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Purpose: The treatment of hepatocellular carcinoma (HCC) patients with high-risk features (Vp4, and/or tumor occupancy≥50%) has 
not been standardized and has poor outcomes. The present study aimed to assess the safety, efficacy, and prognostic impact of 
lenvatinib, hepatic arterial infusion chemotherapy (HAIC), and humanized programmed death receptor-1 (PD-1) in treating high-risk 
patients and to explore the biomarkers that may predict the efficacy.
Methods: HCC patients with high-risk features treated with lenvatinib, HAIC, and PD-1 were analyzed retrospectively. Overall survival 
(OS), progression-free survival (PFS), duration of response (DOR), objective response rate (ORR), and disease control rate (DCR) were 
calculated to evaluate the antitumor efficacy. Treatment-related adverse events (TRAEs) were analyzed to assess the safety profiles.
Results: Between February 2020 and July 2022, 97 patients were enrolled in this retrospective cohort study. The median follow-up 
time was 447 days. During analysis, 65 patients had disease progression, and 39 patients died. The median PFS and OS were 295 and 
579 days, respectively. According to RECIST 1.1 and mRECIST, the ORR was 64.9% and 78.3%, respectively, and the DCR was 
92.8%. The median and intrahepatic DOR was 363 and 462 days, respectively. Treatment-related grade 3 or 4 adverse events occurred 
in 64 (65.9%) patients, and the most common adverse events were hypertension (9.3%), thrombocytopenia (7.2%), and elevated 
aspartate transaminase (7.2%). Participants with low levels of serum procalcitonin (PCT) had satisfactory prognosis.
Conclusion: Lenvatinib, HAIC, and PD-1 were safe and showed promising antitumor activity against HCC with high-risk features. 
The initial levels of procalcitonin might be the predictive biomarkers for the combined treatment.
Keywords: hepatocellular carcinoma, HAIC, lenvatinib, VP4, PD-1

Introduction
Hepatocellular carcinoma (HCC) is the sixth most common cancer and the third most common cause of cancer-related 
deaths worldwide.1,2 About 72% of cases of HCC occur in Asia, and >50% occur in China.3 Most patients present 
advanced, unresectable disease, with a poor 5-year survival probability of approximately 10–18%.4,5

Journal of Hepatocellular Carcinoma 2023:10 1497–1509                                                 1497
© 2023 Chang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Hepatocellular Carcinoma                                                    Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 23 April 2023
Accepted: 20 July 2023
Published: 6 September 2023

Jo
ur

na
l o

f H
ep

at
oc

el
lu

la
r 

C
ar

ci
no

m
a 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-6614-6315
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


Tyrosine kinase inhibitors (TKIs) such as sorafenib (SHARP and Asia-Pacific) and lenvatinib (REFLECT) have been 
approved as first-line systemic therapies for unresectable advanced HCC. Recently, the Food and Drug Administration 
(FDA) approved the combination of atezolizumab and bevacizumab for patients with unresectable or metastatic HCC 
who have not received prior systemic therapy, based on Phase III IMbrave150 study.6–8 Various guidelines recommend it 
as the preferred first-line treatment because of its outstanding results. However, the recently updated IMbrave150 showed 
that this treatment has limited benefit in high-risk patients [Vp4, and/or tumor occupancy≥50% (TO≥50%) of the liver] 
with a median overall survival (OS) of 7.6 months.9,10 Interestingly, the median survival of patients with major portal 
vein tumor thrombosis (Vp3 and Vp4 portal vein invasion) after sorafenib treatment is merely 3.1–6.0 months.11,12 

Moreover, high-risk patients were not enrolled in the REFLECT trial. The outcome data about high-risk patients were 
limited because of their extremely poor prognosis and often excluded from previous trials. Consequently, the requirement 
of high-risk patients is not fulfilled.

Recently, a few immunotherapy combined therapies, such as lenvatinib plus pembrolizumab (KEYNOTE-524)13 and 
camrelizumab plus apatinib (RESCUE),14 have emerged as the first-line option for HCC and showed promising 
antitumor activity with a tolerable safety profile in treatment-naïve unresectable HCC.15 Although lenvatinib plus 
pembrolizumab phase III trial LEAP-002 did not meet its primary endpoint, it still had a better OS compared to 
lenvatinib monotherapy [21.2 vs 19.0 months, hazard ratio (HR): 0.84, 95% confidence interval (CI): 0.708–0.997, 
p=0.0227].16 These data suggested that further exploration of TKIs combined with immune checkpoint inhibitor (ICI) is 
essential.

Hepatic arterial infusion chemotherapy (HAIC) delivers a high local drug concentration into liver tumors, is 
associated with a substantial local antitumor effect, and has been used in primary and metastatic hepatic malignant 
tumors.17–20 Recent studies have explored HAIC alone or accompanied by sorafenib in advanced HCC and reported 
favorable results either in response rate or survival.18,19,21

Considering the different anti-malignancy mechanisms of TKIs, PD-1 inhibitors, and HAIC, combining these three 
modalities might exert a potential synergic effect and promising preliminary efficacy results in advanced HCC. Herein, 
we aimed to retrospectively explore the efficacy and safety of lenvatinib combined with PD-1 plus HAIC as the first-line 
treatment in advanced high-risk HCC.

Materials and Methods
Patients
A total of 97 unresectable HCC patients with high-risk treated with HAIC combined with lenvatinib plus PD-1 at the 
Affiliated Cancer Hospital of Shandong First Medical University between February 2020 and July 2022 were recruited in 
this study (Figure 1A). All patients were diagnosed with HCC based on the non-invasive criteria or biopsy. The non- 
invasive diagnostic criteria for HCC in patients with cirrhosis were as follows: liver cirrhosis, tumor diameter >1 cm 
based on four-phase multidetector computed tomography (MDCT) or dynamic magnetic resonance imaging (MRI), and 
arterial hypervascularization with venous or delayed phase washout.22,23 The inclusion criteria were as follows: (1) 
Patients aged between 18 and 80 years; (2) Liver function classification (Child–Pugh) of grade A or B; (3) Eastern 
Cooperative Oncology Group (ECOG) score 0–2; (4) Presence of Vp4, and/or tumor occupancy ≥50% of the liver; (5) At 
least one measurable intrahepatic lesion according to Response Evaluation Criteria in Solid Tumors (RECIST) version 
1.1; (6) No prior systemic treatments; (7) Adequate organ function (absolute neutrophil count ≥1.5×109/L, platelet count 
≥60×109/L, total bilirubin <52 μmol/L, albumin ≥28 g/L, aspartate transaminase and alanine transaminase ≤5×upper limit 
of the normal, creatinine clearance rate of ≤1.5×upper limit of the normal, and left ventricular ejection ≥45%). The 
exclusion criteria were as follows: combined with other malignant tumors; incomplete medical information; loss to 
follow-up. This single-center retrospective study was approved by the ethics committee of the Affiliated Cancer Hospital 
of Shandong First Medical University. Written informed consent was acquired from all patients before the operation in 
accordance with the 1955 Declaration of Helsinki.
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Treatment
Patients received oral lenvatinib at 12 mg/day (for body weight >60 kg) or 8 mg/day (for body weight <60 kg), as 
described above 3–7 days prior to the initial HAIC to confirm tolerability. The doses were reduced due to lenvatinib- 
related toxicities (to 8 mg or 4 mg/day or to 4 mg every other day). Sintilimab, camrelizumab, and tislelizumab, as 
immune checkpoint inhibitors (ICIs), were administered intravenously at a dose of 200 mg 0–1 day after the HAIC 
procedure that was performed every 3 weeks (Figure 1B). A catheter/microcatheter was placed in the main feeding 
hepatic artery, and then the following regimen was administered via the hepatic artery: oxaliplatin 135 mg/m2 from 0–2 
h on day 1; leucovorin 400 mg/m2 from 2–3 h on day 1; 5-fluorouracil 400 mg/m2 bolus at 3 h; 2400 mg/m2 over 46 h on 
days 1 and 2.21 After HAIC was completed, the catheter and sheath were removed. Repetitive catheterization was 
performed in the next HAIC cycle, which was discontinued after six cycles, and patients were treated with lenvatinib and 
PD-1 maintenance. In addition, when a patient becomes operable due to tumor shrinkage, the decision of surgery is made 
by the patient.

Blood Assessment for Procalcitonin (PCT) and Determination of the Cutoff Value
PCT concentration was determined before the first cycle of the combined treatment using a chemiluminescent enzyme 
immunoassay. The cutoff value was defined using the software X tile.24 A blood culture was carried out for patients with 
PCT value >0.5 ng/mL to confirm the lack of active infectious.

Follow-Up
The primary endpoint was progression-free survival (PFS), defined as the time from the commencement of lenvatinib to 
progression, according to modified RECIST (mRECIST) and criteria or death from any cause, whichever occurred first. 
The secondary endpoints were OS, defined as the time from the commencement of lenvatinib to death from any cause, 
and the objective response rate (ORR), defined as the proportion of patients with complete response or partial response 
from the first radiological confirmation of that rate, and the disease control rate (DCR), defined as the proportion of 
patients with ORR plus stable disease. The duration of response (DOR) is the time from the first recorded complete or 
partial response to disease progression or death. The DCR and ORR were evaluated according to RECIST version 1.1 
and mRECIST. The adverse events were assessed according to the National Cancer Institute Common Terminology 
Criteria for Adverse Events version 4.03. Telephone follow-up and outpatient interviews were continued and ended on 

Figure 1 (A) Flowchart of the patient cohort. (B) The schema of the combination therapy.
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March 1, 2023. In case of patients out of contact during the follow-up, the OS was calculated as the time from the 
diagnosis to the last follow-up.

Statistical Analysis
R programming language and SPSS 26.0 were used for statistical analyses. The OS, PFS, and DOR were evaluated using 
the Kaplan–Meier method and Log rank test, with p<0.05 defined as a statistically significant difference. Cox propor-
tional risk regression model was used for univariate and multivariate analyses. Post-univariate analysis, variables with 
p<0.2 were selected for multivariate analysis; p<0.05 indicated a statistically significant difference.

Results
Patients
Between February 2020 and July 2023, 97 patients with high-risk features were enrolled in this retrospective cohort 
study. The cutoff date was March 1, 2023, and the median follow-up was 447 days. The characteristics of the patients are 
listed in Table 1. The cohort comprised 85 females and 12 males with a mean age of 57 years (range 38–76 years). The 
median tumor size was 12.7cm (range 1.9–23.2cm). About 82.5% (80/97) of cases were Child-Pugh A, and the remaining 
were Child-Pugh B. Then, 87.6% (85/97) of patients had an underlying chronic liver disease caused by hepatitis B virus 
infection, and all these patients received antiviral therapy. In the cohort, 31 patients presented TO≥50%, 52 patients had 

Table 1 Baseline Characteristics of 97 Patients

Characteristics Patients

Gender
Male 85 (87.6)

Female 12 (12.4)

Age
Median 57 (38–76)

ECOG score

0 72 (74.2)
1 21 (21.7)

2 4 (4.1)

Child-Pugh
A 80 (82.5)

B 17 (17.5)

Viral status
Uninfected 10 (10.3)

HBV 85 (87.6)

HCV 2 (2.1)
Tumor size, cm

Median (IQR) 12.7 (8.3–16.7)

Portal vein invasion
Absent 15 (14.4)

Present 82 (84.6)

VP1-2 3 (3.1)
VP3 14 (14.4)

VP4 65 (67.1)

Venous invasion
Absent 72 (74.2)

Present 25 (25.8)

Extrahepatic spread
Absent 66 (68.1)

Present 31 (31.9)

(Continued)
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Vp4, and 14 patients were accompanied with TO≥50% and Vp4. 32.0% (31/97) of patients had extrahepatic spread. All 
97 patients received triple combination therapy with lenvatinib and ICIs plus HAIC. Among these patients, 57, 25, and 
15 patients were treated with camrelizumab, tislelizumab, and sintilimab, respectively.

In this study, 97 patients were treated with 375 cycles of HAIC (median four cycles). Dose adjustment of lenvatinib 
was observed in 17 patients, but none discontinued the target drugs. On the cutoff date, 65 patients developed disease 
progression, 8 did not receive second-line-treatment due to refused or impaired liver function, and 57 patients 
received second-line and local treatment, including transarterial chemoembolization (TACE) (number 28), radiotherapy 
(number 5), and systematic treatment (regorafenib monotherapy (number 24), regorafenib combined with other PD-1 
antibody (number 26), other PD-1 or PD-L1 antibody monotherapy (number 5), and atezolizumab plus bevacizumab 
(number 2)). Notably, 8 patients underwent surgical resection after the combined treatment.

Efficacy
At the time of analysis, 65 patients had disease progression, and 39 were deceased. The median PFS was 295 days (95% CI: 
248.5–341.5) (Figure 2A), and the median OS was 579 days (95% CI: 372.5–785.5) (Figure 2B). The tumor response is 
shown in Table 2. The median DOR was 363 days (95% CI: 243.7–482.3) (Figure 2C), and the intrahepatic DOR was 462 
days (95% CI: 323.7–600.2) (Figure 2D). According to RECIST 1.1 and mRECIST, the ORR was 64.9% and 78.3%, 
respectively, and the DCR was 92.8%. For the intrahepatic tumors, according to RECIST 1.1 and mRECIST, the ORR was 
67.0% and 81.4%, respectively, and the DCR was 96.9% (Table 2). In addition, 18 patients achieved a complete response of 
intrahepatic lesions based on mRECIST. The imaging scans of 48 representative participants are shown in Supplement 1: 
Figures 1S–48S. The median OS for patients with albumin-bilirubin (ALBI) grade 1 was not reached, and 445 days for the 
patients with ALBI grade 2, with no significant difference between the two groups (HR:0.56, 95% CI:0.30–1.05, p=0.075) 
(Figure 3A). The median OS for patients with body mass index (BMI)>25 and BMI≤25 was 675 and 480 days, respectively, 
with no significant difference between the two groups (HR: 0.69, 95% CI: 0.35–1.34, p=0.27) (Figure 3B). The median OS of 
patients with VP4, TO≥50%, and VP4+ TO≥50% was 450 days and 367 days, respectively (p=0.13) (Figure 3C). Moreover, 
the median OS was 651 days for patients without metastases compared to 367 days for patients with metastases, indicating 
a statistically significant difference between the two subgroups (HR: 0.37, 95% CI: 0.18–0.77, p=0.0084) (Figure 3D). The 
median OS was 579 days in patients with Child-Pugh A and 336 days in patients with Child-Pugh B, with a significant 
difference (HR:0.38, 95% CI: 0.16–0.89, p=0.026) (Figure 3E). In addition to various PD-1 agents, the median OS with 

Table 1 (Continued). 

Characteristics Patients

AFP, ng/mL

≤400 29 (29.9)
>400 68 (70.1)

High-risk type

VP4 52 (53.6)
Tumor involvement >50% 31 (32.0)

Both 14 (14.4)

PD-1 inhibition agent
Camrelizumab 57 (58.7)

Tislelizumab 25 (25.8)

Sintilimab 15 (15.5)
ALBI

1 52 (53.6)

2 45 (46.4)
PCT, ng/mL

≤0.13 40 (41.3)

>0.13 57 (58.7)
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camrelizumab, tislelizumab, and sintilimab treatment was 579 days vs 508 days vs 459 days, respectively (p=0.88) 
(Figure 3F). The median time to achieve response was 52 days, and the reductions in tumor size are shown Figure 4.

Factors Associated with PFS and OS
Univariate analysis found that age, ALBI grade, Child-Pugh class, extrahepatic metastasis, Vp4, TO≥50%, and the PCT 
value were associated with PFS. In multivariate analysis, high PCT value (HR: 2.397, 95% CI: 1.325–4.334, p=0.004), 

Figure 2 Kaplan–Meier curves of PFS ((A) n=97), OS ((B) n=97), DOR ((C) n=76), and intrahepatic DOR ((D) n=79).

Table 2 Summary of Best Response

RECIST mRECIST

Overall Response
Complete response 0 16 (16.5)

Partial response 63 (64.9) 60 (61.9)

Stable disease 27 (27.9) 14 (14.4)
Progressive disease 7 (7.2) 7 (7.2)

Objective response rate 63 (64.9) 76 (78.3)
Disease control rate 90 (92.8) 90 (92.8)

Intrahepatic Response
Complete response 0 18 (18.5)
Partial response 65 (67.0) 61 (62.9)

Stable disease 29 (29.9) 15 (15.5)

Progressive disease 3 (3.1) 3 (3.1)
Objective response rate 61 (67.0) 79 (81.4)

Disease control rate 94 (96.9) 94 (96.9)
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ALBI Grade 2 (HR: 1.748, 95% CI: 1.028–2.972, p=0.039) were independent predictors associated with reduced PFS 
(Table 3). Univariate analysis found that Child-Pugh class, gender, ALBI grade, TO≥50%, extrahepatic metastasis, and 
PCT value were associated with OS. In multivariate analysis high PCT value (HR: 3.788, 95% CI:1.776–8.079, p=0.006) 
was an independent predictor associated with reduced OS (Table 4).

Safety
No treatment-related deaths were recorded in this study. A total of 84 (86.6%) patients showed treatment-related adverse 
events (TRAEs) of any grade (Table 5). The most common TRAEs were hypertension (53.6%), thrombocytopenia 
(44.3%), fatigue (44.3%), elevated ALT (63.9%), elevated AST (67.0%), hypothyroidism (37.1%), and abdominal pain 
(43.3%). Treatment-related grade 3 or 4 adverse events occurred in 64 (65.9%) patients, and the most common events 
were hypertension (9.3%), thrombocytopenia (7.2%), and elevated AST (7.2%). Serious adverse events occurred in 8 
patients, 6 had gastrointestinal bleeding, and 2 cases of cerebral hemorrhage caused by hypertension were observed.

Figure 3 Kaplan-Meier plots show percent OS categorized by (A) ALBI, (B) BMI, (C) High-risk type, (D) Metastasis, (E) Child-Pugh class, and (F) PD-1 agents, with 
numbers at risk shown below the graph.

Figure 4 Percentage changes from baseline. (A) Best percentage change from baseline in intrahepatic target lesion per RECIST 1.1. The dashed line at 30% change 
represents the partial response. (B) Best percentage change from baseline in intrahepatic target lesion per mRECIST. The dashed line at 30% change represents the partial 
response.
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Immune-related adverse events of any grade were observed in 35 (36.1%) participants, and the most common was 
hypothyroidism (22/97, 22.7%). Immune-related hepatitis and pneumonitis occurred in 4 and 2 patients, respectively. All 
immune-related adverse events disappeared after participants stopped ICIs and received glucocorticoid therapy. On the 
cutoff date, 3 patients discontinued the ICIs due to repeat immune-related adverse events after rechallenge with the ICIs.

In addition, specific abdominal pain associated with oxaliplatin infusion occurred in 18 (25.4%) patients during the 
HAIC procedure. This pain could be acute and severe but was quickly relieved by infusing lidocaine via microcatheter.

Furthermore, we found that the spleen volume of 21 patients increased significantly during the treatment compared to 
the baseline (Supplement 2: Figures 1S–12S). Among the 21 patients, 14 were treated with partial splenic embolization.

Survival Analysis According to PCT
Next, we conducted Kaplan–Meier analysis according to the baseline PCT status. Based on the X-tile software results, the 
optimal cutoff value of PCT was set as 0.13 ng/mL. Among the 97 patients, 14 had a PCT value >0.5ng/mL, but the 
blood culture was negative. Our results showed that the median OS of high PCT value (>0.13ng/mL) and low PCT value 
(≤0.13ng/mL) was 426 days and not reached, respectively, with a significant difference (HR:3.33, 95% CI: 1.75–6.32, 
p=0.0021) (Figure 5A). The median PFS of HCC with a high PCT value was significantly lower than that with a low PCT 
value (256 days vs 500 days, HR: 2.63, 95% CI: 1.60–4.32, p=0.0001) (Figure 5B).

Table 3 Univariable and Multivariable Analyses of Covariates Associated with PFS

Variables Univariable Analysis Multivariable Analysis

HR 95% CI P-value HR 95% CI p-value

Gender (Male vs Female) 0.679 0.345–1.337 0.263

Age (<60 vs ≥60) 0.574 0.338–0.976 0.041 0.632 0.371–1.076 0.091
AFP (≤400 vs.>400 ng/mL) 0.926 0.555–1.545 0.769

Child-Pugh class (A vs B) 1.642 0.919–2.932 0.094 0.695 0.345–1.401 0.309

ALBI (Grade 1 vs Grade 2) 1.800 1.100–2.945 0.019 1.748 1.028–2.972 0.039
HBV infected (No vs Yes) 1.168 0.553–2.464 0.684

Extrahepatic metastasis (No vs Yes) 2.013 1.209–3.352 0.007 1.670 0.977–2.853 0.061

Vp4 (No vs Yes) 0.674 0.402–1.131 0.135 1.132 0.521–2.456 0.755
TO≥50% (No vs Yes) 1.910 1.166–3.129 0.010 1.590 0.752–3.361 0.225

PCT (≤0.13 vs.>0.13 ng/mL) 2.272 1.598–4.654 0.001 2.397 1.325–4.334 0.004

Note: Bold text indicates variable with p<0.05.

Table 4 Univariable and Multivariable Analyses of Covariables Associated with OS

Variable Univariable Analysis Multivariable Analysis

HR 95% CI p-value HR 95% CI p-value

Gender (Male vs Female) 0.392 0.179–0.856 0.019 0.287 0.121–0.676 0.004
Age (<60 vs ≥60) 0.735 0.377–1.431 0.365
AFP (≤400 vs.>400 ng/mL) 0.928 0.483–1.783 0.822

Child-Pugh class (A vs B) 2.128 1.076–4.207 0.030 0.955 0.410–2.225 0.915

ALBI (Grade 1 vs Grade 2) 1.784 0.935–3.402 0.079 1.810 0.849–3.855 0.124
HBV infected (No vs Yes) 0.754 0.329–1.172 0.503

Extrahepatic metastasis (No vs Yes) 2.307 1.217–4.373 0.010 1.916 0.951–3.859 0.069

Vp4 (No vs Yes) 0.914 0.450–1.854 0.803
TO≥50% (No vs Yes) 1.667 0.882–3.149 0.115 1.134 0.547–2.351 0.735

PCT (≤0.13 vs.>0.13 ng/mL) 3.788 1.776–8.079 0.001 3.226 1.396–7.451 0.006

Note: Bold text indicates variable with p<0.05.
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Discussion
Hepatocellular carcinoma (HCC) is the third leading cause of cancer25 and has been estimated to be 72% of cases of 
HCC in Asia and >50% of cases in China.3 Most patients present advanced, unresectable disease, with a poor 5-year 
survival probability of approximately 10–18%.4,5,26 High-risk HCC patients with tumor thrombus in the main portal vein 
trunk or high tumor burden, especially those with ≥50% liver occupancy, are common in China and have a poor 
prognosis.27,28

Table 5 Treatment-Related Adverse Events

Adverse Event* Any Grade Grade 1–2 Grade 3–4

Neutropenia 35 (36.1%) 30 (30.9%) 5 (5.2%)
Anemia 13 (13.4%) 11 (11.3%) 2 (2.1%)

Thrombocytopenia 43 (44.3%) 36 (37.1%) 7 (7.2%)

Fatigue 43 (44.3%) 40 (41.2%) 3 (3.1%)
Hypertension 52 (53.6%) 43 (44.3%) 9 (9.3%)

Weight loss 38 (39.2%) 36 (37.1%) 2 (2.1%)

Hypothyroidism 36 (37.1%) 33 (34.0%) 3 (3.1%)
Hand foot skin reaction 10 (10.3%) 9 (9.3%) 1 (1.0%)

Rash 18 (18.6%) 13 (13.4%) 5 (5.2%)
Vomiting 30 (30.9%) 25 (25.7%) 5 (5.2%)

Diarrhea 32 (33.0%) 28 (28.9%) 4 (4.1%)

Abdominal pain 42 (43.3%) 41 (42.3%) 1 (1.0%)
Proteinuria 29 (29.9%) 24 (24.8%) 5 (5.1%)

Elevated ALT 62 (63.9%) 55 (56.7%) 7 (7.2%)

Elevated AST 65 (67.0%) 57 (58.8%) 8 (8.2%)
Hyperbilirubinemia 23 (23.7%) 18 (18.6%) 5 (5.1%)

Hypoalbuminemia 28 (28.9%) 25 (25.8%) 3 (3.1%)

Sensory neuropathy 11 (11.3%) 11 (11.3%) 0
Decreased appetite 27 (27.8%) 24 (24.7%) 3 (3.1%)

Elevated creatinine 18 (18.6%) 14 (14.5%) 4 (4.1%)

Immune-related hepatitis 4 (4.1%) 2 (2.1%) 1 (1.0%)
Immune-related pneumonitis 2 (2.1%) 0 2 (2.1%)

Immune-related dermatitis 8 (8.2%) 7 (7.2%) 2 (1.0%)

Note: *Listed are adverse events, as defined by the National Cancer Institute Common 
Terminology Criteria (version 4.03).

Figure 5 The levels of PCT before the treatment might be a predictive biomarker for the efficacy of combination therapy. Kaplan–Meier curves of PFS (A) and OS (B) 
between high- and low-PCT groups.
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Systemic therapy, such as lenvatinib or atezolizumab plus bevacizumab, is the standard treatment for advanced 
unresectable HCC. However, since high-risk HCC patients were excluded in the REFLECT trial and KEYNOTE-524, the 
safety and efficacy of lenvatinib in high-risk patients are yet to be determined.29 Furthermore, IMbrave150 showed that 
atezolizumab plus bevacizumab has limited benefit in high-risk patients with a median OS of 7.6 months. The therapeutic 
procedures for HCC patients with high risk are limited.

In 2021, the phase III trial FOHAIC-1 proved that HAIC has a higher efficacy and better survival outcome than 
sorafenib, and the subgroup analysis showed that HAIC achieved better OS and PFS than sorafenib in high-risk patients 
(10.8 vs 5.7 months, 7.7 vs 2.9 months).21 Another Phase II trial compared the efficacy and safety of sorafenib plus 
HAIC vs sorafenib alone for advanced HCC with major portal vein tumor thrombosis (Vp4 and Vp3).30 The median OS 
was 16.3 months with sorafenib plus HAIC and 6.5 months with sorafenib alone, along with a higher ORR (41% vs 3%) 
and a longer median PFS 9.0 vs 2.5 months. These two clinical trials demonstrated that HAIC has significant benefits for 
high-risk HCC patients. Recently, a Japanese study demonstrated that lenvatinib is beneficial in high-risk patients.31 The 
mPFS and mOS were 132 days and 229 days, 101 days and 201 days in patients with TO≥50% and Vp4, respectively. In 
addition, a recent study showed that lenvatinib plus PD-1 provides survival benefits in patients with Vp4 and TO≥50%.32 

The median OS was 6.1 months for patients with TO≥50% and 11.39 months for patients with Vp4. On the other hand, 
patients with TO≥50% had significantly poor PFS, ORR, and OS. Therefore, locoregional treatments were recommended 
for patients with TO≥50% during systemic therapy. In the present study, we investigated the clinical benefits of lenvatinib 
combined with PD-1 and HAIC therapy in high-risk patients. To the best of our knowledge, this is the largest study, 
consisting of 97 patients with high-risk features, evaluating the applicability of the combined treatment in real-world. The 
median PFS was 295 days, and the median OS was 579 days. The ORR was 78.3% according to mRECIST and 64.9% 
according to RECIST 1.1. Notably, 16.5% showed a complete response of all lesions, and 18.5% exhibited a complete 
response of intrahepatic target lesions according to the mRECIST criteria. In addition, the combined treatment was 
effective in different high-risk types. The median OS of patients with Vp4 and TO≥50% was not reached and 450 days, 
respectively; also, Vp4+TO≥50% achieved an OS of 367 days. Furthermore, the median size of maximum tumor of 
patients enrolled in our study was 12.7cm, and 81.5% (79/97) patients had major portal vein tumor thrombosis (65 Vp4, 
14 Vp3), which might have a poor prognosis. However, the median PFS, OS, and ORR in the present study were better 
than those in patients with early staging and low tumor burden receiving standard first-line systemic treatment.

A tolerable safety profile was observed with combination therapy in this study. A total of 84 (93.3%) patients showed 
TRAEs of any grade. Treatment-related grade 3 or 4 adverse events occurred in 64 (71.1%) patients, and the most 
common events were hypertension (10.0%), thrombocytopenia (7.8%), and elevated AST (8.9%). Serious adverse events 
occurred in 8 patients, 6 had gastrointestinal bleeding, and 2 presented cerebral hemorrhage caused by hypertension. In 
addition, we found that during the treatment procedure, the spleen size of some patients increased significantly compared 
to the baseline. Previous studies have demonstrated that oxaliplatin induces sinusoidal obstruction syndrome (SOS), 
leading to portal hypertension, fluid retention, and hyperbilirubinemia, aggravating the deterioration of liver function. On 
the other hand, increasing spleen size serves as a biomarker for the risk of oxaliplatin-induced hepatic sinusoidal injury.33 

Regarding SOS, some points are crucial: (1) SOS should be considered in addition to chemotherapy drugs for patients 
with thrombocytopenia. In the current department, partial splenic embolization was performed for patients with 
refractory thrombocytopenia or significantly increased spleen size from the baseline. However, the long-term effects 
are yet to be determined. (2) Many patients in this study developed abnormal liver function while the tumors were well- 
controlled; hence, the liver damage due to lenvatinib and ICIs should be excluded, and SOS and termination of 
oxaliplatin should be included. In the present study, 5 patients discontinued HAIC because of severe abnormal liver 
function, while the intrahepatic tumors were well-controlled. Therefore, HAIC has a maximum of six cycles in the 
current study.

Biomarkers that predict the efficacy of systematic immunotherapy in HCC are yet to be determined.34–36 Serum 
C-reactive protein (CRP) is a biomarker of an acute inflammatory response and has been successfully used as 
a prognostic predictor for several malignancies. A recent study demonstrated the prognostic value of pretreatment 
serum CRP levels for advanced HCC patients and treatment with PD-1 inhibitors.37 In addition, Scheiner et al developed 
a novel prognostic score termed “CRAFITY” based on serum CRP and alpha-fetoprotein levels that predicts the 
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outcomes of HCC patients receiving atezolizumab plus bevacizumab.38 PCT has been considered an excellent marker of 
bacterial infection and acute inflammation for over two decades. Currently, some studies reported for the first time that 
PCT is a prognostic factor in lung cancer patients receiving ICIs.39 Therefore, we speculated whether PCT, an indicator 
of inflammation, also predicts the efficacy of immunotherapy. Our results showed that the OS and PFS of HCC with low 
PCT value were significantly higher than those with high PCT value (not reach vs.426 days, p=0.0021, 500 days vs 256 
days, p=0.0001). Additionally, the pretreatment level of serum PCT was an independent predictor associated with 
reduced PFS and OS. To the best of our knowledge, no study has reported an association between serum PCT levels 
and prognosis in HCC. Further research is needed to determine the specificity of PCT in patients with HCC, explore the 
potential value of PCT to monitor the response to treatment and predict prognosis.

Nevertheless, the present study has some limitations, including its retrospective nature. First, although this is the 
largest study evaluating high-risk HCC patients, the number of analyzed patients was not large enough. Second, this was 
a single-arm design, limited by the lack of a control group. Currently, we are collecting the patients who use lenvatinib 
monotherapy or lenvatinib combined with ICIs as the control group. Third, the follow-up was short because an 
insufficient number of OS events were observed. A total of 58 patients were alive at the last time point cutoff, and the 
long-term survival data are yet lacking. In addition, sintilimab, camrelizumab and tislelizumab are three PD-1 inhibitors 
that have been approved by China Food and Drug Administration (CFDA) for HCC treatment.14,40,41 In this study, 
patients received treatment regimens that included one of the three different PD-1 inhibitors. This is a confounding factor 
that may cause bias. However, in subgroup analysis, the three PD-1 drugs combined respectively with HAIC and 
lenvatinib have no significant difference in overall survival in high-risk patients. In the era of immuno-combined therapy, 
we will further explore the efficacy of lenvatinib, HAIC combined with a certain kind of ICI in HCC patients. However, 
our findings highlighted the short-term efficacy (ORR and PFS) of HAIC combination with lenvatinib plus PD-1 
inhibitors in high-risk HCC patients. Future prospective studies are required to address our findings by evaluating 
many patients in a multicenter setting using the same protocols.

In conclusion, HAIC combined with lenvatinib plus PD-1 has a promising efficacy in high-risk HCC patients. 
Furthermore, this combination therapy is well-tolerated and could be a treatment option for this patient group. The levels 
of serum PCT might be the predictive biomarkers for triple combination therapy.
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