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Purpose: The prognosis of patients with huge hepatocellular carcinoma (huge HCC, diameter ≥10 cm) is poor owing to the high early 
recurrence rate. This study aimed to explore the clinical value of postoperative adjuvant transarterial chemoembolization (PA-TACE) 
plus programmed cell death-1 (PD-1) inhibitors for huge HCC.
Patients and Methods: Data from consecutive huge HCC patients treated with hepatectomy during June 2017 and July 2022 were 
retrospectively collected. Baseline differences were balanced between huge HCC patients who underwent PA-TACE with (AIT group) 
or without PD-1 inhibitors (AT group) by propensity-score matching (PSM). We compared recurrence-free survival (RFS), overall 
survival (OS) and recurrence patterns between the two groups. Independent risk factors for RFS and OS were confirmed by Cox 
regression analysis, and subgroup analysis was also conducted.
Results: A total of 294 patients were enrolled, and 77 pairs of patients in the AIT and AT groups were matched by PSM. The 1-year 
and 2-year RFS were 49.9% and 35.7% in the AIT group compared to 24.7% and 15.5% in the AT group respectively (p<0.001). The 
1-year and 2-year OS were 83.6% and 66.9% in the AIT group compared to 50.6% and 36.8% in the AT group respectively (p<0.001). 
There were no significant differences in recurrence patterns between the two groups. Multivariable analysis demonstrated that 
combined therapy of PA-TACE plus PD-1 inhibitors was a protective factor related to both RFS and OS.
Conclusion: PA-TACE plus PD-1 inhibitors could improve survival outcomes for huge HCC patients.
Keywords: hepatocellular carcinoma, postoperative adjuvant therapy, programmed cell death-1 inhibitors, transarterial 
chemoembolization, early recurrence

Introduction
Hepatocellular carcinoma (HCC) is the most common type of liver cancer, accounting for 75–86% of cases.1 Many HCC 
patients were diagnosed with huge sizes (exceeding 10 cm in diameter) owing to insidious symptoms and lacking of 
well-organized screening programs.2,3 Although hepatectomy demonstrated quite high feasibility and cost-effectiveness 
and was the only curative treatment for huge HCC, the oncological outcomes were still poor for early recurrence 
following surgery.4,5 The recurrence rates remained as high as 32.1–54% at 1 year and 57–70% at 3 years.2,3,6,7

Therefore, postoperative adjuvant treatment is necessary to reduce early recurrence rate and improve oncological 
prognosis for patients with huge HCC. Postoperative adjuvant treatment includes locoregional treatments such as transarterial 
chemoembolization (TACE), hepatic artery infusion chemotherapy, radiotherapy, and systemic therapy such as antiviral 
treatment, tyrosine kinase inhibitors (TKIs), and immune checkpoint inhibitors (ICIs).8–12 Up to date, postoperative adjuvant 
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TACE (PA-TACE) has demonstrated its importance in reducing recurrence rate, improving recurrence-free survival (RFS) and 
overall survival (OS) for HCC patients with high recurrence risks, including huge HCC.8,13,14 Therefore, PA-TACE was 
recommended in guidelines of China. However, the effect of PA-TACE is still unsatisfactory. TACE, as a kind of locoregional 
treatment, can be used in combination with systemic therapy to further improve oncological prognosis of HCC. ICIs are being 
explored as postoperative adjuvant treatment for HCC in several Phase III clinical trials, such as EMERALD-2, KEYNOTE- 
937, IMbrave 050, CheckMate 9DX. Recently, ICIs were recommended as adjuvant therapy for patients with HCC by the 
latest guidelines of American Association for the Study of Liver Diseases (AASLD) according to the interim results of 
IMbrave 050 which showed that adjuvant atezolizumab plus bevacizumab was associated with significantly improved RFS 
compared with active surveillance (1-year RFS, 78% vs 65%).15,16 However, to the best of our knowledge, there is still no 
study about PA-TACE plus adjuvant immunotherapy for huge HCC.

In this study, two cohorts were established according to different postoperative adjuvant treatments. All included 
patients with huge tumor underwent R0 hepatectomy. The short-term oncological outcomes of the two methods were 
compared, providing a high level of evidence by using propensity-score matching (PSM) to overcome selection bias.

Materials and Methods
Patient Selection
This study was conducted in accordance with the ethical guidelines of the 1975 Declaration of Helsinki and was 
approved by the institutional ethics committee of Tongji Hospital, Tongji Medical College, Huazhong University of 
Science and Technology (TJ-IRB20221125). Consecutive patients who were diagnosed with huge HCC and underwent 
hepatectomy with curative intent from June 2017 to July 2022 at our center were retrospectively analyzed.

The inclusion criteria were as follows: 1) pathologically diagnosed as HCC; 2) tumor diameter ≥10 cm; 3) R0 
resection; 4) receipt of PA-TACE with or without ICIs; 5) Child-Pugh class A or B7; 6) absence of extrahepatic 
metastasis in preoperative radiological imaging; 8) no history of other malignant diseases; 9) good cardiopulmonary 
function and Eastern Cooperative Oncology Group (ECOG) score <2. The exclusion criteria were as follows: 1) recurrent 
HCC; 2) patients who died within 30 days after surgery; 3) recurrence in the first month after surgery; 4) underwent other 
anti-recurrence treatments before and/or after surgery; 5) incomplete clinical or follow-up data. These patients were 
divided into two cohorts of adjuvant immunotherapy plus TACE (AIT group) or adjuvant TACE (AT group) according to 
treatment. The choice of treatment was based on every patient’s wish after he/she discussed with his/her doctors in detail.

Preoperative Assessment, Hepatectomy
Each patient underwent a comprehensive preoperative assessment including laboratory examinations and medical 
imaging evaluations. In detail, laboratory examinations included full blood cell tests, coagulation tests, liver function 
tests, viral load (hepatitis B virus and/or hepatitis C virus, HBV and/or HCV), serum alpha-fetoprotein (AFP) level, 
thyroid function tests, hypertensive cardiac troponin I tests, myoglobin tests and adrenal gland function tests. Medical 
imaging, including chest computed tomography (CT), abdominal ultrasonography, abdominal enhanced CT, and/or 
abdominal magnetic resonance imaging (MRI), was performed to assess tumor resectability. An indocyanine green 15- 
min retention test was performed on every patient to assess his/her hepatic functional reserve. Three-dimensional 
reconstruction of the liver was routinely performed to evaluate the residual liver volume. A multidisciplinary team 
meeting, which included liver surgeons, gastroenterologists, hepatologists, oncologists, radiologists and pathologists, was 
held every week to discuss a comprehensive treatment scheme for every patient. Hepatectomy would not be performed 
unless these criteria were met simultaneously: 1) indocyanine green 15-min retention rate <15%; 2) sufficient remnant 
liver volume >40% standard liver volume; 3) viral load of HBV DNA and/or HCV RNA <1*10^4 IU/mL.17,18

The surgical procedures of hepatectomy have been reported previously.19 Intraoperative ultrasound was routinely 
performed to identify any potential tumor nodules that were not detected before surgery and to help rule out parenchymal 
transection plane. Pringle’s maneuver and the low central venous pressure technique were performed if necessary. Liver 
parenchymal transection was performed by an ultrasonic scalpel. After surgery, full blood cell counts, coagulation tests, 
liver and renal function tests were routinely performed on the first, third and fifth days.
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Postoperative Treatment Regimen
The AIT group: Patients in the AIT group began to undergo immunotherapy when recovered well from the surgery and alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST) were both less than 80 U/L and total bilirubin was less than 30 
μmol/L. Patients in this group received 200mg programmed cell death-1 (PD-1) inhibitors once every 3 weeks for 9 cycles. 
PD-1 inhibitors include pembrolizumab, tislelizumab, sintilimab and camrelizumab. The specific agents of PD-1 inhibitors 
were determined by the patients’ wishes and consultation with their attending physicians. It would be terminated when disease 
progressed or intolerable toxicity occurred. Patients would undergo PA-TACE 1–1.5 months after surgery.8 A hepatic arterial 
catheter was selectively placed into the proper hepatic artery through the femoral artery by the Seldinger technique, and then 
hepatic angiography was performed. If tumor staining was not found, an emulsion was prepared by mixing oxaliplatin with 
lipiodol at a volume ratio of 1:1. Approximately 5–10 mL of emulsion was slowly injected into the hepatic artery.

The AT group: The patients in this group only underwent PA-TACE 1–1.5 months after surgery. Similarly, the 
indications and procedure have been stated above.

Follow Up
All follow-up was performed in our clinic to obtain unified and unabridged data. For the AIT group, abdominal ultrasound, full 
blood cell counts, coagulation tests, liver function tests, renal tests, serum AFP level, thyroid function tests, hypertensive cardiac 
troponin I tests, myoglobin tests, adrenal gland function tests and electrocardiogram were performed once every 3 weeks before 
injecting PD-1inhitors during the 9 cycles, and once every three months thereafter. Chest CT, abdominal CT and/or MRI and 
bone imaging would be performed if tumor recurrence was suspected. For the AT group, abdominal ultrasound, full blood cell 
counts, coagulation tests, liver function tests, renal tests and serum AFP levels were performed once every month during the first 
six months after surgery and then once every three months. The follow-up continued until two years after surgery or death. 
Patients who suffered from recurrence underwent microwave ablation, repeat hepatectomy, TACE, radiotherapy or systemic 
therapy depending on tumor size, location, number of tumors, liver function, ECOG scores and patient wishes.

Outcomes
The primary endpoints of the study were to clarify oncological outcomes of RFS and OS. Recurrence patterns and 
adverse events (AEs) were considered as the secondary endpoints of the study.

Definition
MVI was defined as the presence of tumor cell nests in vessels of the surrounding hepatic tissue lined by endothelium 
which was visible only on microscopy.20 Satellites were defined as tumor cell nests with similar histological features of 
the primary tumor located around but separated from the main tumor.21 RFS was defined as the period from the date of 
surgery to the date of the first diagnosis of disease recurrence or censored at the last follow-up or death by any cause. OS 
was defined from the date of surgery to the date of death for any reason or the last follow-up. The grades of AEs were 
based on the National Cancer Institute Common Terminology Criteria for Adverse Events, version 5.0.

Statistical and Survival Analysis
Continuous variables were expressed as medians and ranges while categorical variables were expressed as frequency and 
percentage. An independent samples t-test (normal distribution) or Mann‒Whitney U-test (abnormal distribution) was used to 
compare continuous variables as appropriate while the Chi-square test or Fisher’s exact test was used for categorical variables.

We performed PSM to overcome possible selection bias between the AIT group and AT group. All clinicopatholo
gical parameters associated with survival outcomes were included in the propensity score model to draw more reliable 
outcomes. We established a multivariable logistic regression model with the covariates to calculate propensity scores 
from 0 to 1 including age, sex, basic liver disease, HBV load, Child‒Pugh class, AST, ALT, total bilirubin, albumin, 
platelets, neutrophil-to-lymphocyte ratio (NLR), prothrombin time, AFP, tumor size, Barcelona Clinic Liver Cancer 
(BCLC) stage, multiple tumors, satellites, MVI, ruptured tumor, Edmonson-Steiner (E-S) grade III–IV and intrahepatic 
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blood transfusion. A one-to-one match without replacement was performed by nearest neighbor matching. The caliper of 
match was 0.20 in the study.

Survival rates were calculated by the Kaplan‒Meier method and compared between two groups by the Log rank test. Then, we 
used a univariate Cox regression model to explore the potential recurrence and survival factors in matched patients. Only the 
significant variables in the univariate Cox regression model were included in the multivariable Cox regression analysis. Subgroup 
survival analysis was conducted using univariable Cox regression, stratified by different clinical variables (sex, age, etiology, AFP, 
macrovascular invasion, multiple tumors, E-S grade, ruptured tumor, MVI, satellites, blood transfusion), and forest plots were 
drawn with hazard ratio (HR) and 95% confidence interval (CI). A p value <0.05 was defined as statistically significant.

All statistical analyses were conducted with SPSS version. 24.0 (IBM Corp., Armonk, NY, USA), R program (version 
4.3.2, R foundation for Statistical Computing, Vienna, Austria).

Results
Patient Characteristics
From June 2017 to July 2022, 372 patients with huge HCC underwent hepatectomy. As shown in Figure 1, 78 patients 
were excluded and 294 patients who received adjuvant therapy were enrolled in the study, with 83 patients in the AIT 
group and the other 211 patients in the AT group. The significant differences between two groups were that more patients 
with younger age, macrovascular invasion, MVI and satellites existed in the AIT group. After a 1:1 match, 77 pairs of 
patients were matched, and balanced baseline characteristics of the two groups are shown in Table 1.

Recurrence-free Survival and Overall Survival
With the follow-up time of two years, recurrences occurred in 50 patients in the AIT group and 155 patients in the AT 
group, while mortality occurred in 24 patients in the AIT group and 98 patients in the AT group before PSM (Table 2). 
The corresponding 1-year and 2-year RFS were 48.7% and 35.8% in the AIT group compared with 33.9% and 25.1% in 
the AT group respectively (p=0.035; Supplementary Figure 1A). The median RFS was 11.7 months (95% CI: 8.0~19.3 
months) in the AIT group while it was 6.9 months (95% CI: 5.6~8.9 months) in the AT group. The 1-year and 2-year OS 

Figure 1 Flowchart of patients’ enrollment for comparison. 
Abbreviation: PSM, propensity score matching.
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Table 1 Baseline Characteristics of the AIT Group Compared with the at Group Before and After PSM

Parameters Before PSM p value After PSM p value

AIT Group  
(n=83)

AT Group  
(n=211)

AIT Group  
(n=77)

AT Group  
(n=77)

Age (years) 0.038 1.000

≤65 80 (96.4%) 187 (88.6%) 74 (96.1%) 73 (94.8%)

>65 3 (3.6%) 24 (11.4%) 3 (3.9%) 4 (5.2%)

Sex 0.529 1.000

Male 76 (91.6%) 188 (89.1%) 70 (90.9%) 70 (90.9%)

Female 7 (8.4%) 23 (10.9%) 7 (9.1%) 7 (9.1%)

Basic liver disease 0.541 0.677

No 5 (6.0%) 11 (5.2%) 4 (5.2%) 2 (2.6%)

Yes 78 (94.0%) 200 (94.8%) 73 (94.8%) 75 (97.4%)

HBV 77 (92.8%) 191 (90.5%) 72 (93.5%) 72 (93.5%)

Others 1 (1.2%) 9 (4.3%) 1 (1.3%) 3 (3.9%)

HBV load (IU/mL) 0.069 0.331

<1000 21 (29.6%) 78 (41.9%) 19 (28.4%) 26 (37.7%)

≥1000 50 (70.4%) 108 (58.1%) 48 (71.6%) 43 (62.3%)

Child-Pugh class 0.848 0.754

A 78 (94.0%) 197 (93.4%) 72 (93.5%) 71 (92.2%)

B 5 (6.0%) 14 (6.6%) 5 (6.5%) 6 (7.8%)

ALT (U/L) 0.938 0.713

≤40 61 (73.5%) 156 (73.9%) 56 (72.7%) 58 (75.3%)

>40 22 (26.5%) 55 (26.1%) 21 (27.3%) 19 (24.7%)

AST (U/L) 0.892 0.420

≤40 39 (47.0%) 101 (47.9%) 35 (45.5%) 40 (51.9%)

>40 44 (53.0%) 110 (52.1%) 42 (54.5%) 37 (48.1%)

Total bilirubin (μmol/L) 0.249 1.000

≤17.1 64 (77.1%) 175 (82.9%) 61 (79.2%) 61 (79.2%)

>17.1 19 (22.9%) 36 (17.1%) 16 (20.8%) 16 (20.8%)

Albumin (g/L) 0.428 1.000

≥35.0 63 (75.9%) 169 (80.1%) 58 (75.3%) 58 (75.3%)

<35.0 20 (24.1%) 42 (19.9%) 29 (24.7%) 29 (24.7%)

Platelets (*109/L) 0.943 1.000

≥100 80 (96.4%) 203 (96.2%) 74 (96.1%) 74 (96.1%)

<100 3 (3.6%) 8 (3.8%) 3 (3.9%) 3 (3.9%)

NLR 0.413 0.814

≤ 5 72 (86.7%) 190 (90.0%) 67 (87.0%) 66 (85.7%)

>5 11 (13.3%) 21 (10.0%) 10 (13.0%) 11 (14.3%)

PT (s) 0.612 1.000

≤14.5 69 (83.1%) 170 (80.6%) 64 (83.1%) 64 (83.1%)

>14.5 14 (16.9%) 41 (19.4%) 13 (16.9%) 13 (16.9%)

AFP (ng/mL) 0.260 0.870

≤400 37 (44.6%) 79 (37.4%) 33 (42.9%) 32 (41.6%)

>400 46 (55.4%) 132 (62.6%) 44 (57.1%) 45 (58.4%)

Tumor size (cm) 12.0 (10.4–15.0) 11.8 (10.2–14.0) 0.286 12.0 (10.4–15.0) 12.0 (10.8–14.0) 0.628

BCLC stage 0.077 0.424

A 49 (59.0%) 153 (72.5%) 48 (62.3%) 46 (59.7%)

B 13 (15.7%) 24 (11.4%) 13 (16.9%) 9 (11.7%)

C 21 (25.3%) 34 (16.1%) 16 (20.8%) 22 (28.6%)

Macrovascular invasion 0.042 0.253

No 63 (75.9%) 181 (85.8%) 62 (80.5%) 56 (72.7%)

Yes 20 (24.1%) 34 (14.2%) 15 (19.5%) 21 (27.3%)

Multiple tumors 0.349 0.832

No 68 (81.9%) 182 (86.3%) 64 (83.1%) 63 (81.8%)

Yes 15 (18.1%) 29 (13.7%) 13 (16.9%) 14 (18.2%)

(Continued)
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Table 1 (Continued). 

Parameters Before PSM p value After PSM p value

AIT Group  
(n=83)

AT Group  
(n=211)

AIT Group  
(n=77)

AT Group  
(n=77)

Satellites 0.010 0.741

No 49 (59.0%) 157 (74.4%) 48 (62.3%) 46 (59.7%)

Yes 34 (41.0%) 54 (25.6%) 29 (37.7%) 31 (40.3%)

MVI <0.001 1.000

No 25 (30.1%) 113 (53.6%) 25 (32.5%) 25 (32.5%)

Yes 58 (69.9%) 98 (46.4%) 52 (67.5%) 52 (67.5%)

Ruptured tumor 0.598 0.797

No 73 (88.0%) 190 (90.0%) 69 (89.6%) 68 (88.3%)

Yes 10 (12.0%) 21 (10.0%) 8 (10.4%) 9 (11.7%)

E-S grade 0.420 0.427

I+II 19 (22.9%) 58 (27.5%) 18 (23.4%) 14 (18.2%)

III+IV 64 (77.1%) 153 (72.5%) 59 (76.6%) 63 (81.8%)

Intrahepatic blood transfusion 0.118 0.362

No 65 (78.3%) 146 (69.2%) 59 (76.6%) 54 (70.1%)

Yes 18 (21.7%) 65 (30.8%) 18 (23.4%) 23 (29.9%)

Hepatectomy type 0.126 0.321

Minor* 30 (36.1%) 97 (46.0%) 27 (35.1%) 33 (42.9%)

Major 53 (63.9%) 114 (54.0%) 50 (64.9%) 44 (57.1%)

Laparoscopic hepatectomy 0.471 0.400

No 78 (94.0%) 193 (91.5%) 72 (93.5%) 68 (88.3%)

Yes 5 (6.0%) 18 (8.5%) 5 (6.5%) 9 (11.7%)

Operative time (minutes) 275 (243,329) 269 (228,315) 0.279 275 (245,333) 287 (248,329) 0.747

Bleeding volume (mL) 400 (200,800) 400 (200,800) 0.524 450 (200,875) 400 (200,600) 0.518

Notes: Bold text means P < 0.05. Minor hepatectomy defined as ≤ 2 Couinaud segments. 
Abbreviations: PSM, propensity-score matching; HBV, hepatitis B virus; AST, aspartate aminotransferase; ALT, alanine aminotransferase; NLR, neutrophil-to- 
lymphocyte ratio; PT, prothrombin time; AFP, alpha-fetoprotein; BCLC stage, Barcelona Clinic Liver Cancer stage; MVI, microvascular invasion; E-S grade, 
Edmonson-Steiner grade.

Table 2 Recurrence and Survival Data Before and After PSM

Parameters Before PSM p value After PSM p value

AIT Group  
(n=83)

AT Group  
(n=211)

AIT Group  
(n=77)

AT Group  
(n=77)

Recurrence 50 (60.2%) 155 (73.5%) 0.026 46 (59.7%) 65 (84.4%) 0.001
RFS 0.035 <0.001

Median RFS (months) 11.7 (8.0,19.3) 6.9 (5.6,8.9) 11.7 (8.0,19.3) 3.9 (3.3,7.5)

1-year RFS 48.7% 33.9% 49.9% 24.7%

2-year RFS 35.8% 25.1% 35.7% 15.5%
Mortality 24 (28.9%) 98 (46.4%) 0.006 20 (26.0%) 48 (62.3%) <0.001
OS 0.025 <0.001

Median OS (months) NR NR NR 12.6 (8.7,22.5)
1-year OS 83.7% 67.1% 83.6% 50.6%

2-year OS 63.1% 51.8% 66.9% 36.8%

Recurrence type 0.331 0.253
Intrahepatic 33 (66.0%) 86 (55.5%) 30 (65.2%) 33 (50.8%)

Extrahepatic 6 (12.0%) 18 (11.6%) 5 (10.9%) 7 (10.8%)

Intra + extrahepatic 11 (22.0%) 51 (32.9%) 11 (23.9%) 25 (38.5%)

(Continued)
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in the AIT group were superior to those in the AT group (83.7%, 63.1% vs 67.1%, 51.8%, p=0.025, Supplementary 
Figure 1B). The median OS did not reach both in two groups.

After PSM, 46 patients underwent recurrence and 20 patients died in the AIT group, while 65 patients underwent recurrence 
and 48 patients died in the AT group (Table 2). The corresponding 1-year and 2-year RFS were 49.9% and 35.7% in the AIT group 
compared with 24.7% and 15.5% in the AT group respectively (p<0.001; Figure 2A). The median RFS was also 11.7 months (95% 

Table 2 (Continued). 

Parameters Before PSM p value After PSM p value

AIT Group  
(n=83)

AT Group  
(n=211)

AIT Group  
(n=77)

AT Group  
(n=77)

Recurrence in margin 9 (18.0%) 30 (19.4%) 0.832 6 (13.0%) 14 (21.9%) 0.236
Extrahepatic metastasis 17 (34.0%) 69 (44.5%) 0.190 16 (34.8%) 32 (49.2%) 0.130

Lung 12 42 12 21

Lymph node 2 10 2 6
Adrenal 1 4 0 2

Bone 1 1 0 1

Brain 1 2 1 1
Others 3 11 2 7

BCLC stage in recurrence 0.167 0.375

0 1 (2.0%) 14 (9.0%) 1 (2.2%) 5 (7.7%)
A 4 (8.0%) 18 (11.6%) 3 (6.5%) 5 (7.7%)

B 22 (44.0%) 44 (28.4%) 20 (43.5%) 18 (27.7%)

C 21 (42.0%) 75 (48.4%) 20 (43.5%) 75 (53.8%)
D 2 (4.0%) 4 (2.6%) 2 (4.3%) 4 (3.1%)

Recurrence treatment 0.419 0.199

Refuse 6 (12.0%) 26 (16.8%) 5 (10.9%) 13 (20.0%)
Accept 44 (88.0%) 129 (83.2%) 41 (89.1%) 52 (80.0%)

Treatment <0.001 <0.001
Repeat resection 2 (4.5%) 10 (7.8%) 2 (4.9%) 5 (9.6%)
MWA 2 (4.5%) 18 (14.0%) 2 (4.9%) 5 (9.6%)

TACE 4 (9.1%) 61 (47.3%) 4 (9.8%) 30 (57.7%)

Systemic therapy 9 (20.5%) 14 (10.9%) 8 (19.5%) 5 (9.6%)
Combined therapy* 26 (59.1%) 20 (15.5%) 24 (58.5%) 3 (5.8%)

Chemotherapy or radiotherapy 1 (2.3%) 6 (4.7%) 1 (2.4%) 4 (7.7%)

Note: Bold text means P < 0.05. 
Abbreviations: PSM, propensity-score matching; RFS, recurrence free survival; OS, overall survival; BCLC stage, Barcelona Clinic Liver Cancer stage; MWA, 
microwave ablation; TACE, transarterial chemoembolization; *, systemic therapy combined with microwave ablation or transarterial chemoembolization.

Figure 2 Comparison of RFS (A) and OS (B) between the AIT group and AT group after PSM.
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CI: 8.0~19.3 months) in the AIT group while it was 3.9 months (95% CI: 3.3~7.5 months) in the AT group. The 1-year and 2-year 
OS were 83.6% and 66.9% in the AIT group compared with 50.6% and 36.8% in the AT group respectively (p<0.001; Figure 2B). 
The median OS was 12.6 months (95% CI: 8.7~22.5 months) in the AT group while did not reach in the AIT group. There were no 
significant differences between the two groups in terms of recurrence type or recurrence location. Intrahepatic recurrence was the 
most common type. There was also no significant difference in recurrence rates at resection margins and stages of recurrence. 
Most recurrences were in median or advanced stage, especially the advanced stage which accounted for nearly half of the 
recurrences. Forty-one patients underwent treatment for recurrence in the AIT group and 52 patients in the AT group (p=0.199). 
There were significant differences in treatments after recurrence between the two groups as more patients in the AIT group 
received combined therapy of locoregional treatment plus systemic therapy while more patients in the AT group received TACE 
alone (p<0.001).

Safety
Transient AEs during TACE treatment were not recorded. Of the 83 patients in the AIT group, AEs of any grade occurred in 34 
patients (41.0%) and grades 3/4 AEs occurred in 5 patients (6.0%). All patients with grades 3/4 AEs recovered after discontinuing 
immunotherapy and receiving corticosteroids There were no treatment-related deaths. The common AEs included rash or pruritus, 
neutropenia, decreased platelets, hypothyroidism, increased ALT or AST. Detailed AEs are summarized in Table 3.

Univariable and Multivariable Analysis
After PSM, univariable analysis revealed that AFP >400 ng/mL (HR=1.715; 95% CI: 1.167~2.522; p=0.006), macrovascular 
invasion (HR=1.824; 95% CI: 1.202~2.768; p=0.005), multiple tumors (HR=1.863; 95% CI: 1.183~2.934; p=0.007), satellites 
(HR=2.189; 95% CI: 1.499~3.197; p<0.001), and AIT (HR=0.507; 95% CI: 0.347~0.741; p<0.001) were factors significantly 
related to RFS. Multivariable analysis showed that macrovascular invasion (HR=1.703; 95% CI: 1.091~2.656; p=0.019), 
multiple tumors (HR=1.672; 95% CI: 1.009~2.770; p=0.046), satellites (HR=1.719; 95% CI: 1.112~2.657; p=0.015), and AIT 
(HR=0.445; 95% CI: 0.302~0.656; p<0.001) were independent predictors of RFS (Table 4).

Table 3 Adverse Events in Regard to Immunotherapy

Adverse Events# Grades 1/2 Grade 3/4

Total patients 29 (34.9%) 5 (6.0%)

Rash/Pruritus 7 (8.4%) 1 (1.2%)

Fatigue 3 (3.6%) 0 (0.0%)
Diarrhoea 4 (4.8%) 1 (1.2%)

Myalgia/Myositis 1 (1.2%) 0 (0.0%)
Nausea/vomiting 2 (2.4%) 1 (1.2%)

Allergic reaction 2 (2.4%) 0 (0.0%)

Neutropenia 6 (6.5%) 0 (0.0%)
Increased ALT or AST 4 (4.8%) 1 (1.2%)

Increased total bilirubin 0 (0.0%) 1 (1.2%)

Carditis 1 (1.2%) 0 (0.0%)
Albuminuria 1 (1.2%) 0 (0.0%)

Pain 2 (2.4%) 0 (0.0%)

Upper gastrointestinal bleeding 1 (1.2%) 0 (0.0%)
Decreased platelets 6 (6.5%) 0 (0.0%)

Anemia 2 (2.4%) 0 (0.0%)

Edema 3 (3.6%) 0 (0.0%)
Hypothyroidism 5 (6.0%) 1 (1.2%)

Peripheral nerve injury 1 (1.2%) 0 (0.0%)

Hypertension 2 (2.4%) 0 (0.0%)

Note: #Transient adverse events during TACE treatment were not recorded. 
Abbreviations: ALT, alanine aminotransferase; AST, aspartate 
aminotransferase.
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Table 4 Univariate and Multivariate Analysis of RFS and OS for Huge HCC After PSM

Variable RFS OS

Univariate Multivariate Univariate Multivariate

HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P

Age (years, > 65 vs ≤65) 0.978 0.429~2.228 0.957 0.855 0.269~2.723 0.792

Sex (female vs male) 0.936 0.488~1.792 0.841 0.618 0.248~1.537 0.300
Basic liver disease (yes vs no) 2.200 0.698~6.935 0.178 21.697 0.163~2882.372 0.163

HBV load (IU/mL,≥1000 vs <1000) 1.223 0.800~1.869 0.353 1.072 0.629~1.826 0.798

Child-Pugh class (B vs A) 1.375 0.812~2.326 0.236 1.609 0.695~3.725 0.266
ALT (U/L, >40 vs ≤40) 1.326 0.875~2.009 0.183 1.161 0.677~1.990 0.587

AST (U/L, >40 vs ≤40) 1.306 0.899~1.898 0.162 1.070 0.664~1.723 0.782

Total bilirubin (μmol/L, >17.1 vs ≤17.1) 1.041 0.658~1.648 0.864 1.026 0.570~1.847 0.993
NLR (>5 vs ≤5) 1.110 0.644~1.913 0.707 1.782 0.955~3.327 0.070

Albumin (g/L, ≥35.0 vs <35.0) 0.852 0.555~1.308 0.464 0.874 0.499~1.533 0.640

AFP (ng/mL, >400 vs ≤400) 1.715 1.167~2.522 0.006 1.451 0.957~2.200 0.080 2.173 1.290~3.663 0.004 1.704 0.959~3.025 0.069
Tumor diameter (cm) 1.054 0.984~1.128 0.135 1.009 0.922~1.104 0.843

Macrovascular invasion (yes vs no) 1.824 1.202~2.768 0.005 1.703 1.091~2.656 0.019 2.132 1.289~3.527 0.003 1.742 1.038~2.926 0.036
Multiple tumors (yes vs no) 1.863 1.183~2.934 0.007 1.672 1.009~2.770 0.046 1.265 0.691~2.317 0.446
Satellites (yes vs no) 2.189 1.499~3.197 <0.001 1.719 1.112~2.657 0.015 2.230 1.381~3.602 0.001 2.197 1.295~3.726 0.004
MVI (yes vs no) 1.078 0.722~1.609 0.714 1.020 0.613~1.695 0.940

Ruptured tumor (yes vs no) 1.193 0.655~2.173 0.564 2.249 1.178~4.292 0.014 1.938 0.922~4.076 0.081
E-S grade (III+IV vs I+II) 1.580 0.964~2.592 0.070 1.472 0.772~2.807 0.241

Adjuvant treatment (AIT vs AT) 0.507 0.347~0.741 <0.001 0.445 0.302~0.656 <0.001 0.344 0.204~0.581 <0.001 0.319 0.188~0.541 <0.001
Intraoperative blood transfusion (yes or no) 1.411 0.936~2.129 0.101 2.027 1.237~3.321 0.005 2.046 1.194~3.505 0.009

Note: Bold text means P < 0.05. 
Abbreviations: RFS, recurrence free survival; OS, overall survival; HCC, hepatocellular carcinoma; PSM, propensity score match; HBV, hepatitis B virus; AST, aspartate aminotransferase; ALT, alanine aminotransferase; NLR, neutrophil- 
to-lymphocyte ratio; AFP, alpha-fetoprotein; MVI, microvascular invasion; E-S grade, Edmonson-Steiner grade.
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Univariable analysis revealed that AFP >400 ng/mL (HR=2.173; 95% CI: 1.290~3.663; p=0.004), macrovascular 
invasion (HR=2.132; 95% CI: 1.289~3.527; p=0.003), satellites (HR=2.230; 95% CI: 1.381~3.602; p=0.001), ruptured 
tumor (HR=2.249; 95% CI: 1.178~4.292; p=0.014), intraoperative blood transfusion (HR=2.027; 95% CI: 1.237~3.321; 
p=0.005) and AIT (HR=0.344; 95% CI: 0.204~0.581; p<0.001) were factors significantly related to OS. Similarly, 
multivariable analysis showed that macrovascular invasion (HR=1.742; 95% CI: 1.038~2.926; p=0.036), satellites 
(HR=2.197; 95% CI: 1.295~3.726; p=0.004), intraoperative blood transfusion (HR=2.046; 95% CI: 1.194~3.505; 
p=0.009) and AIT (HR=0.319; 95% CI: 0.188~0.541; p<0.001) were independent predictors for OS (Table 4).

Subgroup Analysis
To further explore the potential value of AIT for improving RFS and OS, subgroup analysis was performed. The results 
indicated that AIT could significantly improve RFS in huge HCC patients with HBV infection, AFP >400 ng/mL, 
E-S grade III+IV, regardless of multiple tumors, satellites or vascular invasion (Figure 3A). In addition, AIT significantly 
improved OS in patients with E-S grade III+IV, regardless of AFP >400 ng/mL, multiple tumors, satellites or vascular 
invasion (Figure 3B).

Forest plot of subgroup analysis for RFS
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Figure 3 Continued.
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Discussion
Thanks to the development of surgical technic, hepatectomy has been conducted for many patients with huge HCC 
regardless of challenges and demonstrated as the only curative approach.4,5,22 Unfortunately, the high postoperative 
recurrence rate impaired the long-term oncological outcomes, especially for those with early recurrence.2,3,6 It is always 
a pursuit for hepatic surgeons to reduce early recurrence rates and gain a satisfactory oncological outcome by effective 
postoperative adjuvant therapies. Several studies showed that PA-TACE could significantly improve RFS and OS with 
well-tolerated toxicities for huge HCC patients.8,13,14,23 However, the early recurrence rates were still unsatisfactory. 
Recently, some studies and the guidelines of AASLD recommended that postoperative adjuvant PD-1 treatment could 
improve short-term survival outcomes for HCC patients with high recurrence risk, including large tumors, MVI, 
satellites, poor tumor differentiation.12,15,16,24 However, it is still uncertain whether the combined therapy of PA-TACE 
plus PD-1 inhibitors could achieve better anti-recurrence effect than PA-TACE alone. The study cohorts were established 
by PSM with well-balanced baseline characteristics, providing a more reliable comparison of short-term outcomes. As 
expected, we obtained a better survival outcome of RFS and OS with well-tolerated AEs in huge HCC patients who 
underwent combined therapy. This study was the first to evaluate the efficacy and safety of AIT for huge HCC patients.

Large tumors were associated with poor oncological prognosis due to early recurrence and distant metastasis. Early 
recurrence is possibly related to both the residual tumor cells and a dysfunctional tumor-immune microenvironment.25,26 

PA-TACE could lead to necrosis of tumor cells by lipiodol embolization, which is related to the unique rich arterial blood 
supply of early micro-tumor nodules.13 However, TACE had no ability to suppress immune evasion. This might be the 

Forest plot of subgroup analysis for OS
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Figure 3 Forest plot for subgroup survival analysis for RFS (A) and OS (B). 
Abbreviations: AFP, alpha-fetoprotein; E-S, Edmonson-Steiner; MVI, microvascular invasion.
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reason why TACE alone for huge HCC could not achieve a satisfactory outcome. A variety of studies have demonstrated 
the rationale of the combined therapy of TACE plus TKIs and PD-1 inhibitors for unresectable HCC, with better 
progression-free survival (9.7 vs 7.0 months), OS (24.0 vs 21.4 months) and objective response rate (52.4% vs 17.8%) 
compared to TACE plus TKIs.27,28 PD-1 inhibitors could block the tumor immune escape pathway and maintain the 
T cells’ tumor cell-killing activity by binding to PD-1 on the surface of T cells. TACE can effectively cause tumor 
necrosis, resulting in the release of tumor-specific antigens, which subsequently improves immunotherapy due to better 
antigen presentation.29

The recurrence of HCC is classified as early recurrence (within two years) and late recurrence (after two years) as 
early recurrence is generally considered to be metastasis via residual cancer related to the biologic features of tumors and 
late recurrence is considered to be newborn cancer related to underlying liver disease background.30,31 The primary 
endpoint should be set in early phase of recurrence to increase the statistical power if the efficacy of the treatment 
modalities, such as immunotherapy and TACE, lie in preventing the recurrence of residual cancer. Both in the crude and 
PSM cohorts, AIT showed a strong association with reduced early recurrence rate and prolonged OS in patients with 
huge HCC. The subgroup analysis showed that huge HCC patients could achieve benefit from AIT in most subgroups 
except female patients, older patients, patients with AFP ≤400ng/mL, E-S grade I+II or ruptured tumor or patients 
without HBV infection. Further studies to explore the efficacy in subgroups should be conducted because the number of 
patients in some subgroups was small, which may affect the results of the subgroup analysis.

Compared to the study of H. Wang et al related to huge HCC with PA-TACE, our results of RFS and OS were 
worse.23 The possible reasons were as follows: 1) our study subjects contained patients with macrovascular invasion; 2) 
the interval of follow-up was one month in our study but two months in the study of H. Wang et al. Compared to non- 
huge HCC, a more powerful risk of recurrence in huge HCC was extrahepatic metastasis. A study performed by Kenji 
demonstrated that more than 40% of patients with huge HCC relapsed in distant organs, especially in lung, while only 
7% patients with non-huge HCC relapsed in distant organs.32 Our results were consistent with the results of previous 
study and the AIT group showed a lower extrahepatic metastasis rate, although without statistical significance. Another 
significant difference in the post-recurrence treatments was that more patients in the AT group underwent TACE alone 
again while more patients in the AIT group underwent TKIs followed repeat TACE and PD-1 inhibitors. This might be 
due to economic factors because the patients in the AIT group might have more wealth to receive systemic therapy. 
Differences in post-recurrence treatment also had an important impact on OS, which need to be considered. The median 
OS was longer in patients who underwent combined therapy compared with those underwent repeated TACE alone after 
recurrence (16.3 vs 11.1 months, p=0.21, Supplementary Figure 2)

The combined treatment of AIT was safe as a postoperative adjuvant modality for huge HCC. PA-TACE was 
demonstrated to be safe as adjuvant treatment.8,13 In our study, most patients experienced transient AEs and recovered 
well without severe AEs and treatment-related deaths during TACE treatment. Regard to immunotherapy, the occurrence 
rate of grade 3/4 AEs was 6.0%. According to the results of previous studies, the common AEs of PD-1 inhibitors, such 
as increased ALT or AST, fatigue, hypothyroidism, pruritus and asthenia, occurred in 64%~73% of HCC patients while 
grade ≥3 AEs occurred in 15%~24% of patients.33,34 The occurrence rates of AEs in our study were lower than the 
reported results. This might be attributed to the fewer injection circles of PD-1 inhibitors in this study. This study 
demonstrated the well-tolerated toxicity of PD-1 inhibitors as adjuvant treatment for HCC patients.

Analysis of associated risk factors showed that patients with macrovascular invasion, multiple tumors, satellites, and 
intraoperative blood transfusion had a poor prognosis. Cox regression analysis proved further that AIT was a protective 
factor related to RFS and OS. Multiple tumors or tumors with macrovascular invasion mean that the stage of HCC is 
more advance and the prognosis of patients is worse. Many studies showed that the presence of poor pathology 
performances, such as MVI, satellites, low-grade differentiation, were important predictors of postoperative recurrence 
and poor prognosis.30,31,35,36 Our results only supported satellites as an independent risk factor for the prognosis of huge 
HCC. Blood transfusion was associated with poor prognosis of HCC after surgery owing to the immunosuppressive 
effect, which has been reported in previous studies.37 The subgroup analysis showed that AIT could further reduce the 
risks of recurrence and mortality in subgroups of macrovascular invasion, multiple tumors, satellites, and intraoperative 
blood transfusion.
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There are several limitations in our study. First, although we applied PSM to balance the baseline characteristics, 
potential biases were still inevitable due to the retrospective nature of our study. For instance, the types of PD-1 inhibitors 
could not be standardized. However, it is somewhat more consistent with the real-world applications of PD-1 inhibitors. 
Second, a control arm without any adjuvant treatment failed to be established owing to highly frequent loss to follow-up. 
Third, patients with HBV infection accounted for most of the cohorts. Whether the results obtained in this study can be 
generalized to HCV-related or alcohol-related HCC needs further investigation. Additionally, this was a single-center 
clinical study so that the sample size of this study was limited, and the duration of follow-up was relatively short. Thus, 
a multicenter, randomized controlled study with a large sample size is necessary to validate the conclusion of the study.

Conclusion
This study demonstrated that AIT, associated with better survival outcomes, would be a potentially effective adjuvant 
treatment with tolerable toxicities for huge HCC. However, a multicenter, randomized controlled study with a large 
sample size is necessary to further validate the conclusion of the study.
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