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Abstract
Background and purpose  The clinical role of postoperative adjuvant therapy in hepatocellular carcinoma (HCC) is still 
unclear. The purpose of our study was to explore the clinical value of postoperative adjuvant anti-programed cell death 1 
antibody (PA-PD-1) on the prognosis of HCC patients with high relapse risks after surgery.
Patients and methods  Data of consecutive HCC patients with high recurrence risks treated with liver resection at our center 
during January 2019 and March 2021 were prospectively collected. Baseline differences were balanced between HCC patients 
with (PA-PD-1 group) or without PA-PD-1 (non-PD-1 group) after hepatectomy by propensity-score matching (PSM). 
Between these two groups, we compared overall survival (OS) and recurrence-free survival (RFS). Independent prognostic 
risk factors for OS and RFS were confirmed by Cox regression analysis, and subgroup analysis was also performed.
Results  47 pairs of patients with or without PD-1 treatment after hepatectomy were matched. After PSM, the 1-year and 
2-year RFS was 58.4% and 44.1% in the PA-PD-1 group, and 34.0% and 21.3% in the non-PD-1 group (p = 0.008). The OS 
at 1 year and 2 years was 91.2% and 91.2% in the PA-PD-1 group, compared with 85.1% and 61.7% in the non-PD-1 group 
(p = 0.024). Multivariable analyses demonstrated that PA-PD-1 was an independent protective predictor associated with RFS 
and OS. Through subgroup analysis, we concluded that HCC patients with portal venous tumor thrombus (PVTT) or tumor 
size ≥ 5 cm significantly benefited from PA-PD-1 therapy in RFS and OS.
Conclusions  Adjuvant anti-PD-1 antibody can effectively improve the survival outcomes of HCC patients with high relapse 
risks after hepatectomy in this prospective observational study. This finding should be confirmed by results of the ongoing 
phase 3 randomized controlled trials.

Keywords  Hepatocellular carcinoma · Hepatic venous tumor thrombus · Independent prognostic factors · Overall survival · 
Postoperative adjuvant therapy · Portal venous tumor thrombus · Programmed cell death 1 · Propensity-score matching · 
Recurrence · Recurrence-free survival

Abbreviations
AFP	� Alpha-fetoprotein
CIs	� Confidence intervals
HCC	� Hepatocellular carcinoma
HRs	� Hazard ratios

HVTT	� Hepatic venous tumor thrombus
MVI	� Microvascular invasion
RFS	� Recurrence-free survival
TACE	� Transarterial chemoembolization
OS	� Overall survival
PA-PD-1	� Postoperative adjuvant anti-programed cell 

death 1 antibody
PSM	� Propensity-score matching
PVTT	� Portal venous tumor thrombus

Introduction

Hepatocellular carcinoma (HCC) makes up 75–85% of pri-
mary liver cancers and is among the deadliest malignant 
tumors in the world [1]. The established first-line therapeutic 
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option for HCC patients is hepatectomy. However, up to 
50%–70% of HCC patients undergoing radical hepatic resec-
tion experience relapse within 5 years [2–4], with 5-year 
survival rates of only 30%–50% [5–7]. Furthermore, patients 
with high relapse factors, for example, microvascular inva-
sion (MVI), satellite nodules, multiple tumors, hepatic 
venous tumor thrombus (HVTT), portal venous tumor throm-
bus (PVTT), positive resection margin, alpha-fetoprotein 
(AFP) > 400 ng/mL, and large tumor (especially > 5 cm) 
showed obviously higher recurrence rate and worse prognosis 
[8–10]. Previous findings have revealed that the 5-year survival 
rates for HCC patients with lymph node metastasis, HVTT, 
and PVTT were only 20.8%, 6.5%, and 32.9%, respectively 
[11–13]. Therefore, effective postoperative adjuvant therapies 
are certainly important to reduce recurrence and improve long-
term survival.

Although adjuvant treatment after surgery is not recom-
mended by current guidelines on HCC [14, 15], previous 
studies including some randomized controlled trials (RCTs) 
did reveal that multiple treatment modalities, such as adju-
vant transarterial chemoembolization (TACE), IFN-α, and 
direct-acting antiviral agents for hepatitis virus-infected HCC 
patients, have the influence of reducing recurrence and pro-
longing survival [16–19]. Immunotherapy has been previously 
explored as an adjuvant therapeutic option in HCC patients 
receiving radical surgery [20, 21]. A randomized trial of 150 
postoperative HCC patients explored the clinical effective-
ness of adoptive immunotherapy in reducing the frequency 
of tumor recurrence and reported that patients who received 
lymphocyte infusion gained obviously greater recurrence-free 
survival (RFS) than control patients [22].

Immune checkpoint inhibitor (ICI)-based combination 
regimens have shown potential survival benefits in advanced 
HCC [23–25]. Mechanically, they can play a role in enhancing 
human immune recognition and inhibiting tumor cell regenera-
tion. The duration of response to ICIs has always been long, 
since activated T-lymphocyte can retain memories of their 
target [26], making it a promising approach for postoperative 
adjuvant therapy in HCC, especially for HCC patients with 
high relapse risks after initial hepatectomy. However, to date, 
postoperative adjuvant treatment with anti-PD-1 antibodies for 
HCC has not yet been reported. Our prospective observational 
study was set up to explore the clinical benefit of postoperative 
adjuvant anti-PD-1 antibody (PA-PD-1) on the prognosis of 
HCC with high relapse risks after liver resection.

Materials and methods

Participant selection

Following the guidance of the Declaration of Hel-
sinki (1964), this prospective observational study was 

conducted. Inclusion criteria are outlined as follows: (1) age 
18–75 years; (2) underwent R0 resection and confirmed as 
HCC by postoperative pathology; (3) received radiological 
evaluations such as abdominal CT or MRI to confirm no 
tumor relapse or residual within 1 month after surgery; (4) 
Eastern Co-operative Oncology Group (ECOG) score ≤ 1; 
(5) Child–Pugh A or B; (6) presence of one or more high 
risk for relapse: MVI, PVTT, HVTT, satellite nodules, mul-
tiple tumor nodules (> 3 nodules), AFP > 400 ng/mL, and 
maximum tumor size exceeding 5 cm [9, 17, 27]. Following 
were the exclusion criteria: (1) known sarcomatoid HCC, 
combined cholangiocarcinoma, and HCC or fibrolamellar 
HCC; (2) evidence of distant metastasis or coexistence of 
other malignancies on baseline imaging; and (3) previously 
received systemic anti-cancer therapy for HCC. According 
to these criteria, patients were included and separated into 
two groups: (1) HCC patients undergoing hepatic resection 
with postoperative adjuvant anti-PD-1 antibody (PA-PD-1 
group); (2) HCC patients undergoing hepatectomy with-
out postoperative adjuvant anti-PD-1 antibody (non-PD-1 
group). Data including demographic and clinical character-
istics and follow-up information were collected and analyzed 
by two independent researchers (Yukun Sun and Shuifang 
Hu).

Adjuvant anti‑PD‑1 antibody treatment

PA-PD-1 antibody therapy was recommended according 
to the physician’s clinical knowledge and experience and 
ultimately determined by the patient. HCC patients in the 
PA-PD-1 group were treated with intravenous PD-1 block-
ade therapy at an interval of 21 days after each regimen. 
Patients continuously received PD-1 blockade treatment 
until unacceptable toxic reactions were measured following 
the CTCAE version 5, or disease progression occurred.

Postoperative follow‑up and end points

HCC patients in the two groups received regular follow-ups 
after liver surgery. Postoperative surveillance visits were 
scheduled 1 month postoperatively to confirm disease-
free status, every 2–3 months for the first 2 years, and then 
every 6–12 months thereafter. Follow-up examinations were 
conducted using physical examination, laboratory tests 
(including peripheral blood test, liver function, AFP), and 
abdominal radiological examinations (ultrasound, contrast-
enhanced CT, or MRI). RFS and overall survival (OS) were 
used as primary end points. RFS was defined as the interval 
from the date of hepatectomy to the date of death due to any 
cause or last follow-up, whichever occurred first. OS was 
defined as the interval from the date of hepatectomy to the 
date of death due to any cause or last follow-up. The last 
follow-up date was based on the last hospital or outpatient 
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visit or telephone record. Follow-up data collection was ter-
minated on January 30, 2022.

HCC recurrences or metastases were diagnosed accord-
ing to histological or cytological evidence or non-invasive 
examination recommended by the EASL [28]. Images were 
independently reviewed by two senior radiologists. The final 
recurrent diagnosis was determined upon review of all clini-
cal data in the case of discrepancies in CT or MRI. Patients 
with recurrence of HCC underwent radiofrequency ablation, 
surgery, TACE, radiotherapy or systemic treatment, consid-
ering tumor characteristics (location, size, and number), 
general condition, and liver function.

Statistical analysis

To minimize selection bias and reduce the potential impact 
of confounders, we used a propensity-score matching (PSM) 
analysis, matching patients who received anti-PD-1 antibody 
after hepatectomy with those who did not receive treatment. 
Baseline variables with p values < 0.2 of the two groups 
were put into the PSM model to calculate the propensity 
score, including age, tumor number, BCLC classification, 
lymph node invasion, HVTT, liver cirrhosis, PVTT, adju-
vant TACE, adjuvant radiotherapy, adjuvant hepatic arterial 
infusion chemotherapy, and adjuvant targeted therapy. HCC 
patients were matched in a ratio of one to one based on logis-
tic regression of propensity scores. Continuous normally 
or non-normally distributed variables were represented as 
means ± standard deviations or medians with interquartile 
ranges (IQR) and compared through the Student’s t tests 
or the Mann–Whitney U tests, respectively. Comparisons 
of categorical variables, expressed as frequencies (percent-
ages), were performed through Pearson's Chi-square tests 
or Fisher’s exact tests. RFS and OS curves were generated 
and compared between the non-PD-1 and PA-PD-1 groups 
through the Kaplan–Meier method and the log-rank test. 
Independent predictors for RFS and OS were confirmed by 

Cox regression analyses. Clinical factors with p < 0.1 in the 
univariate analysis were entered into multivariable analysis 
and considered for developing the multivariable Cox model 
for further screening. Subgroup analyses were performed 
through the Kaplan–Meier method, and the forest plot for 
subgroup analyses was described with estimated hazard 
ratios (HRs) and 95% confidence intervals (CIs). For sta-
tistical analysis, the software of SPSS (version 26.0) was 
employed. Rstudio, “survminer”, “survival”, and “forest-
plot” packages were used to analyze the data. Statistical tests 
were two sided with significance defined as p < 0.05.

Results

Patient characteristics

From January 2019 to March 2021, 1001 HCC patients 
underwent surgery in our institution. Based on exclusion 
criteria, 483 patients were excluded, and 518 HCC patients 
with high relapse risks were included, with 51 patients 
undergoing PA-PA-1 treatment and 467 patients undergo-
ing hepatectomy alone (Fig. 1). To balance the baseline 
differences, 94 patients were included in the two groups 
after 1:1 PSM. Detailed baseline and preoperative clini-
cal characteristics of the non-PD-1 group compared with 
the PA-PD-1 group before and after PSM are described 
in Table 1. Before PSM, age, tumor number, BCLC clas-
sification, liver cirrhosis, and PVTT differed obviously 
between the two groups (all p < 0.05). Male patients, 
patients infected with hepatitis B virus, and patients with 
Child–Pugh A comprised the majority of patients (> 80%) 
in the two groups. Forty-seven pairs of HCC patients who 
did and did not receive anti-PD-1 antibody therapy after 
hepatectomy were selected from each group, after a 1:1 
PSM, with a median follow-up duration of 15.3 months. 
The standardized differences between the PA-PD-1 

Fig. 1   Flowchart of patients’ 
enrollment for comparison. 
HCC hepatocellular carcinoma
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and non-PA-PD-1 groups were much lower after PSM 
(Fig. S1). Among the 47 patients in the PA-PD-1group, 
23 received tislelizumab, 21 received camrelizumab, 2 
received pembrolizumab, and 1 received toripalimab. The 
median duration of PA-PD-1 was 4.17 months. The median 
number of cycles received was 5 (interquartile range 3–14) 
in the PA-PD-1 group. Potential confounding factors were 
balanced in the two groups (all p > 0.05).

Recurrence‑free survival and overall survival

After PSM, the median RFS in the PA-PD-1 group was 17.67 
(6.18–29.16) months, while it was 5.73 (4.31–7.15) months 
in the non-PA-PD-1 group. The corresponding 1-year and 
2-year RFS were 58.40% and 44.13% in the PA-PD-1 group, 
and 34.04% and 21.28% in the non-PA-PD-1 group, respec-
tively. In the PA-PD-1 group, the RFS was longer than that 
in the non-PD-1 group (p = 0.008, Fig. 2a). Both groups did 
not reach the median OS time. The corresponding 1-year and 
2-year OS were 91.29% and 91.29% in the PA-PD-1 group, 
and 85.10% and 61.70% in the non-PD-1 group, respectively. 
Between the two groups, OS showed a statistically signifi-
cant difference (p = 0.024, Fig. 2b).

Univariable and multivariable analysis

Univariable analysis revealed that PA-PD-1 (HR = 0.485; 
95% CI = 0.282–0.836; p = 0.009), multiple tumor num-
bers (HR = 2.493; 95% CI = 1.463–4.248; p = 0.001), 
HVTT (HR = 2.605; 95% CI = 1.315–5.161; p = 0.006), 
and AFP > 400 ng/ml (HR = 2.111; 95% CI = 1.265–3.521; 
p = 0.004) were factors significantly related to RFS (Table 2). 
Similarly, multivariable analysis showed that PA-PD-1 
(HR = 0.479; 95% CI = 0.276–0.832; p = 0.009), multi-
ple tumor numbers (HR = 2.058; 95% CI = 1.199–3.533; 
p = 0.009), HVTT (HR = 2.029; 95% CI = 1.353–5.545; 
p = 0.005), and AFP > 400  ng/ml (HR = 2.029; 95% 
CI = 1.205–3.417; p = 0.008) were independent predictors 
of RFS (Table 2).

PA-PD-1 treatment (HR = 0.303; 95% CI = 0.101–0.908; 
p = 0.033), tumor size > 5  cm (HR = 3.453; 95% 
CI = 1.027–11.612; p = 0.045), and HVTT (HR = 2.709; 95% 
CI = 1.086–6.757; p = 0.033) were significantly related with 
OS in the univariate analysis. Multivariable analysis revealed 
that PA-PD-1 treatment (HR = 0.297; 95% CI = 0.095–0.922; 
p = 0.036) was a predictor of OS.

Safety

Of the 47 patients in the PA-PD-1 group, no patients dis-
continued the regimen owing to an adverse event. There 

were no treatment-related deaths in the PA-PD-1 group. 
Treatment-related adverse events of any grade occurred in 
36 patients (76.60%) in the PA-PD-1 group. The incidence 
of grade 3 or 4 treatment-related adverse events was 21.27%. 
Detailed adverse events in the PA-PD-1 group are summa-
rized in Table 3. Grade 3 or 4 treatment-related adverse 
events included increased ALT/AST (seven patients, 14.9%), 
hypoalbuminemia (two patients, 4.3%), anemia (one patient, 
2.13%), and decreased neutrophils (one patient, 2.13%).

Subgroup analysis

Subgroup analyses stratified by different clinical vari-
ables were performed to further explore the efficacy of the 
PA-PD-1 for HCC patients after surgery.

The PA-PD-1 group consistently achieved longer RFS 
than the non-PA-PD-1 group in the subgroups of < 55 years 
(HR = 0.51, 95% CI = 0.27–0.96; Fig. 3a), tumor size ≥ 5 cm 
(HR = 0.41, 95% CI = 0.23–0.73), no HVTT (HR = 0.45, 
95% CI = 0.26–0.79), PVTT presence (HR = 0.40, 95% 
CI = 0.18–0.88), no MVI (HR = 0.38, 95% CI = 0.15–0.93), 
no tumor satellites (HR = 0.55, 95% CI = 0.31–0.96), 
no liver cirrhosis (HR = 0.53, 95% CI = 0.28–0.98), and 
AFP < 400 ng/ml (HR = 0.41, 95% CI = 0.2–0.84).

In addition, patients may benefited from PA-PD-1 in OS 
if they had age ≥ 55 years (HR = 0.18, 95% CI = 0.04–0.78; 
Fig. 3b), tumor size ≥ 5 cm (HR = 0.21, 95% CI = 0.09–0.49), 
BCLC stage A and B (HR = 0.25, 95% CI = 0.07–0.93), 
no HVTT (HR = 0.25, 95% CI = 0.1–0.64), PVTT pres-
ence (HR = 0.15, 95% CI = 0.04–0.5), no tumor satel-
lites (HR = 0.36, 95% CI = 0.14–0.94), no liver cirrhosis 
(HR = 0.36, 95% CI = 0.14–0.95), and AFP < 400 ng/ml 
(HR = 0.18, 95% CI = 0.05–0.67).

Discussion

Recently, PD-1 inhibitors have been developed as post-
operative adjuvant treatment in some cancers due to their 
ability to boost patients’ immune systems; for instance, 
pembrolizumab has been approved for melanoma and 
renal cell carcinoma based on conclusions from the KEY-
NOTE-716 study (NCT03553836) and phase III KEY-
NOTE-564 study (NCT03142334), respectively [29, 30]. 
However, clinical evidence of PA-PD-1 therapy for HCC 
is still lacking, although many clinical trials exploring 
the efficacy of PA-PD-1 treatment are currently ongoing, 
such as durvalumab (NCT03847428), pembrolizumab 
(NCT03867084), atezolizumab (NCT04102098), and 
nivolumab (NCT03383458).
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Table 1   Baseline demographic and clinical characteristics of the non-PD-1 group compared with the PA-PD-1 group before and after PSM

Bold text means P < 0.05
AFP alpha-fetoprotein, HCV hepatitis C virus, HVTT hepatic venous tumor thrombus, PSM propensity-score matching, PA-PD-1 adjuvant anti-
PD-1, PVTT portal venous tumor thrombus, SD standard deviation

Parameters Before PSM P After PSM P

Non-PD-1 
group (n = 467)

PA-PD-1 group (n = 51) Non-PD-1 group (n = 47) PA-PD-1 group (n = 47)

Age (years) 0.009 0.553
 Mean (SD) 54.54 ± 11.93 49.51 ± 12.02 50.81 ± 13.02 49.26 ± 12.23

Sex 0.241 0.267
 Female 47 (10.1%) 2 (3.9%) 6 (12.8%) 2 (4.3%)
 Male 420 (89.9%) 49 (96.1%) 41 (87.2%) 45 (95.7%)

Tumor Number 0.022 0.382
 1 328 (70.2%) 28 (54.9%) 23 (48.9%) 26 (55.3%)
 2 52 (11.1%) 7 (13.7%) 5 (10.6%) 7 (14.9%)
 3 6 (1.3%) 2 (3.9%) 2 (4.3%) 2 (4.3%)
 > 3 81 (17.3%) 14 (27.5%) 17 (36.2%) 12 (25.5%)

BCLC classification  < 0.001 0.987
 0 13 (2.8%) 0 (0%) 3 (6.4%) 0(0.0%)
 A 252 (54%) 14 (27.5%) 12 (25.5%) 14 (29.8%)
 B 91 (19.3%) 15 (29.4%) 11 (23.4%) 14 (29.8%)
 C 111 (23.8%) 22 (43.1%) 21 (44.7%) 19 (40.4%)

Maximum tumor size (mm) 72.94 ± 36.87 77.09 ± 32.66 0.229 76.54 ± 43.69 79.15 ± 32.21 0.621
Microvascular invasion 1.000 0.522
 Yes 291 (62.3%) 32 (62.7%) 31 (66.0%) 28 (59.6%)
 No 176 (37.7%) 19 (37.3%) 16 (34.0%) 19 (40.4)

Tumor satellites 1.000 0.159
 Yes 56 (12%) 6 (11.8%) 10 (21.3%) 5 (10.6%)
 No 411 (88%) 45 (88.2%) 37 (78.7%) 42 (89.4%)

Lymph node invasion 0.110 1.000
 Yes 4 (0.9%) 2 (3.9%) 2 (4.3%) 1 (2.1%)
 No 463 (99.1%) 49 (96.1%) 45 (95.7%) 46 (97.9%)

HVTT 0.050 1.000
 Yes 26 (5.6%) 7 (13.7%) 6 (12.8%) 6 (12.8%)
 No 441 (94.4%) 44 (86.3%) 41 (87.2%) 41 (87.2%)

Liver cirrhosis 0.008 0.071
 Yes 180 (38.5%) 10 (19.6%) 18 (38.3%) 10 (21.3%)
 No 287 (61.5%) 41 (80.4%) 29 (61.7%) 37 (78.7%)

PVTT
Yes

96 (20.6%) 20 (39.2%) 0.003 18 (38.3%) 17 (36.2%) 0.5

No 371 (79.4%) 31 (60.8%) 29 (61.7%%) 30 (63.8%)
Child–Pugh grade 1.000 1.000
 A 444 (95.1%) 48 (94.1%) 44 (93.6%) 44 (93.6%)
 B 23 (23%) 3 (5.9%) 3 (6.4%) 3 (6.4%)

HbsAg positive 0.448 0.765
 Yes 383 (82%) 44 (86.3%) 40 (85.1%) 41 (87.2%)
 No 84 (18%) 7 (13.7%) 7 (14.9%) 6 (12.8%)

HCV-Ab positive 1.000 0.358
 Yes 12 (2.6%) 1 (2%) 4 (8.5%) 1 (2.1%)
 No 455 (94.7%) 50 (98%) 43 (91.5%) 46 (97.9%)

AFP 0.603 0.833
 AFP > 400 ng/ml 157 (33.6%) 19 (37.3%) 19 (40.4%) 18 (38.3%)
 AFP < 400 ng/ml 310 (66.4%) 32 (62.7%) 28 (59.6%) 29 (61.7%)
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As we know, this is the first prospective observational 
study to explore the effect of PA-PD-1 therapy, demon-
strating that HCC patients with high recurrence risks after 
hepatectomy had obviously improved OS and RFS in the 
PA-PD-1 group compared with the non-PD-1 group. With 
1:1 PSM, the two groups were well balanced for potential 
clinical variables affecting tumor relapse, such as tumor 
size, number, MVI, BCLC stage, AFP, and HVTT. There-
fore, the significant reduction in the risk of recurrence is 
attributable to PA-PD-1 therapy. Furthermore, univariable 
and multivariable analyses revealed that PA-PD-1 treat-
ment was an independent predictor of both RFS and OS. 
This finding suggests that PA-PD-1 could be a promis-
ing therapy for HCC patients with high risk of relapse 
after hepatectomy. In accordance with the present results, 
a phase II prospective multicenter trial reported at the 
2021 ASCO Annual Meeting showed that the 1-year RFS 
was 76.7% and the median RFS was 26  months (95% 
CI 23.9–28.1 months) for HCC patients who received 
nivolumab after liver resection, which greatly improved 
postoperative quality of life [31]. Patients in this multi-
center study had a more favorable RFS than those in our 
study (76.5% vs 58.40%), partly because the HCC patients 
in our study had at least one of the recurrence risk factors, 
meaning they were more susceptible to tumor recurrence. 
In fact, subgroup analysis of the phase 2 clinical trial also 
demonstrated that patients with an immunosuppressive 
tumor microenvironment had worse RFS, which further 
indicates the importance of postoperative immunotherapy 
for HCC patients with high relapse factors after hepatec-
tomy [31].

The tumor relapse rate within 5 years after hepatic resec-
tion for HCC is as high as 50–70%, which is related to the 
possible existence of small dissemination or multicentric 
occurrence before surgery [3, 32, 33]. The relapse of HCC 
is classified as early relapse (within two years) and late 
relapse (after two years) based on the time to recurrence 
after hepatectomy. Intrahepatic tumor metastasis is related 
to the aggressiveness of the primary cancer and is the pri-
mary reason for early recurrence [34]. Because of the short 
duration of treatment and follow-up, we only provide data on 
early recurrence and overall survival in the first 2 years. Our 
multivariable analyses showed that multiple tumor numbers 
(≥ 3), HVTT, and AFP > 400 ng/ml were other factors sig-
nificantly related to RFS, indicating that these factors affect 
early recurrence. Previous studies reported that early tumor 
recurrence is more likely to occur with the characteristics of 
tumor pathology, such as poor cell differentiation, multiple 
tumors, large tumor size, MVI, and satellite lesions [35–37]. 
We are presently unable to arrive at conclusions about the 
predictive factors for late recurrence because of the short 
follow-up duration, but previous literature has reported on 
them. A multicenter retrospective study of 734 HCC patients 
after curative hepatectomy demonstrated that sex of male, 
cirrhosis, multiple tumors, satellite nodules, tumor size 
exceeding 5 cm, and MVI were independent predictors of 
late relapse [10]. Regardless of whether HCC patients with 
high risk factors of early or late relapse would benefit more 
from immunotherapy, our subgroup analysis suggested that 
PA-PD-1 significantly improved RFS and OS for patients 
with PVTT or tumor size ≥ 5 cm.

In this study, the resection criteria were referred to clini-
cal guidelines from China but not Western countries [38]. 

Fig. 2   Comparison of RFS (a) and OS (b) between the PA-PD-1 and non-PD-1 groups after PSM. RFS recurrence-free survival, OS overall sur-
vival, PA-PD-1 adjuvant anti-PD-1, PSM propensity-score matching
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Therefore, some patients (including patients with PVTT) 
outside resection criteria according to Western guidelines 
also underwent hepatectomy and were included in our study. 
Since HCC patients generally have more advanced stages 
in China and resection is one of the most commonly used 
treatment, surgery was performed in many selected advanced 
patients in real clinical scenario. Indeed, due to emerging 
evidence showing that some selected patients with advanced 
HCC could still benefit from surgery, guidelines from Asian 
countries including China now recommend surgery for 
selected advanced patients as first-line treatment for better 
prognosis [39, 40]. However, it should be noted that the dif-
ferent resection criteria in Western countries and China can 
affect the generalizability of our results.

In this study, PA-PD-1 was planned to be continued until 
disease progression. However, we found that the actual dura-
tion of PA-PD-1 was 4.17 months, while the median RFS 
was much longer. This was mainly because of the study 
design, since the discontinuation of PA-PD-1 before disease 
progression was allowed at patients’ will. Patients receiv-
ing at least one cycle of PA-PD-1 were included in the final 
analysis. Besides, we included patients receiving PA-PD-1 
with or without other adjuvant therapies. Although we per-
formed PSM using variables included adjuvant therapies 
other than PA-PD-1 to balance them between the two groups, 
these treatments could cause bias when interpreting the effi-
cacy and toxicity of PA-PD-1. Synergic effects could exist 
between PA-PD-1 and other treatments such as anti-angiogenic 
agents, which might make the survival benefit of PA-PD-1 
more significant. On the other hand, the incidence and sever-
ity of adverse events would also increase in patients receiving B
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Table 3   AEs in the PA-PD-1 group

AE adverse event, PA-PD-1 postoperative adjuvant anti-PD-1, ALT 
alanine aminotransferase, AST aspartate aminotransferase

Grade 0, n (%) 1–2, n (%) 3–4, n (%)

Increased ALT/AST 17 (36.17) 23 (48.94) 7 (14.89)
Hypoalbuminaemia 35 (74.47) 10 (21.28) 2 (4.26)
Hyponatremia 44 (93.62) 3 (6.38) 0 (0.00)
Hypopotassaemia 42 (89.36) 5 (10.64) 0 (0.00)
Anemia 32 (68.09) 14 (29.79) 1 (2.13)
Decreased neutrophils 36 (76.60) 10 (21.28) 1 (2.13)
Decreased white blood cell 34 (72.34) 13 (27.66) 0 (0.00)
Decreased platelet 36 (76.60) 11 (23.40) 0 (0.00)
Rash 47 (100.00) 0 (0.00) 0 (0.00)
Pruritus 47 (100.00) 0 (0.00) 0 (0.00)
Diarrhea 45 (95.74) 2 (4.26) 0 (0.00)
Decreased appetite 47 (100.00) 0 (0.00) 0 (0.00)
Fatigue 47 (100.00) 0 (0.00) 0 (0.00)
Decreased weight 46 (97.88) 1 (2.13) 0 (0.00)
Nausea/vomiting 47 (100.00) 0 (0.00) 0 (0.00)
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multiple treatments in the PA-PD-1 group. Therefore, the dura-
tion, efficacy, and toxicity of PA-PD-1 alone should be further 
studied.

There are several limitations. First, the observational, non-
randomized study has its inherent flaws. For instance, the treat-
ment (anti-PD-1 antibody with or without other therapies) and 
also the follow-up were flexible to some extent. Although we 
applied PSM including treatment variables, it was still difficult 
to completely avoid some biases. Among the four ongoing 
phase 3 clinical trials investigating the efficacy of PA-PD-1 
treatment in HCC mentioned above, three (NCT03847428, 
NCT04102098, and NCT03383458) were also conducted in 
patients with high risks of recurrence as our study. Besides, 
two of them (NCT03847428 and NCT04102098) combined 
anti-PD-1 antibody and bevacizumab as adjuvant therapy. 
Therefore, the results of these trials would be very important 
to validate our findings. Moreover, the number of patients 
is insufficient (47 patients in each group after PSM) and the 
follow-up period was short. Third, the selection criteria of 
patients receiving hepatectomy were different between West-
ern and Eastern countries, which can affect the generalizability 
of our results. Thus, research with more patients and longer 
follow-ups are needed to verify our results.

Conclusion

PA-PD-1 is a potentially new and effective intervention 
in improving survival outcomes for HCC patients with 
high relapse factors after hepatectomy. Further randomized 
controlled trials investigating its efficacy and safety are 
required to confirm the finding and to better understand 
the value of postoperative adjuvant PD-1 in patients with 
HCC.
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