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Abstract
Objective: We assessed the efficacy and safety of transarterial chemoembolization (TACE) in combination with lenvatinib plus

programmed death receptor-1 (PD-1) signaling inhibitors (camrelizumab or sintilimab) in unresectable hepatocellular carcinoma

(uHCC). Methods: In this retrospective study, patients with uHCC were pretreated with lenvatinib for 1 to 2 weeks before

TACE. Camrelizumab or sintilimab were initially administered intravenously in 1 week after TACE of a 21-day cycle. Primary

objectives were objective response rate (ORR) and disease control rate (DCR) by modified Response Evaluation Criteria in

Solid Tumors (mRECIST). The secondary endpoints included the progression-free survival (PFS), overall survival (OS), and tox-

icity. Results: Between March 5, 2019 and February 30, 2021, 53 patients were screened for eligibility. At data cutoff, 35.8% of

patients remained on treatment. Median follow-up was 15.4 months. Confirmed ORR in the 51 evaluable patients was 54.9%

(95% CI 41.4%-67.7%). DCR was 84.3% (95% CI 72.0%-91.8%). Median PFS was 8.5 months (95% CI 6.4 to 10.6 months).

The median OS was not estimable. Grade ≥3 treatment-related adverse events occurred in 32.1% of patients. No new safety

signals were identified. Conclusion: TACE in combination with lenvatinib plus anti-PD-1 inhibitors may have promising antitu-

mor activity in uHCC. Toxicities were manageable, with no unexpected safety signals.
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Introduction
Liver cancer is estimated to be the sixth most prevalent cancer
worldwide and the third leading cause of cancer-related
death.1 Hepatocellular carcinoma (HCC) is the major histolog-
ical subtype, accounting for 75% to 85% of liver cancers.
Despite advances in early detection, most patients present
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with advanced unresectable disease, and have a poor
prognosis.2,3

Transarterial chemoembolization (TACE) is the guideline-
recommended therapy for intermediate and advanced stage
HCC.4 However, TACE is not beneficial for all of patients
and also there is a high recurrence after TACE.5 A preclinical
study showed that TACE in combination with antiangiogenic
therapy could reduce tumor volume and vessel density when
compared with TACE alone.6 TACTICS clinical trial demon-
strated that TACE plus sorafenib, a multi-kinase inhibitor of
angiogenesis, significantly improved progression-free survival
(PFS) over TACE alone in patients with unresectable HCC
(uHCC).7

Lenvatinib, another multi-kinase inhibitor, was approved for
first-line treatment of uHCC based on the REFLECT study.8

Lenvatinib could also prolong the PFS of patients with
intermediate-stage HCC refractory to TACE.9 Immune check-
point inhibitors have shown promising results in patients with
advanced HCC. Anti-PD-1 inhibitors, pembrolizumab and
nivolumab have been approved for the therapy of HCC.10,11

Basic research studies show that lenvatinib and anti-PD-1 anti-
bodies have synergistic effects.12,13 A phase Ib trial of the com-
bination of lenvatinib and pembrolizumab as first-line therapy
in patients with uHCC demonstrated durable objective radio-
graphic responses by modified Response Evaluation Criteria
in Solid Tumors (mRECIST) in 46%.14

On the basis of these researches, we presumed that TACE in
combination with lenvatinib plus anti-PD-1 inhibitors may
achieve greater therapeutic benefits for uHCC patients.
However, the efficacy and safety of this combination strategy
have not been evaluated. So we conducted the study to assess
the efficacy and safety of TACE combined with lenvatinib
plus anti-PD-1 inhibitors for uHCC.

Methods

Ethical Statement
The trial was carried out in accordance with the International
Conference on Good Clinical Practice Standards and the
Declaration of Helsinki, as well as local laws. Documented
approval was obtained from the institutional review board of
Beijing Ditan Hospital, Capital Medical University (Grant
No. Jdlkz (2021) No. (003)-02). All participants provided
written informed consent before therapy. We have de-identified
all patient details to protect the privacy of patients.

Study Design and Patients
This is a single-center, retrospective study of TACE in combi-
nation with lenvatinib plus anti-PD-1 inhibitors camrelizumab
(Jiangsu Hengrui Pharmaceuticals Co., Ltd) or sintilimab
(Innovent Biologics, Inc.) in patients with uHCC.
Camrelizumab and sintilimab were used for clinical study.
The diagnosis of HCC was predominantly based on the image
analysis using dynamic enhanced CT or MRI. Eligible patients

were aged ≥18 years, unresectable or metastatic advanced
HCC, were classified as Barcelona Clinic Liver Cancer stage
B or C, were treatment-naive or had progressed on or were
intolerant to previous therapy, had at least one measurable
lesion as defined by modified Response Evaluation Criteria in
Solid Tumors (mRECIST), had an Eastern Cooperative
Oncology Group (ECOG) performance status of 0 or 1, had a
predicted life expectancy of greater than 12 weeks, had ade-
quate organ function, were Child-Pugh class A or B7.
Patients with chronic infections with hepatitis B virus (HBV)
or hepatitis C virus (HCV) were allowed to enroll, but were
required to start or continue a full course of standardized antiviral
therapy. Patients were excluded if tumors with 70% or higher
liver occupation, other active malignancies, symptomatic
ascites, and gastrointestinal bleeding in the past 30 days. The
patients were selected selectively according to above criteria.

Transarterial Chemoembolization (TACE)
TACE was performed on-demand according to the condition of
the tumor. First, the portal vein patency and liver blood supply
were confirmed. The participants underwent distal superselec-
tive 5-F catheterization of their tumor-feeding hepatic arteries
with Embosphere microspheres, lipiodol, and epirubicin. A
mixture of epirubicin (50 mg) (Pharmorubicin; Pfizer, Wuxi,
China) and lipiodol (5-20 ml) (Lipiodol Ultra-Fluide; André
Guerbet Laboratories, AulnaySous-Bois) was prepared for
TACE. Absorbable embosphere microspheres (300-500 mm;
Biosphere Medical Inc.) were used for embolization. TACE
was repeated at an interval of 8 or 12 weeks for participants
based on the condition of the patient and the tumor.

Lenvatinib and Anti-PD-1 Inhibitors
Patients received lenvatinib (bodyweight ≥60 kg, 12 mg;
<60 kg, 8 mg) once daily for 1 to 2 weeks before TACE.
Anti-PD-1 inhibitors (camrelizumab or sintilimab) 200 mg
were initially administered intravenously in 1 week after
TACE of a 21-day cycle based on the condition of the
patient. Lenvatinib was interrupted on the day of TACE and
several days after each session of TACE based on liver function
and the judgment of the physician.

Treatment was continued until disease progression, presence
unacceptable toxicity, or withdrawal of consent. According to
the guidelines for administration of lenvatinib, when a patient
develops grade ≥3 severe adverse events (AEs) or any unac-
ceptable grade 2 drug related AEs, the drug dose should be
reduced or the treatment interrupted until the symptom resolved
to either grade 1 or 2.

Outcomes
The primary end points were objective response rate (ORR, the
proportion of patients who achieved complete response [CR] or
partial response [PR]) and disease control rate (DCR, the pro-
portion of patients who achieved CR, PR, or stable disease as
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their best overall response). Secondary end points included
PFS, overall survival (OS) and toxicity. Duration of response
(DoR) was analyzed for patients with confirmed CR or PR.
Tumor assessment scans were performed every 6 weeks until
week 24 and then every 9 weeks. The treatment response was
evaluated in accordance with mRECIST. Safety assessments
consisted of the monitoring and recording of AEs according
to Common Terminology Criteria for Adverse Events version
4.03 (CTCAE v 4.03). The reporting of this study conforms
to STROBE guidelines.15

Statistical Analysis
The differences in the clinical characteristics between 2 groups
were assessed by Student t-test and Chi-square test. PFS and OS
were estimated using the Kaplan-Meier method and treatment
groups were compared from the log-rank test (P< .05). All statisti-
cal analyseswere performed using SPSS (version 25.0, SPSS Inc.).

Results

Patients’ Clinical Characteristics
Overall, 53 patients were enrolled in the study. At the data
cutoff date (June 30, 2021), 19 patients (35.8%) were still
receiving treatment; 34 patients (64.2%) had discontinued treat-
ment; and 36 of the 53 patients remained in survival follow-up.

Medianpatient agewas56.9 years (range, 37-75years).At base-
line, 64.2%and35.8%of patients hadECOGPSof 0 and 1, respec-
tively. BCLC stageBwas noted in 43.4%of patients and stageC in
56.6%. Child-Pugh scores of 5, 6, and 7 were reported for 35.8%,
28.3%, and 35.8% of patients, respectively. Proportions of patients
with portal vein invasion and extrahepatic metastasis at baseline
were 47.2% and 52.5%, respectively. Etiology of HCC included
hepatitis B (84.9%), hepatitis C (9.4%), and alcohol (5.7%); and
34.0% of patients had an alpha fetoprotein level ≥400 ng/mL.
About 24 patients (45.3%) had a history of treatment with other
tyrosine kinase inhibitors, and 33 patients (62.3%) had accepted
TACE treatment previously (Table 1).

Study Drug and TACE Exposure
At the time of data cutoff, median duration of lenvatinib was 6.5
months (range, 0.7-22.4 months). Median number of anti-PD-1
inhibitors (camrelizumab or sintilimab) was 8 cycles (range,
2-21 cycles). The primary reason for treatment discontinuation
was disease progression. During the study, 43 patients were
treated with TACE for only once, 10 patients were treated
with repeated TACE (8 patients for twice, 1 patient for 3
times and 1 patient for 5 times).

Table 2. Response Rates According to the Modified Response
Evaluation Criteria in Solid Tumors.

N (%)

Best response
Complete response (CR) 6 (11.3%)
Partial response (PR) 22 (41.5%)
Stable disease (SD) 15 (28.3%)
Progressive disease (PD) 8 (15.1%)
Not evaluable 2 (3.8%)
ORR (CR+ PR) 54.9% (95% CI, 41.4%-67.7%)
DCR (CR+ PR+ SD) 84.3% (95% CI, 72.0%-91.8%)
Median progression-free

survival
8.5 months (95% CI, 6.4-10.6

months).
Median duration of response 6.5 months (95% CI, 5.2-13.1

months)

Abbreviations: ORR, objective response rate; DCR, disease control rate.

Table 1. Baseline Demographic and Clinical Characteristics of
Patients.

Characteristics N (%) or median (range)

Total 53 (100%)
Age (mean± SD, years) 56.9 years (range, 37-75 years)
Lower age (≤60 years) 31 (58.5%)
Higher age (>60 years) 22 (41.5%)

Gender
Male 45 (84.9%)
Female 8 (15.1%)

Bodyweight, kg
<60 20 (37.7%)
≥60 33 (62.3%)

ECOG PS
0 34 (64.2%)
1 19 (35.8%)

AFP (ng/ml)
Low (<400) 35 (66.0%)
High (≥400) 18 (34.0%)

Liver cirrhosis
No 45 (84.9%)
Yes 8 (15.1%)

Child-pugh score
5 19 (35.8%)
6 15 (28.3%)
7 19 (35.8%)

Etiology
HBV 45 (84.9%)
HCV 5 (9.4%)
Alcohol 3 (5.7%)

Vascular invasion
No 28 (52.8%)
Yes 25 (47.2%)

Extrahepatic metastasis
Lung 10 (18.9%)
Lymph node 21 (39.6%)
Bone 6 (11.3%)
Other 5 (9.4%)

BCLC stage
B 23 (43.4%)
C 30 (56.6%)

Prior therapies
Surgery 9 (17.0%)
Ablation 29 (54.7%)
TACE 33 (62.3%)
TKIs 24 (45.3%)

PD-1 inhibitors
Camrelizumab 25 (47.2%)
Sintilimab 28 (52.8%)
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Clinical Efficacy
Efficacy data according to investigator assessment by
mRECIST are summarized in Table 2. Median duration of
follow-up was 15.4 months (95% CI, 9.5-17.9 months). In the
51 evaluable patients, CRs were observed in 6 patients
(10.5%), while 22 (38.6%) had a PR. ORR was 54.9% (95%
CI, 41.4%-67.7%). DCR was 84.3% (95% CI, 72.0%-91.8%).
ORRs were consistent across various subgroups, including
those with poor prognostic features, such as ECOG PS of 1,
portal vein invasion, high alpha fetoprotein level, second-line
treatment, and BCLC stage C. Median PFS was 8.5 months
(95% CI, 6.4-10.6 months) (Figure 1A). Median OS was not
estimable (NE) (Figure 1B). The median PFS for the patients
of first-line therapy was 11.2 months (95% CI, 6.8-15.6
months), which is longer than that of second-line therapy (6.2
months, 95% CI, 3.8-8.6 months, P= .000) (Figure 1C).
Reductions in tumor size were reported in 64.7% (33 of 51)
of evaluable patients by mRECIST (Figure 1D), and the reduc-
tions seemed to be durable. Median DoR for confirmed
responders was 6.5 months (95% CI, 5.2-13.1 months).

In the camrelizumb treatment cohort, the ORR assessed was
54.2% (95% CI 35.8%-72.1%), DCR was 72.1% (95% CI,
64.1%-93.3%). In the sintilimab cohort, the ORR was 55.6%
(95% CI, 37.3%-72.4%), DCR was 72.4% (95% CI,

67.5%-94.1%). The median PFS was both 8.0 months in cam-
relizumab (95% CI, 5.0-10.3 months) and sintilimab (95% CI,
5.8-9.8 months) group.

Safety
Treatment-related AEs are summarized in Table 3. Most
patients (96%) experienced a treatment-related AE. The most
common any-grade treatment-related AEs were aspartate ami-
notransferase elevation (50.9%), hypothyroidism (49.1%),
alanine aminotransferase elevation (47.2%), pyrexia (45.3%),
proteinuria (34%), and hypertension (24.5%). Grade ≥3
treatment-related AEs occurred in 32.1% of patients. The
most common were total bilirubin elevation (7.5%), increased
aspartate aminotransferase (5.7%), and hypertension (5.7%).
Lipase elevation was the only grade 4 treatment-related AE (2
of 53).

During the study, 2 patients (3.8%) died of upper gastroin-
testinal bleeding, which was of uncertain relationship to the
study treatment. Treatment-related AEs led to treatment inter-
ruption, dose reduction, and treatment discontinuation of lenva-
tinib in 23 (3.4.0%), 19 (35.8%), and 8 patients (15.1%),
respectively; treatment-related AEs led to treatment interruption
and treatment discontinuation of PD-1 in 12 (22.6%) and 4
patients (7.5%), respectively.

Figure 1. Kaplan-Meier estimates of (A) progression-free survival (PFS) by mRECIST, (B) overall survival (OS) by mRECIST,
(C) progression-free survival (PFS) in the first-line and second-line therapy groups, (D) percentage change from baseline in sums of diameters of
target lesions by mRECIST.
Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; mRECIST, modified Response Evaluation Criteria in Solid
Tumors.
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Discussion
Locoregional therapies for uHCC were controversial.
Trans-arterial radioembolization appears to be a viable experi-
mental treatment option for patients with intermediate-advanced
stage HCC, but there is no explicitly recommended.16 TACE
is the guideline-recommended local therapy for uHCC.4

However, there is a high tumor recurrence rate after TACE.
And also a meta-analysis demonstrated a nonsuperiority of
bland embolization compared with TACE for HCC patients.17

Local therapy combined with systemic therapy could
improve the clinical outcome of uHCC. In our previous
study, we found percutaneous radiofrequency ablation com-
bined with TACE plus sorafenib demonstrated better efficacy
than TACE plus sorafenib for large HCCs with types I/II
portal vein tumor thrombosis.18 But not all combination thera-
pies are effective. A meta-analysis showed that the association
of sorafenib did not seem to prolong survival nor delay disease
progression in patients treated with radioembolization.19 Recent
evidence indicates that initial lenvatinib therapy followed by
TACE markedly improves OS in TACE-refractory patients.9

A clinical study confirmed lenvatinib-TACE sequential
therapy prolonged the OS and PFS in patients with
intermediate-stage HCC.20 The pretreatment of lenvatinib
could contribute to the vascular normalization and the conse-
quent reduction in vascular permeability and tumor interstitial
pressure, which improves the distribution of lipiodol-containing
anticancer drugs within the tumor. Lenvatinib can also inhibit
the release of hypoxia-inducible factors such as VEGF follow-
ing TACE so as to prevent the recurrence and metastasis of the
tumor.21 Lenvatinib-TACE sequential therapy may become the
standard therapy for patients who do not benefit from TACE
alone.22

Lenvatinib could also improve the clinical benefit of pro-
grammed death receptor-1 (PD-1) signaling inhibitor.12,13,23,24

A phase Ib trial of lenvatinib plus nivolumab in patients with
uHCC indicated that the ORR of this combination is 76.7%.14

KEYNOTE-524 showed that lenvatinib plus pembrolizumab
yielded a ORR of 46% and a DCR of 85%.25 The FDA
granted lenvatinib plus pembrolizumab a breakthrough
therapy for the first-line treatment of uHCC that is not amenable
to locoregional therapy.

In this study, we assessed the efficacy and safety of TACE in
combination with lenvatinib plus PD-1 signaling inhibitors
(camrelizumab or sintilimab) in uHCC. In the evaluable 51
patients, ORR is 54.9% and DCR is 84.3% by mRECIST.
Moreover, responses were durable (median DoR, 6.5
months). Despite improvements in ORR and DCR, the
median PFS of this study is only 8.5 months, which is shorter
than that of lenvatinib plus pembrolizumab (9.3 months).25

This result may be attributed to the high proportion of patients
with TACE failure. The other reasons are the later stage of the
patients enrolled (56.6% for BCLC C stage), the high propor-
tion of patients with previous tyrosine kinase inhibitors treat-
ment failure (45.3%), and the inadequate follow-up. In this
study, the median PFS for the patients of first-line treatment
(11.2 months) was longer than that of lenvatinib plus pembro-
lizumab, which suggest that this combined therapy should be
used for patients with uHCC as early as possible.

In this study, Treatment-related AEs with the combination
were consistent with the known AEs of each individual agent.
The most frequent any-grade treatment-related AEs were abnor-
mal hepatic function, hypothyroidism, pyrexia, proteinuria and
hypertension; however, grade ≥3 AEs occurred in 32.1% of
patients. Upper gastrointestinal bleeding commonly occurred
in patients with HCC. In the IMbrave 150 trial,26 the incidence
of upper gastrointestinal bleeding observed in the atezolizumab–
bevacizumab group was 7%. In our study, upper gastrointestinal
hemorrhage was reported in 2 patients (3.8%).We found the inci-
dence of increased aminotransferase was high, and this might
have resulted from TACE and a higher proportion of patients
with HBV infection included in this study. Overall, the toxicity
profile of this combination is manageable with appropriate
monitoring.

Table 3. Treatment-Related Adverse Events (AEs) Occurring in ≥10% of Patients (N= 53).

N (%)

Preferred AE term Any grade Grade 1 Grade 2 Grade 3

Hypertension 13 (24.5%) 4 (7.5%) 6 (11.3%) 3 (5.7%)
Proteinuria 18 (34.0%) 3 (5.7%) 13 (24.5%) 2 (3.8%)
Pyrexia 24 (45.3%) 16 (30.2%) 8 (15.1%)
ALT increase 25 (47.2%) 18 (34.0%) 5 (9.4%) 2 (3.8%)
AST increase 27 (50.9%) 17 (32.1%) 7 (13.2%) 3 (5.7%)
CK-MB increase 15 (28.3%) 12 (22.6%) 3 (5.7%)
TBIL increase 22 (41.5%) 11 (20.8%) 7 (13.2%) 4 (7.5%)
Hypothyroidism 26 (49.1%) 14 (26.4%) 12 (22.6%)
Diarrhea 7 (13.2%) 6 (11.3%) 1 (1.9%)
PPES 6 (11.3%) 4 (7.5%) 2 (3.8%)
Weight loss 7 (13.2%) 6 (11.3%) 1 (1.9%)
Decreased appetite 10 (18.9%) 9 (17.0%) 1 (1.9%)
Lipase increase 6 (11.3%) 2 (3.8%) 2 (3.8%) 2 (3.8%)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; PPES, Palmar-plantar erythrodysesthesia syndrome.
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The present study had several limitations. First, the study
design was retrospective, and the sample size was small.
Second, median follow-up period was relatively short which
made impossible to fully evaluate PFS and OS. Third, the
impact on OS was not evaluated due to the limited observa-
tional period. Fourth, the major limitation of the present study
is a lack of pathological data. Therefore, future study using
larger, multicenter cohorts with sufficient observational period
is needed to validate the present outcomes, also the predictive
markers for this combined therapy should be analyzed using
serum or tissue specimens in further study.

Conclusion
TACE in combination with lenvatinib plus PD-1 signaling
inhibitors displayed promising efficacy in patients with
uHCC. Furthermore, this combined therapy was well tolerated.
This combination strategy might be suitable as a treatment
option for this patient population.
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