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A B S T R A C T

Background: The most common type of primary liver cancer is hepatocellular carcinoma (HCC), and hepatitis B
virus (HBV)-related HCC accounts for many HCC cases and has a high mortality rate. The goal of our study was to
investigate the efficacy and safety of lenvatinib plus sintilimab therapy in real-world practice and identify factors
affecting long-term prognosis.
Methods: A retrospective study was conducted with 139 consecutive patients with unresectable HCC treated with
lenvatinib or lenvatinib plus sintilimab at the Fifth Medical Center of PLA General Hospital from June 2018 to
June 2021. The 139 patients were divided into the control group (85 patients) and the combined treatment group
(54 patients) according to the antitumour drugs used for treatment. Efficacy was determined using the Response
Evaluation Criteria in Solid Tumors (RECIST) 1.1 and the HCC-specific modified RECIST (mRECIST) for 139
patients who completed the 1st and second tumour assessments. Safety was evaluated in 60 patients in the
combined treatment group and 90 patients in the control group using the Common Terminology Criteria for
Adverse Events version 5.0.
Results: A total of 139 male Chinese patients (49.6% � 55 years old) were included in the efficacy analysis. The
median overall survival in the combined treatment group was 21.7 months, and the median progression-free
survival was 11.3 months. According to the mRECIST criteria, the objective response rate was 38.9%, and the
disease control rate was 92.6%. The median overall survival (mOS), median progression-free survival (mPFS),
overall response rate (ORR) and disease control rate (DCR) in the lenvatinib monotherapy group were 12.8
months, 6.6 months, 24.7%, and 74.1%, respectively. Hypertension was the most common adverse event in both
groups. Some immune-related adverse events, such as hypothyroidism (n ¼ 5), elevated blood creatinine (n ¼ 3),
elevated cardiac enzymes (n ¼ 1), elevated amylase (n ¼ 1) and increased fasting glucose (n ¼ 1), occurred only
in the combined therapy group. Five patients in the lenvatinib monotherapy group and six patients in the len-
vatinib plus sintilimab group discontinued therapy due to severe adverse events (AEs) (grade 3). No � 4-grade
AEs occurred in any patients.
Conclusion: The TKI lenvatinib combined with PD-1-targeted immunotherapy sintilimab is efficacious and safe in
real-world practice and may lead to better long-term outcomes than lenvatinib alone.
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1. Introduction

Globally, hepatocellular carcinoma (HCC) is the sixth most com-
mon cancer and the fourth leading cause of cancer-related death, ac-
cording to 2020 global cancer statistics [1]. Unlike in developed
countries, in China, the most common infectious disease is hepatitis B
virus (HBV), ranking first in the number of people living with HBV
globally [2]. Patients with HBV-related HCC are defined as those who
are seropositive for hepatitis B surface antigen (HBsAg), are seroneg-
ative for anti-HCV antibodies and have no history of alcoholism [3].
China's HBV-related HCC incidence and mortality rates are higher than
the world average [4, 5]. HCC associated with HBV is heterogeneous,
with a wide range of clinical outcomes. In terms of the clinical char-
acteristics, and in addition to incidence and mortality rates that
outnumber those in America, Europe and Japan, HCC has several
different features in China [6, 7]. They are mainly manifested in the
following aspects: (1) In most instances, HCC is diagnosed at an
advanced disease stage on initial examination, which indicates a trend
toward younger onset. (2) Chronic HBV infection is a major risk factor
for HCC, and HBV infection is believed to contribute to 80% of HCC
cases. (3) In Europe and North America, hepatitis C and excessive
alcohol consumption are the leading causes of HCC. Male Chinese
patients typically experience a greater tumour burden (number and
size of tumours) and a much more complicated situation regarding
clinical features, such as having more macrovascular invasion. Surgical
resection represents an effective protocol for treating liver tumours
[8]. However, most patients miss the chance to undergo surgery due to
late diagnosis and limited treatment options. Therefore, systemic
treatments, including locoregional therapies (LRTs), molecularly tar-
geted therapy and immunotherapy, are recommended for patients at
an advanced stage [9]. The only VEGFR inhibitor available for the
first-line treatment of advanced HCC between 2008 and 2017 was
sorafenib [10]. Despite the improved progression-free survival ach-
ieved by lenvatinib, there was no evident difference in the overall
survival compared to that associated with sorafenib [11]. Recent ad-
vancements in molecularly targeted therapy and immunotherapy have
yielded remarkable improvements in liver cancer outcomes. The
clinical trial of CheckMate 459 demonstrated that nivolumab may be
considered a therapeutic option for patients who are not responding to
tyrosine kinase inhibitors or antiangiogenic drugs [12]. The results of
early clinical trials indicate that lenvatinib plus pembrolizumab could
be a promising treatment option [13, 14]. Sintilimab, developed by
Innovent Biologics and Eli-Lilly, is a fully human IgG4 monoclonal
antibody similar to pembrolizumab [15]. The National Medical
Products Administration of China has approved its use in the treatment
of several advanced tumours, including HCC [16]. Even with increased
options for extending overall survival, it is still necessary to develop
new therapeutic models for HCC that cannot be resected. Whether the
aetiology of HCC and clinical characteristics or interindividual varia-
tions in response to targeted therapy and/or immunotherapy in Chi-
nese patients are different from those in American, European and
Japanese populations remains to be explored [6]. As described by
Professor Rizzo, in the past, no single biomarker has been able to
predict which HCC patients are likely to benefit from immunotherapy;
today, each biomarker and combinations of biomarkers can indicate
which patients are likely to benefit from immunotherapy [17]. Despite
this, it is important to note that there are a number of treatment
problems for liver cancer that urgently need to be resolved, including
the need for better and less toxic therapies that have fewer side effects
[18]. Hence, we aimed to determine whether lenvatinib plus
sintilimab-dominated treatment would be effective and safe in Chinese
patients with unresectable HBV-related HCC and to identify prognostic
factors affecting the long-term prognosis.
2

2. Patients and methods

2.1. Study design and patients

A total of 159 eligible patients (�18 years) with advanced HBV-
related HCC were enrolled in this hospital-based retrospective study
and treated at the Fifth Medical Center of PLA General Hospital from
June 2018 to June 2021. Some of these patients were excluded for the
following reasons: they had received previous therapy, such as the
antitumour drug sorafenib (n ¼ 5), had discontinued treatment before
the 1st tumour response assessment due to severe adverse events (AEs) (n
¼ 11), had refused further therapy (n¼ 1), or were lost to follow-up (n¼
3). Finally, 54 patients were divided into the combined treatment group
(lenvatinib plus sintilimab, that is, group 1), and 85 patients were
included in the control group (lenvatinib monotherapy, that is, group 2),
as demonstrated in Figure 1. Other key inclusion criteria were as follows:
(1) an ECOG scale performance score of 0–2; (2) liver function of
Child–Pugh class A or B; (3) Barcelona Clinic Liver Cancer (BCLC) stages
B or C; (4) an estimated life expectancy over 3 months; and (5) as defined
by the Modified Response Evaluation Criteria in Solid Tumors (mRE-
CIST), at least one measurable tumour lesion must exist. The exclusion
criteria included (1) the combination of other primary malignancies; (2)
the combination of other organ dysfunction, such as acute myocardial
infarction, malignant hypertension, heart failure, or acute renal failure;
(3) end-stage HCC; (4) the presence of other known infectious diseases;
and (5) incomplete data.
2.2. Efficacy and safety assessments

An assessment of treatment response was scheduled at weeks 4–8
using magnetic resonance imaging (MRI) or dynamic computed tomog-
raphy (CT). The imaging information was evaluated by 2 independent
and experienced imaging experts.

In addition to the objective response rate (ORR), the disease control
rate (DCR) of solid tumours was assessed according to the Response
Evaluation Criteria in Solid Tumors, version 1 (RECIST 1.1) and HCC-
specific modified RECIST (mRECIST). During the course of the study,
vital signs and clinical laboratory results, including blood cell content,
routine urinalysis, liver and kidney function, blood electrolytes, coagu-
lation function and tumour markers such as alpha-fetoprotein, AFP or
gamma-glutamyl transpeptidase, and GGT, were continuously evaluated
for safety. Furthermore, a comprehensive evaluation of the incidence and
severity of adverse events was undertaken during the antitumour pro-
cedure using the National Cancer Institute Common Terminology criteria
for adverse events version 5.0 [19].
2.3. Lenvatinib and sintilimab treatment

Lenvatinib was administered orally at a starting dose of 12 mg/day
for patients with�60 kg body weight or 8 mg/day for patients with<60
kg body weight in the lenvatinib monotherapy group [20]. The com-
bined treatment group received the same doses of lenvatinib as the
lenvatinib monotherapy group combined with sintilimab at a fixed dose
of 200 mg every 3 weeks. All patients continued treatment until disease
progression, unacceptable toxicity, death, or discontinuation for any
reason.
2.4. Primary and secondary endpoints

Overall survival (OS) and progression-free survival (PFS) were the
primary endpoints, and ORR, DCR, and adverse events (AEs) were the
secondary endpoints.



Figure 1. Patient flow. HCC, hepatocellular carcinoma.

Table 1. Baseline data of 139 HBV-related HCC patients.

Item Group 1 (n ¼ 54) Group 2 (n ¼ 85) χ2 P value

Age (�55) 24/54 (44.40%) 45/85 (52.90%) 0.954 0.329

Child-Pugh Score(A) 36/54 (66.70%) 68/85 (80.00%) 3.116 0.078

PS Score (�1’) 41/54 (75.90%) 72/85 (84.70%) 1.674 0.196

History of
hypertension

9/54 (16.70%) 19/85 (22.40%) 0.664 0.415

History of diabetes 4/54 (7.40%) 14/85 (16.50%) 2.406 0.121

Ascites 46/54 (85.20%) 73/85 (84.90%) 0.130 0.909

Loco-regional therapies

Argon–Helium
cryosurgical

22/54 (40.70%) 37/85 (43.50%) 0.484 0.922

microwave ablation 9/54 (16.70%) 16/85 (18.80%)

interventional
therapy

14/54 (25.90%) 21/85 (24.70%)

none 9/54 (16.70%) 11/85 (12.90%)

BCLC Stage (B) 40/54 (74.10%) 66/85 (77.60%) 0.233 0.620

Group1, lenvatinib plus sintilimab treatment group; Group2, lenvatinib mono-
therapy group.
Hepatocellular Carcinoma (HCC); Performance status (PS); Barcelona Clinic
Liver Cancer (BCLC); Loco-regional therapies (LRT).
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2.5. Evaluation of antitumour responses

The antitumour response was assessed using RECIST 1.1 and mRE-
CIST. In the fourth week of treatment, the first on-study radiographic
examination was conducted, and subsequent examinations were taken
every four weeks until the disease progressed. A confirmation of com-
plete or partial responses were made within four weeks of the initial
response. As patients experienced disease progression or stopped the
treatment, their overall survival was monitored every 30 days until they
died, lost contact, or the study ended.

2.6. Statistical analyses

In this study, continuous variables were converted into categorical
variables. For categorical variables, the frequencies (%) are shown, and
Fisher's exact or chi-square test was used to compare them. SPSS v26.0
(IBM Corp.) was used to perform statistical analyses, and survival curves
were generated with GraphPad Prism v9.0 (GraphPad Software, Inc.).
The PFS and OS were all estimated by the Kaplan–Meier method. Prog-
nostic factors were first evaluated using univariate Cox regression anal-
ysis. Multivariate Cox regression analysis was used to evaluate the
significant factors (p < 0.2) identified in the univariate Cox regression
analysis. Descriptive statistics were used to describe the AE outcomes.

3. Results

3.1. Patient characteristics and laboratory findings according to baseline
data

Our retrospective analysis included 139 patients with unresectable
HBV-related HCC between June 2018 and June 2021. The baseline
3

patient characteristics are listed in Table 1. All patients were male. Age
was stratified as under 55 and over 55 years. There were 24 and 45 pa-
tients �55 years old in the treatment and control groups, respectively. A
total of 66.7% of patients in the treatment group and 80% in the control
group had Child–Pugh class A liver function reserve. A total of 16/54
(29.60%) and 16/85 (18.80%) patients were at BCLC stages B and C,
respectively. A substantial proportion of these HBV-related HCC patients
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received locoregional therapies (LRTs), such as argon-helium cryosur-
gical treatment, ultrasound-guided microwave ablation of liver cancer,
and hepatic artery interventional embolization treatment, within 1
month before or after taking antitumour drugs. The remaining 9 patients
in the combined treatment group and 11 patients in the control group did
not receive any local or regional therapies, as depicted in Table 1. In
terms of age, ECOG-PS score, Child–Pugh classification, BCLC stage,
history of hypertension and diabetes, and LRT use, there was no signif-
icant difference between the two groups. The baseline laboratory results
of the two groups did not differ significantly, as shown in Table 2.
3.2. Effectiveness and safety assessment

3.2.1. Effectiveness
In this study, from baseline to the end of the follow-up, the median

PFS for the combined therapy group and the lenvatinib monotherapy
group was 11.3 and 6.6 months, respectively. Figure 2 shows a statisti-
cally significant difference between these two groups (p ¼ 0.0128, HR ¼
0.57 (95% CI: 0.36–0.89)). Furthermore, the combined therapy group
had a median OS of 21.7 months, while the OS of the lenvatinib mono-
therapy group was 12.8 months (p ¼ 0.0051, HR ¼ 0.43 (95% CI:
0.24–0.78)) (Figure 3). Regarding the secondary assessment criteria, the
ORR and DCR of the combined therapy group were 33.3% and 87.0%,
respectively, according to the RECIST 1.1 criteria. The ORR and DCR in
the control group and the lenvatinibmonotherapy group were 24.7% and
74.1%, respectively. There was no statistically significant difference be-
tween the combined therapy group and the lenvatinib monotherapy
group in ORR or DCR (p> 0.05) (Table 3). However, the ORR and DCR of
the combined therapy group were 38.9% and 92.6%, respectively, ac-
cording to the mRECIST criteria. There was a marked difference between
the two groups in terms of the DCR (92.6% vs. 74.1%, p ¼ 0.006)
(Table 4).

3.2.2. Safety assessment
Part 1. Adverse events (AEs) in the lenvatinib monotherapy

group. As depicted in Table 5, a total of 289 AEs occurred in 90 patients.
Seven grade 3 adverse events occurred in the lenvatinib monotherapy
group. The overlapping counts of AEs are worth noting. The following
Table 2. Laboratory data of 139 patients with HBV-related HCC at baseline.

Group 1 (n ¼ 54) Group 2 (n ¼ 85) χ2 P value

Albumin

(<35 g/L) 22/54 (40.70%) 33/85 (38.80%) 0.051 0.822

(�35 g/L) 32/54 (59.30%) 52/85 (61.20%)

TBIL

(<20.5umol/L) 20/54 (37.00%) 23/85 (27.00%) 1.539 0.215

(�20.5umol/L) 34/54 (63.00%) 62/85 (73.00%)

PTA

(<75%) 29/54 (53.70%) 33/85 (38.80%) 2.959 0.085

(�75%) 25/54 (46.30%) 52/85 (61.20%)

AFP

(<400 ng/ml) 27/54 (50.00%) 36/85 (42.40%) 0.779 0.337

(�400 ng/ml) 27/54 (50.00%) 49/85 (57.60%)

GGT

(<33 U/L) 51/54 (94.40%) 72/85 (84.70%) 3.075 0.080

(�33 U/L) 3/54 (5.60%) 13/85 (15.30%)

PLT

(<100*109/L) 15/54 (27.80%) 21/85 (24.70%) 0.162 0.687

(�100*109/L) 39/54 (72.20%) 64/85 (75.30%)

Group1, lenvatinib plus sintilimab treatment group; Group2, lenvatinib mono-
therapy group.
Total bilirubin (TBIL); Prothrombin time activity (PTA); Alpha fetoprotein (AFP);
Gamma-glutamyl transpeptidase (GGT); Platelets (PLT).
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AEs were identified as having the highest frequency of any grade: hy-
pertension, asthenia, diarrhoea, hand-foot skin reaction (HFSR),
abdominal pain, nausea and loss of appetite. Grade 3 adverse reactions,
including 4 cases of hypertension, 1 case of diarrhoea, 1 case of HFSR and
1 case of leukopenia, were observed in 5 cases, with one having
concomitant hypertension/diarrhoea. Part 2. Adverse events in the
combined therapy group. Similarly, the most common AE was hyper-
tension (45%) among the 60 HBV-related HCC patients. Asthenia (n ¼
19), low-grade fever (n¼ 16), and diarrhoea (n¼ 15) were also common
AEs. However, some AEs, including hypothyroidism (n ¼ 5), elevated
blood creatinine (n ¼ 3), elevated cardiac enzymes (n ¼ 1), elevated
amylase (n ¼ 1) and increased fasting glucose (n ¼ 1), occurred only in
the combined therapy group (lenvatinib plus sintilimab) (Table 6). Six
patients had grade 3 adverse effects, including hypertension (n ¼ 2),
diarrhoea (n ¼ 3) and leukopenia (n ¼ 1). Most AEs in this study were
reversible or manageable by dose modification and/or symptomatic
treatment rather than treatment discontinuation. However, 5 patients in
the lenvatinib monotherapy group and 6 patients in the lenvatinib plus
sintilimab group discontinued therapy due to severe AEs (grade 3). No
adverse reactions (grade�4) occurred in any patients.

3.3. Prognostic factors for overall survival of HBV-related HCC patients

The BCLC stage (HR ¼ 0.37, 95% CI ¼ 0.21–0.64, p ¼ 0.003) and
lenvatinib plus sintilimab treatment (HR ¼ 0.35, 95% CI ¼ 0.20–0.62, p
¼ 0.005) were significantly associated with OS in the univariate analysis
of all 139 patients. Factors with a p value < 0.20 were alpha-fetoprotein
(AFP) (HR ¼ 1.48, 95% CI ¼ 0.88–2.51, p ¼ 0.133) and albumin (HR ¼
1.45, 95% CI ¼ 0.86–2.50, p ¼ 0.156). The BCLC stage and sintilimab
plus lenvatinib treatment remained significant independent predictors of
survival in the multivariate analysis (HR ¼ 2.73, 95% CI ¼ 1.32–5.61, p
¼ 0.006; HR ¼ 0.35, 95% CI ¼ 0.16–0.78, p ¼ 0.01, respectively)
(Table 7).

4. Discussion

In this retrospective study, lenvatinib plus sintilimab and lenvatinib
monotherapy for patients with HBV-related advanced HCC were
compared in terms of efficacy and safety. According to the mRECIST
criteria, the DCR in the lenvatinib plus sintilimab group was significantly
higher than that in the lenvatinib group. Additionally, both PFS and OS
were significantly longer in the lenvatinib plus sintilimab group than in
the lenvatinib group.

In China, more than 90% of primary liver cancers are HCC, with a
high incidence and mortality because of HBV infection [21]. Molecular
targeted therapies for HCC with antiangiogenic effects have been the
first-line treatment for several years [22]. Antiangiogenic drugs, such as
sorafenib and lenvatinib, remain the backbone of systemic therapy for
advanced HCC, but their effectiveness is limited [23]. In a recent study, it
was found that combining lenvatinib and pembrolizumab provides
highly promising results for advanced HCC patients, with an ORR of 41%
and a DCR of 56%, respectively [24]. In this study, lenvatinib plus sin-
tilimab proved to be a safe and efficacious therapy for unresectable HCC
associated with HBV. Specifically, it was found that patients who
received lenvatinib plus sintilimab as the first-line antitumour drugs
showed better DCR, OS and PFS than patients who took lenvatinib
monotherapy (DCR: 92.6% vs. 74.1% p value 0.045, median OS: 21.7
months vs. 12.8 months p ¼ 0.0051, median PFS: 11.3 months vs. 6.6
months p ¼ 0.0128), although no significant differences in ORR (p >

0.05) existed between the groups. The possible reasons for the differ-
ences in efficacy between the lenvatinib plus sintilimab group and the
lenvatinib monotherapy group are as follows: (1) First, previous studies
suggested that lenvatinib could improve the tumour microenvironment
and thus act in synergy with certain immune checkpoint inhibitors [25,
26]. In our study, lenvatinib demonstrated a synergistic effect when used
in combination with sintilimab. By blocking FGFR4, a recent study



Figure 2. The survival curves of all patients with HBV-related advanced hepatocellular carcinoma treated with lenvatinib plus sintilimab and with lenvatinib alone.
Cumulative progression-free survival curves, in which the blue lines show the patients in the combined therapy group and the red lines show the patients in the
lenvatinib monotherapy group.

Figure 3. The survival curve of all patients with advanced HCC related to HBV who received lenvatinib and sintilimab treatment and lenvatinib monotherapy.
Cumulative overall survival curves, in which the blue lines show the patients in the combined therapy group and the red lines show the patients in the lenvatinib
monotherapy group.

Table 3. Clinical response according to RECIST1.1

Group1 (n ¼ 54) Group2 (n ¼ 85) χ2 P value

ORR 18/54 (33.30%) 21/85 (24.70%) 1.110 0.292

DCR 47/54 (87.00%) 63/85 (74.10%) 0.089 0.765

Group1, lenvatinib plus sintilimab treatment group; Group2, lenvatinib mono-
therapy group.
Objective response rate (ORR); Disease Control Rate (DCR).

Table 4. Clinical response according to mREFLECT eligibility criteria.

Group1 (n ¼ 54) Group2 (n ¼ 85) χ2 P value

ORR 21/54 (38.90%) 21/85 (24.70%) 3.150 0.076

DCR 50/54 (92.60%) 63/85 (74.10%) 7.412 0.006

Group1, lenvatinib plus sintilimab treatment group; Group2, lenvatinib mono-
therapy group.
Objective response rate (ORR); Disease Control Rate (DCR).
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showed that lenvatinib decreased tumour PD-L1 levels and Treg differ-
entiation and improved anti-PD-1 efficacy [27]. (2) Second, sintilimab,
which is similar to pembrolizumab, has a higher binding affinity towards
PD-1 on the surface of T cells than pembrolizumab. This could be another
5

reason why the PFS and OS were significantly longer in our combination
therapy group. (3) A large portion of the patients received a certain LRT
within 1 month before or after taking the antitumour drugs, although no
pronounced difference was found between the lenvatinib plus sintilimab
group and the lenvatinib monotherapy group. Some studies have
demonstrated that LRT reduces the local tumour load and stimulates the
immune response by releasing tumour-associated antigens [28]. LRTmay
prolong OS and PFS in HBV-related HCC patients.

The findings of this study are in line with those results of combined
targeted and immune therapy in previous studies [29, 30]. It is worth
mentioning that a study indicated that Chinese advanced HCC patients
have a better response to drugs than those from other countries, which
was described in a phase 3, multicentre, noninferiority trial published in
The Lancet [10]. Moreover, a short-term prognostic study from China
revealed that TKI (lenvatinib) plus anti-PD-1 (camrelizumab) as post-
progression treatment is both effective and safe [31]. In this study, a
substantial proportion of patients in the combined therapy group
adhered to the regimen of lenvatinib plus sintilimab after tumour pro-
gression. This may be another reason why the OS and PFS in the com-
bined therapy group were longer than those in the lenvatinib
monotherapy group.

In regard to the AEs in our study, hypertension remained the most
commonly reported adverse reaction, followed by hand-foot syndrome
and diarrhoea in both groups. Moreover, another common adverse



Table 5. Adverse events of lenvatinib monotherapy (n ¼ 90).

AEs* Not happened Grade 1 Grade 2 Grade 3 Grade 4 happened Any grade

hypertension 56 (62.22) 18 12 4 0 34 (37.78) 4 (4.44)

HFSR 73 (81.11) 11 5 1 0 17 (18.89) 1 (1.11)

Asthenia 60 (66.67) 17 13 0 0 30 (33.33) 0 (0.00)

diarrhoea 66 (73.33) 11 12 1 0 24 (26.67) 1 (1.11)

Constipation 77 (85.56) 10 3 0 0 13 (14.44) 0 (0.00)

Abdominal pain 69 (76.67) 15 6 0 0 21 (23.33) 0 (0.00)

Bloating 72 (80.00) 11 7 0 0 18 (20.00) 0 (0.00)

Nausea 69 (76.67) 17 4 0 0 21 (23.33) 0 (0.00)

Vomiting 75 (83.33) 8 7 0 0 15 (16.67) 0 (0.00)

Loss of appetite 68 (75.56) 14 8 0 0 22 (24.44) 0 (0.00)

OM 85 (94.44) 5 0 0 0 5 (5.56) 0 (0.00)

Joint pain 74 (82.22) 15 1 0 0 16 (17.78) 0 (0.00)

peripheral edema 82 (91.11) 8 0 0 0 8 (8.89) 0 (0.00)

Proteinuria 67 (74.44) 18 5 0 0 23 (25.56) 0 (0.00)

Leukopenia 80 (88.89) 7 2 1 0 10 (11.11) 1 (1.11)

Thrombocytopenia 83 (92.22) 6 1 0 0 7 (7.78) 0 (0.00)

Data are presented as n (%); * counting overlapping; oral mucositis (OM); hand-foot skin reaction (HFSR).

Table 6. Adverse events of lenvatinib plus sintilimab therapy (n ¼ 60).

AEs* Not happened Grade 1 Grade 2 Grade 3 Grade 4 happened Any grade

hypertension 33 (55.00) 18 7 2 0 27 (45.00) 2 (3.33)

HFSR 54 (90.00) 5 1 0 0 6 (10.00) 0 (0.00)

Asthenia 41 (68.33) 16 3 0 0 19 (31.67) 0 (0.00)

Fever 44 (73.33) 13 3 0 0 16 (26.67) 0 (0.00)

diarrhoea 45 (75.00) 9 3 3 0 15 (25.00) 3 (5.00)

Bloating 50 (83.33) 6 4 0 0 10 (16.67) 0 (0.00)

Nausea 50 (83.33) 6 4 0 0 10 (16.67) 0 (0.00)

Loss of appetite 52 (86.77) 8 0 0 0 8 (13.33) 0 (0.00)

Joint pain 52 (86.77) 7 1 0 0 8 (13.33) 0 (0.00)

Proteinuria 53 (88.33) 5 2 0 0 7 (11.67) 0 (0.00)

Hypothyroidism 55 (91.77) 5 0 0 0 5 (8.33) 0 (0.00)

Leukopenia 54 (90.00) 4 1 1 0 6 (10.00) 1 (1.67)

Thrombocytopenia 57 (95.00) 3 0 0 0 3 (5.00) 0 (0.00)

Elevated creatinine 57 (95.00) 3 0 0 0 3 (5.00) 0 (0.00)

Elevated serum amylase 59 (98.33) 1 0 0 0 1 (1.67) 0 (0.00)

Elevated cardiac enzyme 59 (98.33) 1 0 0 0 1 (1.67) 0 (0.00)

elevated blood glucose 59 (98.33) 1 0 0 0 1 (1.67) 0 (0.00)

Data are presented as n (%); * counting overlapping; oral mucositis (OM); hand-foot skin reaction (HFSR).
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reaction recorded in the combined group was asthenia, which may be
induced by PD-1 (sintilimab). Similar findings have been reported
previously [32, 33]. Moreover, it is worth noting that 4 patients in the
lenvatinib monotherapy group and 2 patients in the combined therapy
group discontinued lenvatinib treatment due to grade 3 hypertension.
There is no doubt that hypertension is the most common AE of TKI
treatment. This phenomenon explains why tumour vascular epithelial
cells were damaged, leading to upregulation of nitric oxide synthase
and decreasing nitric oxide production, which ultimately leads to hy-
pertension [34]. The results of a multicentre retrospective study
showed that hypertension was significantly associated with better
survival rates and was the earliest indicator of a better prognosis [35].
Compared with the monotherapy group, the combined therapy group
had a higher incidence of hypertension. The most common reason for
dose reductions and treatment halts is a subjective condition referred to
as systemic fatigue. Approximately one-third of patients experienced
fatigue in the lenvatinib monotherapy group in our study. Some dif-
ferences in AEs were seen in the combined therapy group compared to
the lenvatinib monotherapy group. Specifically, hypothyroidism (grade
6

1) occurred in 5 patients. Increased creatinine, fasting blood glucose,
serum amylase and myocardial enzymes were found in some cases. It
was judged that these adverse reactions might be caused by PD-1
(sintilimab). Similar results were reported in other studies [36, 37].
Lenvatinib has also been associated with thyroid dysfunction, which is
a frequent side effect of TKI treatment [38]. In our study, 5 patients
developed hypothyroidism in the combined therapy group. In another
group, however, there was no hypothyroidism. The relevance of thy-
roid dysfunction to clinical outcome remains controversial. Shomura
and colleagues prospectively enrolled and treated 46 patients with
advanced hepatocellular carcinoma and observed that hypothyroidism
grade 2/3 was associated with better outcomes [39]. In contrast, a
retrospective study showed that thyroid dysfunction was an indepen-
dent factor associated with shorter PFS [40]. In previous studies of a
mouse model of HCC, lenvatinib altered tumour blood vessels and
normal organ blood vessels [41, 42]. The causes of hypothyroidism
include the direct destructive effects of chemotherapeutic agents on the
thyroid gland and reduced blood flow caused by the inhibitory effect of
VEGF binding to thyroid cells [43].



Table 7. Multivariable Cox regression analysis for overall survival (n ¼ 139).

Variables Univariate Analysis Multivariate Analysis

HR (95%CI) P value HR (95%CI) P value

Lenvatinib plus sintilimab treatment 0.35 (0.20–0.62) 0.005 0.35 (0.16–0.78) 0.010

Child-pugh class (A) 0.74 (0.40–1.37) 0.297

PS score (�10) 0.88 (0.43–1.79) 0.708

AFP (�400 μg/L) 1.48 (0.88–2.51) 0.133 2.96 (1.34–6.58) 0.118

Albumin (<35 g/L) 1.45 (0.86–2.50) 0.156 2.96 (1.34–6.58) 0.187

TBIL (<20.5 μmol/L) 0.73 (0.41–1.30) 0.286

GGT (�33 U/L) 1.50 (0.68–3.49) 0.304

PTA (<75%) 1.20 (0.72–2.12) 0.423

PLT (<100*109/L) 0.88 (0.50–1.54) 0.650

BCLC stage (C) 0.37 (0.21–0.64) 0.003 2.73 (1.32–5.61) 0.006

Hazard ratio (HR); Confidence interval (CI); Performance status (PS); Barcelona Clinic Liver Cancer (BCLC); Total bilirubin (TBIL); Prothrombin time activity (PTA);
Alpha fetoprotein (AFP); Gamma-glutamyl transpeptidase (GGT); Platelets (PLT).
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In terms of prognostic features, in the multivariate regression analysis,
lenvatinib plus sintilimab therapy and BCLC stage were independent
factors predicting prognosis in the patients in our study. On the one hand,
the findings confirmed the effectiveness of lenvatinib plus sintilimab
therapy in addition to a longer OS and PFS; on the other hand, the findings
demonstrated that those patients in BCLC stage B with better liver func-
tion reserve could have longer survival than those patients in BCLC stage
C. Lenvatinib plus sintilimab is more effective than lenvatinib alone in
treating HBV-related advanced HCC in Chinese patients, according to
these results. Many studies have shown that the Child–Pugh score of HCC
patients is a useful prognostic factor affecting prognosis [44, 45]. How-
ever, a similar result was not found in this study. There are a couple of
possible reasons. First, the Child–Pugh score is not adequate to provide
sufficient objectivity for evaluating liver function since the presence of
ascites is accounted for in the Child–Pugh score. Moreover, there are
certainly overlaps between ascites and albumin, which are associatedwith
osmotic pressure. It should be noted that the ECOG-PS score was not a
prognostic factor in this study. Clinical practitioners should be aware that
the ECOG-PS score has a certain level of subjectivity. Calculation of the
ECOG-PS score was based on the degree of decline in physical activity
associated with the tumour load, not other causes.

5. Highlights and limitations

This retrospective study has several strengths compared to previous
studies. First, all the subjects included in the study were male patients
with HBV-related HCC, which reflects the peculiarity of the current liver
tumour situation in China and is significant for clinical practice. Second,
the follow-up period was longer than those of other studies. Most
importantly, as an important complement to the therapeutic regimens of
HCC, the data of this real-world study could fill the gap between clinical
guidelines and real-world practice. Several limitations exist, however.
First, the sample size of this retrospective single-centre study was small;
therefore, selection bias could not be avoided. Moreover, female patients
were not included in our study; therefore, efficacy and safety need to be
studied in females in the future. Some data on post-line treatment for
patients with liver cancer were not obtained during the follow-up period.
Thus, the effects of second-line treatment on patients with HCC could not
be determined. We did not assess the impact of anti-HBV treatment on
antitumour therapy since the data on HBV DNA load, serum HBsAg level
and HBeAg status were not collected prospectively. The results of this
study need to be confirmed by further prospective studies. Nevertheless,
we found that the OS and PFS of patients who had taken lenvatinib plus
sintilimab were longer than those of patients who had received lenvati-
nib monotherapy as first-line treatment. This finding would be useful in
informing the choice of antitumour drugs among Chinese male HBV-
related HCC patients in real-world clinical practice.
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6. Conclusion

Treatment with lenvatinib plus sintilimab is an effective and safe first-
line treatment option for Chinese men with advanced HCC related to
HBV and may result in better long-term outcomes than lenvatinib alone.

7. Ethics approval and consent to participate

This study was approved by the director of the Fifth Medical Center of
PLA General Hospital (Beijing, China). The authors reviewed the patients'
medical records and collected relevant information. Written informed
consent was obtained from patients/participants. Any potentially iden-
tifying images or data contained in this article were published with the
written consent of the individual(s).
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