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Abstract
Background: Programmed cell death protein-1 inhibitors combined with lenvatinib have become a popular treatment option for

patients with unresectable hepatocellular carcinoma. Transarterial chemoembolization combined with programmed cell death

protein-1 inhibitors and lenvatinib has also shown preliminary efficacy in the unresectable hepatocellular carcinoma. We con-

ducted this observational, retrospective, cohort study to compare the clinical outcomes and safety of transarterial chemoembo-

lization combined with programmed cell death protein-1 inhibitors plus lenvatinib versus programmed cell death protein-1

inhibitors plus lenvatinib in patients with unresectable hepatocellular carcinoma. Methods: Between November 2019 and

November 2021, patients who were diagnosed with unresectable hepatocellular carcinoma and received transarterial chemoem-

bolization combined with programmed cell death protein-1 inhibitors plus lenvatinib or programmed cell death protein-1 inhib-

itors plus lenvatinib treatment were reviewed for eligibility. The primary endpoints included objective response rate, overall

survival, and progression-free survival. The secondary endpoint was the frequency of key adverse events. Results: In total,

105 patients were eligible for the present study, and they were divided into the transarterial chemoembolization combined

with programmed cell death protein-1 inhibitors plus lenvatinib group (n= 46) and the programmed cell death protein-1 inhib-

itors plus lenvatinib group (n= 59). The patient cohort after a one-to-one propensity score matching (n= 86) was also analyzed.

The transarterial chemoembolization combined with programmed cell death protein-1 inhibitors plus lenvatinib group had a

higher objective response rate both in the patient cohort before propensity score matching (54.3% vs 25.4%, P= .002) and

after propensity score matching (55.8% vs 30.2%, P= .017). The patients in the transarterial chemoembolization combined

with programmed cell death protein-1 inhibitors plus lenvatinib group had prolonged overall survival (median, 20.5 vs 12.6

months, P= .015) and progression-free survival (median, 10.2 vs 7.4 months, P= .035). For patient cohort- propensity score

matching, the overall survival (20.5 vs 12.8 months, P= .013) and progression-free survival (12.1 vs 7.8 months, P= .030)

were also significantly better in the transarterial chemoembolization combined with programmed cell death protein-1 inhibitors

plus lenvatinib group than in the programmed cell death protein-1 inhibitors plus lenvatinib group. There were no significant dif-

ferences between the 2 groups concerning adverse reactions caused by immunotherapy and lenvatinib. The adverse reactions

caused by transarterial chemoembolization were transient and were quickly reversed. Conclusions: Compared to programmed

cell death protein-1 inhibitors plus lenvatinib, transarterial chemoembolization combined with programmed cell death protein-1
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inhibitors plus lenvatinib may provide better treatment response and survival benefits for patients with unresectable hepatocel-

lular carcinoma, and the adverse events were manageable.
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Introduction
Liver cancer remains a global health challenge, with an esti-
mated incidence of 1.4 million cases by the year 2040.1,2

Hepatocellular carcinoma (HCC), the most prevalent type of
primary liver cancer, ranks sixth in terms of incidence among
malignancies and is the third leading cause of cancer-related
death globally.3

Approximately 70% of patients with HCC are unable to
undergo radical resection due to late-stage diagnosis and liver
dysfunction, which results in poor survival.4,5 According to
the new Barcelona Clinic Liver Cancer (BCLC) staging
system, patients in the BCLC-B stage with extensive bilobar
liver involvement and BCLC-C stage are recommended to
receive systemic therapy.6 Lenvatinib, a novel multitargeted
tyrosine kinase inhibitor (TKI) that targets VEGFR 1-3, fibro-
blast growth factor receptor 1-4, PDGFR, RET, and KIT,7

gained approval in 2018 for the first-line treatment of unresect-
able HCC (uHCC) based on the phase III REFLECT study.8

Recently, immune checkpoint inhibitors, including pro-
grammed death 1 (PD-1) and programmed death ligand 1
(PD-L1) inhibitors, have exhibited a promising clinical
benefit to uHCC patients.9,10 However, the efficacy of mono-
therapy with either TKIs or PD-1 inhibitors is modest, combina-
tion treatment strategies are critical to improving treatment
efficacy for uHCC. In an open-label multicenter study, lenvati-
nib plus pembrolizumab showed a median overall survival (OS)
of 22 months and a median progression-free survival (PFS) of
8.6 months in patients with uHCC.11 PD-1 inhibitors combined
with lenvatinib show excellent antitumor effects and have
become a popular treatment option for uHCC.

In addition to pharmacological combinations, locoregional
therapies can be used as adjunct treatments for uHCC.
Transarterial chemoembolization (TACE), the most common
nonsurgical treatment for HCC, combined with PD-1 inhibitors
and lenvatinib has shown preliminary efficacy in the
uHCC.12,13 However, all of these studies are one-armed, and
a comparison of the efficacy and safety of PD-1 inhibitors

plus lenvatinib versus those of TACE combined with PD-1
inhibitors plus lenvatinib in the treatment of uHCC has not pre-
viously been conducted. Therefore, this retrospective study was
designed to compare the clinical outcomes and safety of
patients with uHCC who received TACE combined with
PD-1 inhibitors plus lenvatinib (TPL) versus those who
received PD-1 inhibitors plus lenvatinib (PL) to provide a refer-
ence for the treatment of uHCC.

Materials and Methods

Study Design and Patients Selection
The study was designed as an observational, retrospective,
cohort study. The reporting of this study conforms to
STROBE guidelines.14 Between November 2019 and
November 2021, 152 consecutive patients with uHCC who
received TPL or PL at the Fourth Hospital of Hebei Medical
University with accessible baseline data were included in a ret-
rospective analysis. We have de-identified all patient details.
The study was reviewed and approved by the Institutional
Review Board of the Fourth Hospital of Hebei Medical
University. Patients were included based on the following crite-
ria: (1) age ≥18 years; (2) patients were diagnosed with uHCC
through imaging or pathology according to the AASLD practice
guidelines15; (3) eligible patients had not previously received
systemic treatment for HCC, and patients who had progressed
after surgery, TACE, or radiofrequency ablation were also
enrolled. No other cancer-related therapies were involved
during TPL or PL; (4) patients in BCLC stage B or C were
included, and the BCLC B patients must have extensive
bilobar liver involvement, which cannot be entirely cured by
TACE; (5) Child-Pugh was classified as A or B; (6) Eastern
Cooperative Oncology Group (ECOG) performance status
score≤ 1; (7) at least one measurable target nodule according
to the modified Response Evaluation Criteria in Solid Tumors
(mRECIST)16; (8) no other malignant tumors were diagnosed;
(9) acceptable heart, kidney, and bone marrow function; and
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(10) complete medical and follow-up data were available. All
laboratory serum test data were collected within 3 days before
initiating treatment. Abdominal and chest imaging evaluation,
including enhanced computed tomography (CT) or magnetic
resonance imaging (MRI), was performed within a week of
treatment initiation.

Treatment Procedure
Lenvatinib (Eisai Co., Ltd) was taken orally (8-12 mg accord-
ing to body weight). Standard doses of the PD-1 inhibitors,
pembrolizumab 200 mg, camrelizumab 200 mg, sintilimab
200 mg, were given intravenously every 3 weeks. The first
use of PD-1 inhibitors was within 7 days of initiation of lenva-
tinib. For the TPL group, the patients received TACE treat-
ment prior to combination drug treatment. A 5F-Yashiro
vascular sheath was inserted following percutaneous femoral
artery puncture using the Seldinger technique.17 The tip of
the catheter was inserted into tumor-feeding arteries according
to tumor size, location, and arterial supply. Based on the angi-
ography results, chemotherapy drugs, such as epirubicin, ralti-
trexed, and oxaliplatin, were infused into the target arteries.
Then, embolization was conducted using lipiodol, or varying
diameter microspheres, and the trunk was embolized using
an absorbable gelatin sponge until the bleeding stopped.
TACE was repeated “on demand” upon the presence of
active lesions by follow-up CT or MRI in patients with ade-
quate liver function and good performance status. Treatment
was discontinued if patients experienced intolerable adverse
effects, disease progression, or required changes in the treat-
ment plan.

According to the principle of intent-to-treat, patients were
informed of any potential side effects and the cost of long-term
treatment before treatment. The treatment protocols were
reviewed by the attending physician and the final decision on
receiving which therapeutic regime was made by the patients.

Outcomes and Assessments
The primary endpoints were objective response rate (ORR),
OS, and PFS. In the present study, objective tumor response
was evaluated using CT or MRI scans repeated every 2 or 3
cycles of combined treatment of PD-1 inhibitors and lenvati-
nib according to mRECIST. Overall survival was defined
from the date of initiation of combination therapy to the date
of death from any cause. PFS was defined from the date of
the initiation of combination therapy to the date of progression
or the date of death from any cause, whichever occurred first.
The secondary endpoint was the frequency of key adverse
events (AEs), which were evaluated using the National
Cancer Institute Common Terminology Criteria for Adverse
Events (CTCAE v5.0). The severity of AEs was evaluated
based on clinical manifestation, imaging and laboratory test,
activities of daily living, as well as whether and what kind
of treatment is needed, all of which were obtained by tele-
phone follow-up and reviewing medical records.

Statistical Analysis
Continuous data in the baseline characteristics were compared
using t tests or Mann-Whitney U tests and were described
using the mean± standard error (SE) or the median and
range. Categorical variables were compared using χ2 test or
Fisher exact test. The cumulative survival rates after initiation
of combination therapy were estimated using the
Kaplan-Meier method, followed by comparison using the
log-rank test. Any survival-related variable with P< .10 in the
univariate analysis was included in a multivariable Cox propor-
tional hazards model. Hazard risk was calculated using a Cox
proportional hazards model. A 2-tailed P< .05 was considered
statistically significant. All statistical analyses were conducted
using SPSS 25.0 (IBM Corp) or R language (v 4.1.3).

Due to the retrospective nature of present study, we conducted
a propensity score matching (PSM) analysis to reduce the influ-
ence of selection bias and potential confounding factors between
arms, and the data after PSM formed the patient cohort-PSM
(after PSM). All parameters included in PSM (age, gender,
ECOG, etiology, ALT, AST, AFP, liver cirrhosis, Child-Pugh
class, BCLC stage, size of largest nodule, tumor number, macro-
vascular invasion, extrahepatic metastasis, previous therapy, and
PD-1 Inhibitors categories). PSM analysis was performed using a
one-to-one nearest-neighbor method without replacement using
caliper widths of 0.2. A subgroup analysis comparing OS
between the 2 groups was conducted, including age, gender,
tumor size, tumor number, macrovascular invasion, extrahepatic
metastasis, BCLC stage, AFP, hepatitis, cirrhosis, and
Child-Pugh grade. To separately evaluate the predictive value
of each parameter for predicting the survival benefit, each param-
eter’s interaction term with treatment was tested.18

Results

Patient Identification and Characteristics
From November 2019 to November 2021, 152 patients with
HCC who received TPL or PL were screened. Twelve patients
received other treatments, including 10 who underwent hepatic
artery infusion chemotherapy and 2 who underwent radiother-
apy during treatment. Ten BCLC-B patients with lesions that
can be entirely cured by TACE. Six patients had missing base-
line laboratory or imaging data, and 8 patients had no data for
response assessment or survival analysis. Six patients presented
without intrahepatic lesions because of extrahepatic metastases
after HCC surgery, 3 patients were classified as Child-Pugh C,
and 2 patients were classified as BCLC stage A. A total of 105
patients who met the inclusion criteria were included in the
study, and the patients were divided into the TPL group (n=
46) and the PL group (n= 59) (Figure 1).

The clinical characteristics and treatments of 2 groups before
and after PSM are summarized in Table 1. No significant differ-
ence was observed in the baseline characteristics of the patient
cohorts before or after PSM. The mean of the largest nodule size
in the TPL group and PL group was 7.73± 3.33 cm and 8.53±
4.55 cm, respectively. The median of the largest nodule size in
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the TPL group and PL group was 6.70 cm (interquartile range
[IQR] 5.15, 9.95) and 7.20 cm (IQR 5.20, 12.00), and the P
value was .518. In the patient cohort after PSM, the mean of
the largest nodule size in the TPL group and PL group was
7.9± 3.4 cm and 8.3± 4.1 cm, respectively. The median of
the largest nodule size in the TPL group and PL group was
7.0 cm (IQR 5.2, 10.4) and 6.8 cm (IQR 5.2, 11.9), and the P
value was .809. In the TPL group, the median number of
PD-1 inhibitor plus lenvatinib cycles was 8.5 (range 1-30),
and the median number of TACE was 1 (range 1-4). In the
PL group, the cycles of PD-1 inhibitors plus lenvatinib
ranged from 1 to 28, with a median number of 7. The median
duration of lenvatinib administration was 8.7 (1.7-29.1)
months for TPL group, and 6.3 (0.7-27.2) months for PL
group (P= .150). Thirty-seven patients discontinued the treat-
ment of PD-1 inhibitors plus lenvatinib in the TPL group, 22
due to disease progression, 5 due to AE, 3 died, and 7 due to
personal reasons; In the PL group, 49 patients stopped the treat-
ment of PD-1 inhibitors plus lenvatinib for 1 of 4 reasons:
disease progression in 38 cases, adverse effects in 4, died in
1, and personal reasons in 6 (Figure 1).

Survival
The final follow-up was on October 25, 2022, and the median
follow-up time was 17.5 months (95% CI: 14.3-20.7 months). A
total of 41 (69.5%) patients in PL group and 22 (47.8%) in TPL
group had died. Patients in the TPL group had significantly
better survival outcomes than those in the PL group. The 3-, 6-,
and 12-month OS was 97.8%, 80.4%, and 62.7%, respectively,
in the TPL group, and 94.9%, 64.4%, and 49.0%, respectively,
in the PL group. The median OS was 20.5 months (95% CI:
13.5-27.5 months) in the TPL group and 12.6 months (95% CI:
8.1-17.1months) in the PL group (P= .015, hazard rate [HR]=
0.531, 95% CI: 0.315-0.894). The 3-, 6-, and 12-month PFS
was 89.1%, 69.6%, and 47.8%, respectively, in the TPL group,
and 72.9%, 52.5%, and 33.4%, respectively, in the PL group.
The median PFS was 10.2 months (5.8-14.6 months) in the TPL
group and 7.4 months (95% CI: 3.9-10.9 months) in the PL
group (P= .035, HR= 0.621, 95% CI: 0.397-0.972). The survival
curves are shown in Figure 2A and B. For patient cohort-PSM, the
OS (20.5 months vs 12.8 months, P= .013, HR= 0.494, 95% CI:
0.281-0.871) and PFS (12.1 months vs 7.8 months, P= .030, HR

Figure 1. Flow diagram summarizing the disposition process of patients.
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=0.585, 95% CI: 0.358-0.956) were also statistically significantly
better in the TPL group than in the PL group (Figure 2C and D).

Furthermore, we conducted a subgroup analysis to determine
which patients were candidates for combined local and systemic
therapy. The results showed that male patients (P= .018, HR=
0.509, 95% CI: 0.291-0.890), patients with the largest tumor
size ≥7 cm (P= .036, HR= 0.459, 95% CI: 0.221-0.952),
patients with multinodular (P= .006, HR= 0.378, 95% CI:

0.188-0.758), patients without extrahepatic metastasis (P=
.032, HR= 0.387, 95% CI: 0.162-0.923), patients in BCLC B
classification (P= .037, HR= 0.097, 95% CI: 0.011-0.871),
patients with AFP <400 U/mL (P= .049, HR= 0.369, 95%
CI: 0.136-0.997), patients with hepatitis (P= .023, HR=
0.534, 95% CI: 0.312-0.916), and patients with cirrhosis (P=
.006, HR= 0.454, 95% CI: 0.258-0.797), were more likely to
benefit from TPL treatment (Figure 3). The subgroup analysis

Table 1. Patient Baseline Clinical Characteristics of 2 Groups Before and After PSM.

Characteristic

Before PSM After PSM

TPL (n= 46) PL (n= 59) P TPL(n= 43) PL (n= 43) P

Age 55.54± 11.92 58.56± 9.82 .158a 57.07± 10.53 58.00± 10.52 .683a

Gender .678b .747b

Male 41 (89.1%) 51 (86.4%) 38 (88.4%) 37 (86.0%)
Female 5 (10.9%) 8 (13.6%) 5 (11.6%) 6 (14.0%)
ECOG .745b .651b

0 17 (37.0%) 20 (33.9%) 16 (37.2%) 14 (32.6%)
1 29 (63.0%) 39 (66.1%) 27 (62.8%) 29 (67.4%)
Etiology .838b .333b

HBV/HCV 42 (91.3%) 52 (88.1%) 39 (90.7%) 36 (83.7%)
None 4 (8.7%) 7 (11.9%) 4 (9.3%) 7 (16.3%)
ALT (U/L) 43.4 (29.4, 54.8) 34.1 (24.8, 53.1) .246c 43.1 (28.3,56.0) 34.9 (24.6,53.1) .278c

AST (U/L) 46.9 (33.8, 83.2) 53.4 (37.0, 98.8) .329c 47.7 (36.6,83.7) 51.3 (37.0,79.7) .990c

AFP (ng/mL) .172b .387b

≥400 28 (60.9%) 28 (47.5%) 25 (58.1%) 21 (48.8%)
<400 18(39.1%) 31 (52.5%) 18 (41.9%) 22 (51.2%)
Liver cirrhosis .440b .366b

Absent 6 (13.0%) 11 (18.6%) 5 (11.6%) 8 (18.6%)
Present 40 (87.0%) 48 (81.4%) 38 (88.4%) 35 (81.4%)
Child-Pugh class .429b .596b

A 38 (82.6%) 45 (76.3%) 35 (81.4%) 33 (76.7%)
B 8 (17.4%) 14 (23.7%) 8 (18.6%) 10 (23.3%)
BCLC stage .768b .776b

B 8 (17.4%) 9 (15.3%) 8 (18.6%) 7 (16.3%)
C 38 (82.6%) 50 (84.7%) 35 (81.4%) 36 (83.7%)
Tumor size .759b .829b

≥7 cm 22 (47.8%) 30 (50.8%) 22 (51.2%) 21 (48.8%)
<7 cm 24 (52.2%) 29 (49.2%) 21 (48.8%) 22 (51.2%)
Tumor number .580b 1.000b

Solitary 18 (39.1%) 20 (33.9%) 17 (39.5%) 17 (39.5%)
Multiple 28 (60.9%) 39 (66.1%) 26 (60.5%) 26 (60.5%)
Macrovascular invasion .685b .828b

Present 20 (43.5%) 28 (47.5%) 19 (44.2%) 18 (41.9%)
Absent 26 (56.5%) 31 (52.5%) 24 (55.8%) 25 (58.1%)
Extrahepatic metastasis .577b .516b

Present 24 (52.2%) 34 (57.6%) 22 (51.2%) 25 (58.1%)
Absent 22 (47.8%) 25 (42.4%) 21 (48.8%) 18 (41.9%)
Previous therapy
Surgical resection 11(23.9%) 9 (15.3%) .262b 9 (20.9%) 5 (11.6%) .243b

TACE 11 (23.9%) 15 (25.4%) .859b 11 (25.6%) 9 (20.9%) .610b

RFA 2 (4.3%) 7 (11.9%) .311b 2 (4.7%) 5 (11.6%) .430b

PD-1 inhibitors categories .184b .121b

Pembrolizumab 2 (4.3%) 7 (11.9%) 1 (2.3%) 5 (11.6%)
Camrelizumab 19 (41.3%) 29 (49.1%) 17 (39.6%) 21 (48.8%)
Sintilimab 25 (54.4%) 23 (39.0%) 25 (58.1%) 17 (39.6%)

Abbreviations: TACE, transarterial chemoembolization; PSM, propensity score matching; BCLC, Barcelona Clinic Liver Cancer; RFA, radiofrequency ablation.
aIndependent samples t test.
bChi-square test or Fisher exact test.
cMann-Whitney U test.
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of patient cohort after PSM showed a similar trend with the
patient cohort before PSM (Figure 4). In addition, all of the
parameters had no interaction with treatment in the 2 groups
whether or not it is performed PSM (Figures 3 and 4).

Tumor Response
Treatment response is summarized in Table 2. Based on
mRECIST, the ORR was higher in the TPL group (54.3%)

than that in the PL group (25.4%) (P= .002). Compared
with the PL group, the TPL group had a higher DCR (82.6
vs 64.4%; P= .038). In the patient cohort after PSM, the
ORR (55.8% vs 30.2%, P= .017) and DCR (86.0 vs
65.1%, P= .024) in the TPL group were also higher than
those in the PL group (Table 2). Representative images
from 2 patients treated with TACE combined with PD-1
inhibitors plus lenvatinib therapy before and after treatment
are shown in Figure 5.

Figure 2. Kaplan-Meier curves of survival outcomes of patients in the 2 groups before and after propensity score matching (PSM). (A) Overall
survival before PSM, (B) progression-free survival before PSM, (c) overall survival after PSM, and (D) progression-free survival after PSM.
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Prognostic Factor Analysis
In the multivariable analysis, PL was identified as an independent
risk factor for OS (P= .004, HR= 2.202; 95% CI: 1.290-3.760)
and PFS (P= .031, HR= 1.638; 95% CI: 1.045-2.566). In addi-
tion, multivariate analysis showed that patients classified as
Child-Pugh B (P= .009, HR= 2.131, 95% CI: 1.208-3.760),
patients with AFP ≥400 ng/mL (P= .017, HR= 1.882; 95%
CI:1.120-3.161) were at risk for poor OS, and classification as
Child-Pugh B (HR= 1.982, 95% CI: 1.188-3.308, P= .009)
was a risk factor for worse PFS (Table 3). In the patient cohort
after PSM, PL was also identified as an independent risk factor
for OS (P= .003, HR= 2.450; 95% CI: 1.365-4.398) and PFS
(P= .016, HR= 1.841; 95% CI: 1.119-3.029) (Table 4).

Safety
We assessed AEs for each of the 105 patients included in our
study. Adverse events are summarized in Table 5. Thirty-nine

patients (84.8%) in the TPL group and 42 patients (71.2%) in
the PL group experienced at least one AE. The vast majority
of AEs were characterized as mild and manageable, and the
most common grade ≥3 AEs were hypertension and elevated
ALT and AST. More patients in the TPL group experienced
fever (P= .002), abdominal pain (P= .000), elevated ALT
(P= .020), and elevated AST (P= .001). Among grade ≥3
AEs, more patients in the TPL experienced elevated AST
(P= .033). No toxicity-associated deaths occurred in our
sample. In the patient cohort after PSM, more any grade AEs
including fever (P= .011), abdominal pain (P= .002), elevated
ALT (P= .013) and elevated AST (P= .000) occurred in the
TPL group. There was no difference in ≥3 AE between the 2
group in the patient cohort-PSM (Table S1).

Discussion
The combination of PD-1 inhibitors and lenvatinib has been
shown to increase survival in patients with uHCC.19–21 This

Figure 3. Forest plot for overall survival of the matched cohorts of patients before propensity score matching (PSM).

Wang et al 7

https://journals.sagepub.com/doi/suppl/10.1177/15330338231166765


combination therapy strategy may enhance dendritic cell and
cytotoxic T lymphocyte activity and inhibit tumor-associated
macrophage, regulatory T-cell, and myeloid-derived suppressor
cell regulation of the immune microenvironment, thereby creat-
ing an inflammatory microenvironment associated with

relatively effective and long-lasting responses to checkpoint
inhibitors.22 Some studies have evaluated the efficacy of
TACE in combination with PD-1 inhibitors plus lenvatinib
and found that this therapeutic strategy significantly improved
survival.12,13 However, no previous studies have compared

Figure 4. Forest plot for overall survival of the matched cohorts of patients after propensity score matching (PSM).

Table 2. Therapeutic Efficacy of 2 Groups Before and After PSM.

variable

Before PSM After PSM

TPL (n= 46) PL (n= 59) Pa TPL (n= 43) PL (n= 43) Pa

CR 0 0 0 0
PR 25 15 24 13
SD 13 23 13 15
PD 8 21 6 15
ORR 54.3% 25.4% .002 55.8% 30.2% .017
DCR 82.6% 64.4% .038 86.0% 65.1% .024

Abbreviations: ORR, objective response rate; PSM, propensity score matching.
aChi-square test.
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Figure 5. Representative images of 2 patients before and after the treatment of transarterial chemoembolization (TACE) combined with PD-1
inhibitors plus Lenvatinib. A1: Imaging manifestations of a patient before the treatment, showing a massive tumor in the right lobe of the liver.
A2: Imaging manifestations of the patient after 2 TACE sessions and 4 cycles of camrelizumab plus lenvatinib, showing the tumor with partial
inactivation and shrinkage. A3: Imaging manifestations of the patient after 3TACE sessions and 8 cycles of camrelizumab plus lenvatinib,
showing the tumor with evident inactivation and shrinkage; B1: Imaging manifestations of another patient before the treatment, showing a
massive tumor in the hepatic hilar region. B2: Imaging manifestations of the patient after 2 TACE sessions and 6 cycles of sintilimab plus
lenvatinib, showing the tumor with partial inactivation and shrinkage.B3: Imaging manifestations of the patient after 3 TACE sessions and 10
cycles of sintilimab plus lenvatinib, showing the tumor was generally inactivated and obviously shrinked.

Table 3. Univariate and Multivariate Analysis of Risk Factors for Overall Survival and Progression-Free Survival Before PSM.

Characteristics

Overall survival Progression-free survival

Univariate analysis Multivariate analysis Univariate analysis
Multivariate
analysis

HR
95% CI for

HR P HR
95% CI for

HR P HR
95% CI for

HR P HR
95% CI for

HR P

Age, years (<65 vs ≥65) 0.953 0.545-1.665 .865 0.794 0.478-1.316 .371
Gender (Female vs Male) 0.982 0.465-2.071 .962 0.975 0.500-1.902 .941
Tumor size, cm (<7 vs ≥7) 1.594 0.968-2.622 .067 1.406 0.905-2.182 .129
Tumor number, (Single vs Multiple) 1.101 0.652-1.860 .718 0.975 0.620-1.532 .912
Macrovascular invasion, (No vs Yes) 1.302 0.793-2.140 .297 1.038 0.668-1.612 .869
Extrahepatic metastasis, (No vs Yes) 1.233 0.743-2.045 .418 1.421 0.907-2.227 .125
BCLC stage (Stage B vs C) 1.696 0.806-3.567 .164 1.773 0.913-3.445 .091
Child-Pugh class (Class A vs B) 2.304 1.316-4.036 .003 2.131 1.208-3.760 .009 1.944 1.166-3.243 .011 1.982 1.188-3.308 .009
ALT, U/L 1.002 0.997-1.007 .393 1.001 0.996-1.005 .725
AST, U/L 1.005 1.001-1.009 .018 1.003 0.999-1.007 .113
AFP, ng/mL (<400 vs ≥400) 1.805 1.084-3.007 .023 1.882 1.120-3.161 .017 1.433 0.922-2.227 .110
Hepatitis B/C, (No vs Yes) 1.564 0.625-3.912 .339 1.485 0.682-3.230 .319
Liver cirrhosis, (No vs Yes) 1.213 0.597-2.462 .594 1.363 0.719-2.581 .342
Treatment (PL versus TPL） 1.884 1.118-3.172 .017 2.202 1.290-3.760 .004 1.610 1.029-2.521 .037 1.638 1.045-2.566 .031

Abbreviations: TPL, transarterial chemoembolization combined with PD-1 inhibitors plus lenvatinib; PL, PD-1 inhibitors plus lenvatinib; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; AFP, alpha-fetoprotein; HR, hazard rate; CI, confidence interval; PSM, propensity score matching; BCLC,
Barcelona Clinic Liver Cancer.
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the treatment of uHCC with TACE combined with PD-1 inhib-
itors plus lenvatinib versus PD-1 inhibitors plus lenvatinib.
Therefore, we compared the 2 treatment regimens.

Our results showed that the ORR in the TPL group was
54.3%, and the mPFS and mOS were 10.2 months and 20.5
months, respectively. Li et al investigated 114 uHCC patients
who received LePD1-TACE triple therapy, the result showed
the ORR was 69.3%.12 In addition, another research on the effi-
cacy of lenvatinib-TACE in uHCC patients showed the ORR
was 68.3%.24 The ORR in our study was significantly lower
than in previous studies. One possible reason for the difference
is that the patients in our study had worse liver function, and
more patients were classified as Child-Pugh B (17.4% vs
2.6%). Another reason is that the patients enrolled in this
study had more advanced disease stages with higher propor-
tions of BCLC stage C (82.6% vs 60.5%) and extrahepatic
metastases (52.2% vs 20.2%) compared to the patients enrolled
in the previous study.12 Meanwhile, differences in the PDL1,
TMB, and MSI statuses of the patients in the 2 studies are
unknown, which may also have affected efficacy. In addition,
compared with other studies in the literature,12,13,23 the mOS
and mPFS of TACE combined with PD-1 inhibitors plus lenva-
tinib were 16.9 to 23.6m, and 7.3 to 13.3m, respectively.
However, the mOS and mPFS in our study were 20.5 months
and 10.2 months, which were in the upper range. The different
results between these studies and our data should be viewed
with caution. In the PL group, the ORR was 25.4%, and the
mOS was 12.6 months, which were lower than those observed

in the IMbrave15025 and Keynote-52411 trials. These differ-
ences may have resulted from the following factors: (1) The
patients in our study were relatively late-staged and had
worse tumor biological behaviors, with 84.7% of patients clas-
sified as BCLC C stage, 47.5% of patients exhibited macrovas-
cular invasion, and 57.6% of patients with extrahepatic
metastases; (2) Compared to 2 global clinical trials, the patients
who received PD-1 inhibitors plus lenvatinib in our study had a
worse liver function score, and 23.7% patients were in the
Child-Pugh B class; (3) Patients in our study had worse
ECOG scores, and over 60% of patients in the 2 global clinical
trials had ECOG scores of 0. In contrast, the proportion of
patients with ECOG scores of 0 in our study was only 33.9%.

Our study showed that patients with uHCC who received
TPL had higher ORR and longer survival than those who
received PL. From 2004 to 2018, the scenario of HCC manage-
ment was continuously and rapidly evolving, and the locore-
gional treatments showed an improved outcome.26 In the
latest 5 years, systemic treatment exerts a remarkable therapeu-
tic effect with the rapid development of molecular-targeted and
immuno-oncology agents in HCC. In addition, consistent with
our findings, mounting evidence has indicated the fascinating
combination of strategies involving targeted therapies, immu-
notherapies, and TACE markedly improves the clinical
outcome of patients, which may change the current landscape
of HCC management in the future. The excellent efficacy of
TPL may have resulted from the following factors: (1) Prior
studies27,28 have shown the anticancer activity of TACE in

Table 4. Univariate and Multivariate Analysis of Risk Factors for Overall Survival and Progression-Free Survival After PSM.

Characteristics

Overall survival Progression-free survival

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

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

Age, years (<65 vs ≥65) 1.265 0.695-2.302 .441 0.980 0.568-1.689 .941
Gender (Female vs Male) 0.759 0.355-1.621 .476 0.709 0.358-1.402 .323
Tumor size, cm (<7 vs ≥7) 1.381 0.795-2.398 .251 1.306 0.800-2.130 .286
Tumor number, (Single vs
Multiple)

1.074 0.608-1.897 .805 0.917 0.559-1.504 .731

Macrovascular invasion,
(No vs Yes)

1.264 0.727-2.197 .406 0.928 0.564-1.527 .769

Extrahepatic metastasis,
(No vs Yes)

1.219 0.698-2.130 .487 1.453 0.880-2.399 .144

BCLC stage (Stage B vs C) 1.677 0.754-3.731 .205 1.644 0.811-3.333 .168
Child-Pugh class (Class A
vs B)

2.667 1.440-4.940 .002 2.821 1.515-5.252 .001 2.183 1.232-3.868 .007 2.378 1.334-4.239 .003

ALT, U/L 1.000 0.993-1.006 .920 0.999 0.993-1.005 .663
AST, U/L 1.003 0.998-1.008 .258 1.001 0.996-1.006 .733
AFP, ng/mL (<400 vs
≥400)

1.982 1.121-3.504 .019 2.224 1.248-3.963 .007 1.479 0.903-2.422 .120

Hepatitis B/C, (No vs Yes) 1.509 0.597-3.813 .385 1.395 0.635-3.062 .407
Liver cirrhosis, (No vs Yes) 1.351 0.574-3.181 .491 1.435 0.683-3.013 .341
Treatment (PL versus
TPL）

2.023 1.148-3.563 .015 2.450 1.365-4.398 .003 1.710 1.046-2.796 .033 1.841 1.119-3.029 .016

Abbreviations: TPL, transarterial chemoembolization combined with PD-1 inhibitors plus lenvatinib; PL, PD-1 inhibitors plus lenvatinib; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; AFP, alpha-fetoprotein; HR, hazard rate; CI, confidence interval; PSM, propensity score matching; BCLC,
Barcelona Clinic Liver Cancer.
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intrahepatic tumors, which was attributed to local anticancer
effects; (2) TACE can cause immunogenic cell death (ICD),
resulting in the release of various tumor antigens, and subse-
quent activation of the immune response.29 In addition, chemo-
therapy such as doxorubicin and oxaliplatin in combination
with TACE can induce apoptosis, leading to ICD and
immune activation30,31; (3) TACE can cause changes in the
immune microenvironment that makes it more responsive to
immunotherapy. Pinato et al32 found that TACE was associated
with a lower density of immune-exhausted effector cytotoxic
and T-regs, with significant upregulation of pro-inflammatory
pathways. This demonstrates the pleiotropic effects of TACE
in modulating the tumor microenvironment and strengthens
the rationale for developing immunotherapy alongside TACE.
(4) Recently, a biopsy-matched study showed increased expres-
sion of hypoxia markers such as VEGF in the subgroup of
patients treated with TACE when compared to controls (P=
.046), which suggested that the hypoxic environment induced
by TACE could stimulate tumor growth.33 Lenvatinib can
inhibit the kinase activities of VEGF receptors (VEGFR-12,3)
and mitigate the upregulation of proangiogenic factors follow-
ing TACE.24 The combination of lenvatinib with TACE may
block pathogenic angiogenesis and tumor growth.34,35

Our subgroup analysis showed that patients classified as
BCLC stage B, without extrahepatic metastasis were more
likely to benefit from TPL treatment, which further confirmed
that TACE may be a locoregional approach to control intrahe-
patic lesions, but that it may not effectively manage extrahepatic
metastases. In our study, patients with multinodular were more
likely to benefit from triple therapy. Similarly, a previous retro-
spective study reported that LePD1-TACE significantly
improved survival over lenvatinib-TACE in advanced HCC

patients with tumor number > 3.23 However, in a real-world
study in China on the efficacy and safety of lenvatinib combined
with PD-1 inhibitors plus TACE for uHCC, tumor number < 3
was identified as the independent predictor of OS.12 Therefore,
the relationship between the number of intrahepatic tumors and
the efficacy of the combined treatment needs to be further inves-
tigated. For patients with the largest tumor size ≥7 cm, the TPL
treatment has a higher OS than PL, which may be explained as
TACE can more promptly and effectively combat tumors than
systemic therapy alone. Although our results show that AFP
<400 ng/mL was more likely to benefit from TPL (P= .049),
the P value in the AFP ≥400 ng/mL group was .072, which is
very close to .05; therefore, the result needs to be further
studied. Our subgroup analysis also demonstrated that male
patients, patients with hepatitis and cirrhosis showed better sur-
vival in response to TPL treatment compared with PL treatment.
The associations between outcomes and gender, hepatitis, and cir-
rhosis had large standard deviations, which indicated that larger
sample sizes are needed to further characterize these associations.
Furthermore, subgroup analysis for OS revealed that none of the
factors interacted with treatment, indicating the need for additional
research to identify the patients who are more likely to benefit from
TPL treatment.

More patients in the TPL group suffered from fever, abdominal
pain, and hepatic impairment than in the PL group. These AEs
were mainly caused by TACE treatment. However, these adverse
reactions were transient and were quickly reversed. There were
no significant differences between the 2 groups concerning
adverse reactions caused by immunotherapy and lenvatinib. In
general, there were no unexpected safety-related complications
caused by TPL treatment, which indicated that this treatment strat-
egy was safe and the associated adverse effects were manageable.

Table 5. Treatment-Related Adverse Events in the 2 Groups (Before PSM).

Adverse events

Any grade Grade≥ 3

TPL (n= 46) PL (n= 59) P TPL (n= 46) PL (n= 59) P

Rash 6 (13.0%) 6 (10.2%) .646a 1 (2.2%) 1 (1.7%) 1.000b

Pruritus 1 (2.2%) 3 (5.1%) .795a 0 (0%) 0 (0%) -
Hand-foot skin reaction 4 (8.7%) 6 (10.2%) 1.000a 0 (0%) 0 (0%) -
Fever 16 (34.8%) 6 (10.2%) .002a 0 (0%) 0 (0%) -
Abdominal Pain 19 (41.3%) 6 (10.2%) .000a 0 (0%) 0 (0%) -
Diarrhea 8 (17.4%) 10 (16.9%) .952a 2 (4.3%) 1 (1.7%) .826a

Fatigue 9 (19.6%) 12 (20.3%) .922a 0 (0%) 0 (0%) -
Nausea 6 (13.0%) 4 (6.8%) .453a 0 (0%) 0 (0%) -
Stomatitis 2 (4.3%) 4 (6.8%) .913a 0 (0%) 0 (0%) -
Hypertension 12 (26.1%) 16 (27.1%) .906a 5 (10.9%) 7 (11.9%) .874a

Hypothyroidism 3 (6.5%) 2 (3.4%) .775a 0 (0%) 0 (0%) -
Thrombocytopenia 3 (6.5%) 2 (3.4%) .775a 1 (2.2%) 1 (1.7%) 1.000b

ALT elevated 17 (36.9%) 10 (16.9%) .020a 4 (8.7%) 0 (0%) .073a

AST elevated 20 (43.5%) 8 (13.6%) .001a 5 (10.9%) 0 (0%) .033a

Syndrome of inappropriate secretion of antidiuretic hormone 1 (2.2%) 0 (0%) .438b 1 (2.2%) 0 (0%) .438b

Pneumonia 1 (2.2%) 1 (1.7%) 1.000b 1 (2.2%) 0 (0%) .438b

Abbreviation: PSM, propensity score matching.
aChi-square test.
bFisher exact test.
-, No statistical analysis.
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There were several limitations in our study. First, this was a
retrospective, single-center study. Future studies should be mul-
ticentered. Second, the sample sizes were relatively small,
which may have led to large confidence intervals and an inabil-
ity to detect clinically relevant differences between the treat-
ment regimens. Larger sample sizes are needed for stratified
analyses. Third, the PD-1 inhibitors were varied, which affected
the consistency of treatment regimens. However, the kinds of
PD-1 inhibitors in the 2 groups were well balanced; therefore,
the results should be genuine. Finally, this study did not
include pathological data, including PDL1 expression, MSI,
or TMB. Findings from this study should be further verified
by incorporating pathological indicators.

Conclusions
Based on our results, TPL was associated with significantly
better treatment responses and survival benefits compared to
PL, and the AEs were manageable. Therefore, TPL may be a
potential novel treatment option for uHCC.
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