
with recurrent unresectable HCC.

Materials and methods
Patients
This retrospective study enrolled patients diagnosed with 
HCC who experienced recurrence and had unresectable 
HCC following radical liver resection at the First Affili-
ated Hospital of Nanchang University, Nanchang, China, 
from May 2018 to May 2023. A total of 83 patients who 
received one of the following treatment regimens were 
included in the study: HAIC combined with TKIs and 
PD- 1 inhibitors (HTP), TACE combined with TKIs and 
PD- 1 inhibitors (TTP) or TACE alone regimen. Inclu-
sion criteria encompassed: (1) Age > 18 years; (2) Child–
Pugh A or B; (3) Eastern Cooperative Oncology Group 
Physical Performance Scale (ECOG PS) scores of 0 or 1; 
(4) Recurrence of hepatocellular carcinoma after radical 
hepatectomy with pathological confirmation of hepato-
cellular carcinoma; (5)Not receiving any HCC-related 
treatment (including but not limited to local therapy, 
molecular targeted therapy, immune checkpoint inhibi-
tor therapy, etc.); (6) have imaging results to evaluate the 
tumour. Exclusion criteria consisted of: (1) Presence of 
other types of tumors; (2) Patients with hepatic encepha-
lopathy or esophageal and gastric varices bleeding; (3) 
Patients who underwent re-hepatectomy after recur-
rence; (4) Patients with a history of immunodeficiency 
disease activity or disease history; (5) Patients lost to 
follow-up.

Through multidisciplinary team (MDT) discussions, 
personalized treatment plans were formulated for hepa-
tocellular carcinoma patients. The interventional strategy 
was selected based on the patient’s tumor burden, liver 
function status, and overall condition, with dynamic 
adjustment of treatment frequency and regimens.

HAIC procedure
HAIC was administered by femoral artery puncture 
using the Seldinger technique under local anesthesia. 
Digital subtraction angiography was performed to delin-
eate the blood supply to the tumor. Subsequently, a 2.7 
F microcatheter was positioned for continuous infusion 
of the chemotherapeutic agent into the tumor-feeding 
artery. Chemotherapeutic agents included the FOL-
FOX regimen (HAIC combined with oxaliplatin (OXA), 
5-fluorouracil (5-FU), and leucovorin) and the RALOX 

regimen (HAIC combined with OXA + raltitrexed). The 
microcatheter was connected externally to an arterial 
infusion pump, and medication was administered in the 
ward over a 2-day period. Specific drug dosages were 
adjusted based on the patient’s Child–Pugh classification 
and tolerance levels.

TACE procedure
Under local anesthesia, the femoral artery was punctured 
using the Seldinger technique. and a 2.7-F microcatheter 
was inserted into tumor-feeding artery of the liver by 
super-selective catheterization. Initially, iodine oil (2–20 
mL), epirubicin (20–60 mg), and lopressor (50 mg) were 
injected into the target vessel under Digital Subtrac-
tion Angiography (DSA) fluoroscopic guidance. Subse-
quently, gelatin sponge particles were introduced into the 
tumor blood supply artery. Embolization was carried out 
under DSA fluoroscopic guidance until arterial flow was 
occluded. Finally, hepatic artery angiography was per-
formed to verify successful embolization.

TKIs and PD‑ 1 inhibitors
Based on drug availability and the patient’s financial 
circumstances, TKIs such as sorafenib, lenvatinib, and 
donafenib, and PD- 1 inhibitors like sintilimab, camre-
lizumab, and tislelizumab were utilized. Drug admin-
istration followed established guidelines, with dose 
adjustments or discontinuations made based on patient 
baseline conditions, and PD- 1 inhibitor immunotherapy 
was administered every 3 weeks.

Follow‑up, outcome, and safety assessments
Patients were monitored from the initiation of post-
relapse treatment until December 2023. Baseline data 
were collected upon admission and included gender, age, 
ECOG PS score, presence of hepatitis-B virus infection, 
cirrhosis status, Child–Pugh classification, AFP levels, 
tumor size, number of tumors, vascular invasion, extra-
hepatic metastasis, time of recurrence, and initial surgi-
cal clinicopathological information. In the H-T-P group, 
patients underwent 1–5 consecutive HAIC sessions at 
3-week intervals. During each session, blood routine, 
liver function, AFP, and coagulation function were moni-
tored. Abdominal enhanced computed tomography (CT), 
magnetic resonance imaging (MRI), and lung CT was 
performed to assess tumor response. Similarly, patients 
in the TTP and TACE alone groups received basic condi-
tion and tumor assessments after TACE treatment. Sub-
sequent imaging and blood tests were conducted every 
4–6 weeks following treatment initiation for all groups 
until disease progression or death. Treatment efficacy was 
evaluated using progression-free survival (PFS), disease 
control rate (DCR), and objective response rate (ORR). 
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Tumor response was assessed using the Response Evalu-
ation Criteria in Solid Tumors version 1.1 (RECIST v1.1) 
and modified RECIST (m-RECIST) based on abdominal 
CT, MRI, and lung CT. PFS was defined as the duration 
from the start of treatment after recurrence until tumor 
progression, death, or last follow-up. DCR represented 
the percentage of patients achieving complete remis-
sion (CR), partial remission (PR), or stable disease (SD). 
ORR indicated the percentage of patients achieving CR 
and PR. Safety assessments included the identification 
of treatment-related adverse events (AEs) based on the 
National Cancer Institute Common Terminology Criteria 
for Adverse Events (version 5.0).

Statistical analysis
Data were analyzed using SPSS 26.0 and R 4.2.1. Cat-
egorical variables were presented as n (%), continu-
ous variables that conform to normal distribution are 
expressed as mean (standard deviation) and continu-
ous variables with skewed distributions are expressed as 
median (interquartile range). Categorical variables were 
assessed using the χ2 test or Fisher’s exact test, while con-
tinuous variables were evaluated using t-tests and non-
parametric tests. Kaplan–Meier analysis and the log-rank 
test were employed to assess PFS. The Cox proportional 
hazards model was used for multivariate analysis, and 
included variables were tested for proportional hazards 
assumptions. Variables with p < 0.1 in univariate analy-
sis were further included in multivariate analysis, with a 

significance level set at p < 0.05 for determining statisti-
cally significant differences.

Results
Patient characteristics
Figure 1 illustrates the flow of patients in this study. Ini-
tially, 106 patients with recurrent HCC after primary 
hepatectomy between May 2018 and May 2023 were con-
sidered. After initial screening, 19 patients were excluded 
for various reasons: 2 with other types of tumors, 3 with 
hepatic encephalopathy or concurrent esophagogastric 
variceal bleeding, 4 with a history of immunodeficiency 
disease activity or disease history, and 10 who underwent 
hepatectomy again after recurrence. During ongoing 
follow-up, 4 additional patients were lost to follow-up. 
Ultimately, the study included 83 patients for further 
analysis, comprising 29 in the HTP group, 20 in the TTP 
group, and 34 in the TACE alone group.

Table  1 summarizes the baseline data of the patients. 
Among the included patients, the vast majority were 
male patients (75/83, 90.36%), with a mean age of 
55.70(10.736), and 84.3% had hepatitis B. Notably, there 
was a significant difference in the number of patients with 
number of intrahepatic tumours > 3, presence of extra-
hepatic metastases, time to recurrence ≥ 2 years, and 
pathology with satellite nodules (p = 0.0071, p = 0.0161, 
p = 0.0140, p = 0.0398). the HTP group had more patients 
with more than 3 tumors, extrahepatic metastases, recur-
rence time ≥ 2 years and satellite nodules at recurrence 

Fig. 1 Flowchart
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Table 1 Patient and clinicopathologic characteristics

Characteristic HTP group
(n = 29)

TTP group
(n = 20)

TACE alone group
(n = 34)

p‑value

Sex 0.6261

 Male 27 (93.10) 17 (85.00) 31 (91.18)

 Female 2 (6.90) 3 (15.00) 3 (8.82)

Age (years) 0.7676

 Mean (SD) 54.48 (10.43) 56.05 (11.68) 56.41 (10.69)

Hepatitis B surface antigen 0.8248

 Positive 25 (86.21) 16 (80.00) 29 (85.29)

 Negative 4 (13.79) 4 (20.00) 5 (14.71)

Liver cirrhosis 0.5544

 Yes 19 (65.52) 10 (50.00) 20 (58.82)

 No 10 (34.48) 10 (50.00) 14 (41.18)

AFP (ng/mL) 0.9183

 < 400 23 (79.31) 15 (75.00) 27 (79.41)

 ≥ 400 6 (20.69) 5 (25.00) 7 (20.59)

ALT (U/L) 0.4888

 Median (IQR) 25.60 (33) 28.50 (24) 25.65 (17)

AST (U/L) 0.3848

 Median (IQR) 34.60 (29) 32.60 (19) 27.55(16)

GGT (U/L) 0.1051

 Median (IQR) 112.60 (135.85) 88.74 (89.70) 57.44 (70.00)

ALP (U/L) 0.3106

 Mean (SD) 122.93(98.55) 101.36 (48.62) 95.81 (53.83)

PT (s) 0.0488

 Mean (SD) 11.92 (0.92) 12.01 (1.13) 12.55 (1.17)

Number of intrahepatic lesions (n) 0.0071

 ≤ 3 5 (17.24) 8 (40.00) 19 (55.88)

 > 3 24 (82.76) 12 (60.00) 15 (44.12)

Maximum diameter of intrahepatic tumor (cm) 0.4604

 ≤ 5 24 (82.76) 16 (80.00) 31 (91.18)

 > 5 5 (17.24) 4 (20.00) 3 (8.82)

Vascular invasion 0.4294

 Yes 2 (6.90) 0 (0.00) 1 (2.94)

 No 27 (93.10) 20 (100.00) 33 (97.06)

Extrahepatic metastases 0.0161

 Yes 7 (24.14) 6 (30.00) 1 (2.94)

 No 22 (75.86) 14 (70.00) 33 (97.06)

Time to recurrence after surgery 0.0140

 < 2 20 (68.97) 13 (65.00) 32 (94.12)

 ≥ 2 9 (31.03) 7 (35.00) 2 (5.88)

ALBI grade 0.7215

 1 12 (41.38) 11 (55.00) 19 (55.88)

 2 16 (55.17) 9 (45.00) 14 (41.18)

 3 1 (3.45) 0 (0.00) 1 (2.94)

ECGO PS NA

 0 29 (100.00) 20 (100.00) 34 (100.00)

Child–Pugh 0.5352

 A 27 (93.10) 20 (100.00) 32 (97.06)

 B 2 (6.90) 0 (0.00) 1 (2.94)

Pre-operative AFP (ng/mL) 0.7429
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compared to the TACE alone group. The rest had no 
statistically significant difference at baseline. As shown 
in Table  2, HAIC treatment regimens included FOL-
FOX and RALOX, while TKIs consisted of lenvatinib, 
donafenib, and sorafenib. PD- 1 inhibitors administered 
were camrelizumab, sintilimab, and tislelizumab. In the 
HTP group, the treatment regimens involving TKIs and 
PD- 1 inhibitors included the following combinations: 
Lenvatinib + camrelizumab (n = 13), lenvatinib + stintili-
mab (n = 5), lenvatinib + tislelizumab (n = 3), sorafenib 
+ camrelizumab (n = 5), donafenib + camrelizumab (n = 
3). In the TTP group, the treatment regimens involving 
TKIs and PD- 1 inhibitors included the following combi-
nations: Lenvatinib + camrelizumab (n = 13), Lenvatinib 
+ stintilimab (n = 1), Lenvatinib + tislelizumab (n = 1), 
sorafenib + camrelizumab (n = 2), donafenib + camre-
lizumab (n = 3). The median cycles treatment of HAIC 
and TACE were 2 and1.

Outcomes
The median follow-up times in the HTP, TTP, and 
TACE alone groups were 19.0, 24.1, and 21.7 months, 
respectively. Median PFS was significantly longer in 
the HTP group (13.7 months) and the TTP group 
(9.2 months) compared to the TACE alone group (2.5 
months) (p = 0.001, p = 0.002; Fig.  2). The HTP and 
TTP groups significantly prolonged PFS compared with 
the TACE group alone, and there was no significant dif-
ference in progression-free survival between the HTP 
and TTP groups(p = 0.96). The median OS was 15.5 

ECOG PS Eastern Cooperative Oncology Group performance status, AFP alpha-fetoprotein, ALBI albumin-bilirubin; Calculated using the following equation: linear 
predictor = (log10 bilirubin mmol/L × 0.66) + (albumin g/L × − 0.085). The continuous linear predictor was further categorized into three different grades for 
prognostic stratification purposes: grade 1 (less than − 2.60), grade 2 (between − 2.60 and − 1.39) and grade 3 (above − 1.39), ALT alanine aminotransferase, AST 
aspartate aminotransferase, GGT  γ-glutamyl transpeptidase, ALP Alkaline phosphatase, PT prothrombin time, TACE transarterial chemoembolization, HTP hepatic 
arterial infusion chemotherapy combined with tyrosine kinase inhibitors and programmed cell death protein- 1 inhibitors, TTP transarterial chemoembolization 
combined with tyrosine kinase inhibitors and programmed cell death protein- 1 inhibitors

Table 1 (continued)

Characteristic HTP group
(n = 29)

TTP group
(n = 20)

TACE alone group
(n = 34)

p‑value

 < 400 18 (62.07) 14 (70.00) 24 (70.59)

 ≥ 400 11 (37.93) 6 (30.00) 10 (29.41)

Microvascular invasion 0.9676

 M0 15 (51.72) 9 (45.00) 16 (47.06)

 M1 9 (31.03) 7 (35.00) 10 (29.41)

 M2 5 (17.24) 4 (20.00) 8 (23.53)

Tumor differentiation 0.6757

 Low 6 (20.69) 3 (15.00) 9 (26.47)

 Middle 22 (75.86) 15 (75.00) 24 (70.59)

 High 1 (3.45) 2 (10.00) 1 (2.94)

Satellite nodule 0.0398

 Yes 8 (27.59) 0 (0.00) 6 (17.65)

 No 21 (72.41) 20 (100.00) 28 (82.35)

Table 2 Regimens of therapy

HAIC hepatic arterial infusion chemotherapy, FOLFOX HAIC with oxaliplatin, 
5-fluorouracil, and leucovorin, RALOX HAIC with raltitrexed plus oxaliplatin, 
HTP hepatic arterial infusion chemotherapy combined with tyrosine kinase 
inhibitors and programmed cell death protein- 1 inhibitors, TTP transarterial 
chemoembolization combined with tyrosine kinase inhibitors and programmed 
cell death protein- 1 inhibitors, TACE transarterial chemoembolization

Treatment No. (%)

HAIC regimen

FOLFOX 20 (69)

RALOX 9 (31)

HTP group

Lenvatinib + Camrelizumab 13(44.8)

Lenvatinib + stintilimab 5(17.2)

Lenvatinib + tislelizumab 3(10.3)

sorafenib + camrelizumab 5(17.2)

donafenib + camrelizumab 3(10.3)

TTP group

Lenvatinib + Camrelizumab 13(65.0)

Lenvatinib + stintilimab 1(5.0)

Lenvatinib + tislelizumab 1(5.0)

sorafenib + camrelizumab 2(10.0)

donafenib + camrelizumab 3(15.0)

HAIC treatment cycle

Median (range) 2(1–6)

TACE treatment cycle

Median (range) 1(1–3)
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months in the TACE group, and the median OS was 
achieved in both the HTP and TTP groups, which due 
to the relatively short follow-up duration (Fig S1).

The best response outcomes were evaluated accord-
ing to RECIST1.1 and m-RECIST criteria (Table  S1). 
According to m-RECIST, in the HTP, TTP, and TACE 
alone groups, the DCR was 89.7%, 75.0%, and 50.0% 
(p = 0.002), the ORR was 44.8%, 35%, and 14.7% (p = 
0.037), and the CR was 17.2%, 0, and 0 (p = 0.005). 
Both the HTP and TTP groups showed significantly 
better DCR and ORR compared to the TACE alone 
group. Furthermore, the CR rate in the HTP group was 
superior to that in the TTP group and the TACE alone 
group.

Remarkably, five patients in the HTP group achieved 
CR, including one patient with multiple intrahepatic 
lesions, abdominal metastases, and lung metastases. 
Nine months after hepatectomy, this patient experienced 
recurrence and subsequently received HAIC in combina-
tion with sorafenib and camrelizumab. Remarkably, dur-
ing the treatment course, all intrahepatic and abdominal 
metastases completely disappeared, and lung lesions 
exhibited complete necrosis. During the subsequent 
follow-up, no progression of intrahepatic and metastatic 

lesions was observed, resulting in a PFS of 35.7 months 
(Fig. 3).

Analysis of factors affecting PFS
We conducted an analysis to identify potential factors 
that could impact the PFS of patients with unresect-
able recurrent HCC. Initially, we performed univariate 
analysis using the clinicopathological data of the patients 
(Table 3). Subsequently, variables with p-values less than 
0.1 in the univariate analysis were included in the mul-
tivariate analysis. The results showed that in HTP vs 
TACE, AFP ≥ 400 ng/ml [hazard ratio (HR) 2.55, 95% 
confidence interval (CI) 1.19–5.47, p = 0.016], PT (HR 
1.33, 95% CI 1.02–1.75, p = 0.036), microvascular inva-
sion (HR 1.60, 95% CI 1.05–2.43, p = 0.027), HTP regi-
men (HR 0.29, 95% CI 0.15–0.55, p < 0.001). In TTP vs 
TACE, AFP ≥ 400 ng/ml (HR 4.18, 95% CI 1.71–10.18, 
p = 0.002), PT (HR 1.30, 95% CI 1.03–1.65, p = 0.029), 
microvascular invasion (HR 1.56, 95% CI 1.06–2.28, p = 
0.024), and TTP regimen (HR of 0.27, 95% CI 0.13–0.56, 
p < 0.001). Thus, this suggests that AFP ≥ 400 ng/ml, PT 
and microvascular invasion are independent risk factors 
for PFS and HTP with TTP regimen is an independent 
protective factor for PFS (Table 4).

Fig. 2 Kaplan–Meier curves of cumulative PFS in recurrent HCC patients; A, HAIC combined with TKIs and PD- 1 inhibitors versus TACE alone; B, 
TACE combined with TKIs and PD- 1 inhibitors versus TACE alone; C, HAIC combined with TKIs and PD- 1 inhibitors versus TACE combined with TKIs 
and PD- 1 inhibitors
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Treatment‑related AEs
Table  S2 summarizes the most common treatment-
related adverse reactions observed in each treatment 
group. In the HTP group, the most prevalent adverse 
reactions included abdominal pain, elevated AST and 
ALT levels, and leukopenia. The TTP group exhibited 
increased AST and ALT levels, abdominal pain, and 
decreased platelet counts as the most common adverse 
reactions. In the TACE alone group, the primary adverse 
reactions were abdominal pain, vomiting, and elevated 
AST and ALT levels. Notably, the HTP group had a 
higher proportion of patients experiencing leukope-
nia. Grade 3/4 adverse reactions were observed in only 
a small subset of patients in all three groups, and there 
were no statistically significant differences among them. 
Importantly, no deaths related to adverse reactions 
occurred in any of the three treatment groups.

Discussion
The recurrence of HCC following surgery poses a signifi-
cant challenge to long-term patient survival. While some 
HCC patients with intrahepatic recurrence may undergo 
radical surgery, thereby extending their survival, those 
with recurrent HCC involving multiple intrahepatic 

lesions, vascular invasion, or extrahepatic metastases lose 
the opportunity for surgery and face a poorer prognosis 
[14, 30, 31]. Many studies have shown that the risk fac-
tors for early recurrence after radical resection of HCC 
are microvascular invasion, narrow margins (< 1.0 cm), 
multiple tumors, satellite nodules, tumor diameter > 5 
cm, and poorly differentiated tumor [32, 33]. In a study 
by Xu et al. comparing the efficacy of different adjuvant 
treatment regimens in patients at high risk of recur-
rence after radical resection of hepatocellular carcinoma, 

Fig. 3 MRI and CT of the abdomen of the patient. A–C, J, M, 
before receiving HAIC triple treatment. D–F, K, N, after receiving 
HAIC triple therapy. G–I, L, O, Latest review results. The arrow points 
to the change in recurrent lesions

Table 3 Univariate Analysis Associated with Progression-free 
Survival

AFP alpha-fetoprotein, ALT alanine aminotransferase, AST aspartate 
aminotransferase, GGT  γ-glutamyl transpeptidase, ALP Alkaline phosphatase, 
PT prothrombin time, ECOG PS Eastern Cooperative Oncology Group 
performance status, ALBI albumin-bilirubin, Calculated using the following 
equation: linear predictor = (log10 bilirubin mmol/L × 0.66) + (albumin g/L 
× − 0.085). The continuous linear predictor was further categorized into 
three different grades for prognostic stratification purposes: grade 1 (less 
than − 2.60), grade 2 (between − 2.60 and − 1.39), and grade 3 (above − 1.39), 
HTP hepatic arterial infusion chemotherapy combined with tyrosine kinase 
inhibitors and programmed cell death protein- 1 inhibitors, TTP transarterial 
chemoembolization combined with tyrosine kinase inhibitors and programmed 
cell death protein- 1 inhibitors, TACE transarterial chemoembolization, HR hazard 
ratio, CI indicates confidence interval

Variables Univariate Analysis

HR (95% CI) p‑value

Male 1.32(0.53–3.28) 0.556

Age 0.99(0.97–1.01) 0.328

Hepatitis B surface antigen Positive 0.88(0.44–1.78) 0.724

Liver cirrhosis 0.94(0.58–1.52) 0.803

AFP ≥ 400 ng/mL 2.60(1.47–4.61) 0.001

ALT 0.92(0.53–1.59) 0.754

AST 0.94(0.55–1.60) 0.818

GGT 0.75(0.47–1.20) 0.230

ALP 1.07(0.59–1.97) 0.817

PT 1.25(1.02–1.54) 0.036

Number of intrahepatic lesions > 3 1.03(0.63–1.67) 0.911

Maximum diameter of intrahepatic 
tumor > 5 cm

1.03(0.52–2.03) 0.928

Vascular invasion 1.97(0.47–8.15) 0.352

Extrahepatic metastases 0.56(0.28–1.14) 0.110

Time to recurrence after surgery ≥ 2 0.48(0.25–0.89) 0.021

ALBI grade (1/2/3) 1.20(0.78–1.84) 0.411

ECGO PS (0) - -

Child–Pugh (A/B) 1.21(0.38–3.86) 0.748

Pre-operative AFP ≥ 400 ng/mL 0.77(0.46–1.29) 0.321

Microvascular invasion(M0/M1/M2) 1.29(0.97–1.72) 0.080

Tumor differentiation (L/M/H) 0.65(0.39–1.11) 0.113

Satellite nodule 2.00(1.07–3.73) 0.029

HTP vs TTP 0.79(0.40–1.58) 0.510

HTP vs TACE 0.34(0.19–0.60) 0.001

TTP vs TACE 0.40(0.21–0.73) 0.003
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postoperative adjuvant transhepatic arterial chemoembo-
lisation, postoperative adjuvant hepatic arterial infusion 
of chemotherapy, postoperative adjuvant radiotherapy, 
and postoperative adjuvant molecularly-targeted thera-
pies were all effective in reducing the rate of postopera-
tive recurrence and significantly improving survival and 
disease free survival [34]. Atezolizumab in combination 
with bevacizumab improves recurrence-free survival in 
patients with high-risk recurrent HCC in the IMbrave050 
study [35].

The treatment of recurrent HCC is also in the explora-
tory stage. A propensity-matched study indicated that 
5-year OS was 41.6% and 30.2% (p = 0.028), and 5-year 
PFS was 21.3% and 15.8%, respectively, for recurrent 
intermediate-stage hepatocellular carcinoma treated 
with TACE alone or combined with ablation (p = 0.024) 
[36]. Another study of sorafenib alone versus a combina-
tion of TACE and radiofrequency ablation for advanced 
recurrent hepatocellular carcinoma showed a median 
OS of 14 months vs 9 months and a median progression-
free time of 7.0 months vs 4.0 months after both treat-
ments [37]. Meanwhile, a study of TACE in combination 
with lenvatinib and PD- 1 inhibitor for the treatment 
of recurrent unresectable HCC demonstrated superior 
efficacy of TACE in combination with systemic therapy 
compared with TACE alone [22]. Therefore, the combi-
nation of local and systemic therapy has shown promis-
ing results in the treatment of recurrent HCC. HAIC, 
as an emerging technology, has significant efficacy in 
advanced hepatocellular carcinoma, and whether it can 
further improve the prognosis of patients with recurrent 
HCC is not yet reported in the literature [38–40]. In this 
study, HAIC combined with TKIs and PD- 1 inhibitors 
was applied to treat patients with recurrent unresectable 
HCC. The HAIC triplet regimen in this study demon-
strated similar efficacy to the TACE triplet regimen, and 
significantly improved PFS, DCR, and ORR compared 

with TACE treatment alone. During our follow-up, only 
the HTP group had five CR patients, and there were no 
CR patients in both the TTP and TACE-only groups, 
reflecting the good tumor control effect of the HTP regi-
men. We observed that a higher proportion of patients in 
both the HTP and TTP groups exhibited high-risk fac-
tors, including number of intrahepatic tumors > 3, extra-
hepatic metastases, time to recurrence ≥ 2 years, and 
satellite nodules. Notably, these patients underwent triple 
therapy, which significantly prolonged the time to recur-
rence or progression and improved long-term survival. 
These results further underscore the advantages of the 
triple therapy regimen in patients with recurrent unre-
sectable HCC.

HAIC is a method of continuous perfusion of chemo-
therapeutic drugs into the tumor blood supply arter-
ies for anti-tumor effects, circumventing the first-pass 
effect of the liver, enhancing local drug concentration 
and reducing the systemic toxicity of chemotherapeutic 
drugs [41]. First, cytotoxic chemotherapeutic agents can 
have an anti-tumor effect by inducing apoptosis, which 
enhances the sensitivity of cytotoxic T cells [42, 43]. 
Decreasing immunosuppression in the tumor microen-
vironment (TME) through a process known as immu-
nogenic cell death (ICD) of tumor cells [44, 45]. Second, 
the anti-angiogenic effects of vascular endothelial growth 
factor (VEGF) can synergize with the anti-tumor effects 
of immune checkpoint inhibitors such as PD- 1 by modu-
lating immune suppression and regulating the TME [46, 
47].

In our study, AFP ≥ 400 ng/ml at relapse, PT and 
microvascular invasion were independent risk factors 
affecting PFS.AFP and microvascular invasion have 
been suggested to be strongly associated with survival 
in relapsed patients in many studies, which is consist-
ent with the results of the present study [22, 48, 49]. 
The results suggest that we should take into account the 

Table 4 Multivariate Analysis Associated with Progression-free Survival

AFP alpha-fetoprotein, PT prothrombin time, HTP hepatic arterial infusion chemotherapy combined with tyrosine kinase inhibitors and programmed cell death 
protein- 1 inhibitors, TTP transarterial chemoembolization combined with tyrosine kinase inhibitors and programmed cell death protein- 1 inhibitors, TACE 
transarterial chemoembolization, HR hazard ratio, CI indicates confidence interval

Variables  Multivariate Analysis Multivariate Analysis

HR (95% CI) p‑value HR (95% CI) p‑value

AFP ≥ 400 ng/mL 2.55(1.19–5.47) 0.016 4.18(1.71–10.18) 0.002

PT 1.33(1.02–1.75) 0.036 1.30(1.03–1.65) 0.029

Time to recurrence after surgery ≥ 2 0.81(0.33–2.00) 0.644 0.99(0.43–2.27) 0.984

Tumor differentiation (L/M/H) 1.60(1.05–2.43) 0.027 1.56(1.06–2.28) 0.024

Satellite nodule 1.09(0.52–2.32) 0.813 0.47(0.16–1.37) 0.166

HTP vs TACE 0.29(0.15–0.55)  < 0.001 - -

TTP vs TACE - - 0.27(0.13–0.56)  < 0.001
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patient’s AFP level as well as PT in the course of relapse 
treatment, and also note the presence of microvascu-
lar invasion, which may have an impact on the patient’s 
outcome.

The safety and toxicity of the treatment is a key issue 
that should not be ignored in either the triplet therapy 
group or the TACE alone group. Hepatic impairment, 
abdominal pain, and vomiting were the more common 
adverse effects in all three groups, and leukopenia alone 
occurred in a greater proportion of patients in the HTP 
group than in the other two groups, but did not cause 
more grade 3/4 adverse effects. There were no deaths due 
to side effects in any of the three groups. This suggests 
that the triplet therapy group has controllable toxicities 
compared with the TACE group alone, but the use of TKI 
drugs as well as PD- 1 inhibitors may lead to a certain 
degree of bone marrow suppression as well as a certain 
burden on liver function. Changes in blood routine and 
liver function should be closely monitored during treat-
ment, and drug dosage should be dynamically adjusted.

This retrospective, single-center study has several limi-
tations: (1) The HTP and TTP regimens did not exhibit a 
significant difference in median PFS, possibly due to the 
relatively small number of cases and a shorter follow-up 
period. Further research with extended follow-up and a 
larger sample size is warranted. (2) The study included 
patients from a single center, potentially introducing con-
founding biases. (3) The follow-up period was relatively 
short, and a comparison of differences in overall survival 
(OS) could not be made. Therefore, future studies should 
aim to expand the sample size and conduct multicenter 
randomized controlled trials to validate the efficacy of 
the treatment approach presented in this study.

Conclusion
In conclusion, both the HTP and TTP regimens demon-
strated superior DCR, ORR, and longer PFS compared 
to TACE alone in the treatment of recurrent unresect-
able HCC. Notably, the HTP regimen achieved a higher 
CR rate compared to the TTP regimen, and there was 
no observed increase in severe toxicities with the triple 
regimen compared to TACE alone. Additionally, an AFP 
≥ 400 ng/ml at recurrence, PT and microvascular inva-
sion at recurrence was identified as an independent risk 
factor for reduced PFS. This study introduces new treat-
ment options for recurrent unresectable HCC.
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