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Purpose: Anlotinib, a novel multi-target tyrosine kinase inhibitor, has shown encouraging antitumor effects in advanced hepatocel-
lular carcinoma (HCC). This study evaluated the effectiveness and safety of anlotinib with or without programmed death-1 (PD-1)
blockades for patients with advanced primary HCC in a real-world setting in China.
Patients and Methods: Between July 2019 and May 2021, 27 patients with advanced primary HCC who received at least 2 cycles of
anlotinib were included in this retrospective study. Primary endpoint was objective response rate (ORR). Secondary endpoints were
disease control rate (DCR), progression-free survival (PFS), overall survival (OS), and safety.
Results: Of the 27 patients, ORR and DCR were 25.93% and 74.07%, respectively. The median follow-up time was 6.27 months (range:
1.30–17.40) with a median PFS and OS of 3.29 months (95% CI: 1.31–15.47) and 6.21 months (95% CI: 2.23–15.87), respectively. A total
of 14 patients received anlotinib and PD-1 blockade combination therapy, and 13 received anlotinib monotherapy. No significant
differences were observed in ORR (28.57 vs 23.08%), DCR (71.43 vs 76.92%), PFS (3.38 [95% CI: 2.66–13.14] vs 11.86 months
[95% CI: 4.27–15.93]) and OS (4.90 [95% CI: 2.56–13.60] vs 11.04 months [95% CI: 1.31–17.18]) between the two groups (all p>0.05).
Treatment-related AEs were reported in 88.89% of patients. Grade 3 AE was bleeding, which occurred in 3 patients (11.11%).
Conclusion: Anlotinib yielded a promising efficacy and manageable safety in patients with advanced primary HCC irrespective of
whether patients received PD-1 blockades, indicating that anlotinib might be a promising treatment option for this patient population.
Keywords: anlotinib, objective response rate, PD-1 blockades, primary hepatocellular carcinoma

Introduction
Primary liver cancer is the second leading cause of tumor-related death and the fourth most common malignancy in
China, and around 90% of cases are hepatocellular carcinoma (HCC).1 There are approximately 466,000 new cases and
422,000 death cases of HCC in China annually, accounting for over half of the total incidence and mortality worldwide.2

Since it is difficult to detect this malignant tumor at an early stage, the prognosis of HCC is poor.3 In advanced HCC,
radical surgery becomes infeasible as the tumor has spread beyond the liver.4 For more than one decade, sorafenib is the
only systemic therapy to improve the survival of advanced HCC.5 However, the median survival of advanced HCC was
prolonged by fewer than 3 months from sorafenib, and less than 5% of patients achieved an objective response rate
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(ORR).6,7 Although several new drugs (lenvatinib, regorafenib, and cabozantinib) have been approved for the treatment
of advanced HCC since 2017, the clinical efficacy of these drugs is not superior to that of sorafenib.8–10 Therefore, it is
extremely crucial to develop a novel and effective therapy for advanced HCC.

In recent years, anti-programmed cell death-1 (PD-1)/anti-programmed death ligand-1 (PD-L1)-based immune check-
point inhibitor (ICI) therapy has represented a breakthrough in tumor drug development.11,12 Anti-PD-1/anti-PD-L1
monotherapy has been approved for the treatment of more than ten cancers, with an ORR of 15–20% and acceptable
safety profiles.13,14 Despite the initial enthusiasm for ICI therapy in the treatment of advanced HCC, anti-PD-1 mono-
therapy did not demonstrate significant improvement in overall survival (OS).15,16 A Phase III randomized trial investigated
first-line single-agent anti–PD-1/PD-L1 therapy (nivolumab monotherapy) compared with sorafenib for patients with
advanced HCC and found that the OS was identical between two groups (16.4 months vs 14.7 months, p=0.075).15

Similarly, patients receiving pembrolizumab (anti-PD-1 monotherapy) plus best supportive care as second-line treatment
did not report significant improvement in OS (13.9 months vs 10.6 months, p=0.0238) compared to placebo plus best
supportive care.16 Therefore, it is necessary to explore combinational strategies with other treatments to enhance the
efficacy of ICIs in the treatment of advanced HCC.

Angiogenesis is one of the crucial events during cancer progression as it is required for sustained tumor growth
and metastasis.17 It has been proved that anti-angiogenic drugs can regulate immune-related cells in the tumor
microenvironment, thus affecting the clinical efficacy of ICIs.18 Anlotinib is a newly developed oral angiogenesis
inhibitor that selectively targets the vascular endothelial growth factor 2 (VEGF2).19 A preclinical study demon-
strated that anlotinib significantly prompted the apoptosis, inhibited the proliferation of HCC cells, and alleviated
HCC progression possibly by inhibiting B cell CLL/lymphoma-2 (BCL-2) and Survivin expression and promoting
Bax expression via inactivating extracellular signal-regulated kinase (ERK) and protein kinase B (Akt) pathways.20

Based on the above results, a Phase II study was performed to assess the efficacy and safety of anlotinib as a first-
or second-line treatment for patients with advanced HCC.21 The results showed that anlotinib showed promising
efficacy and safety in advanced HCC, with a 12-week progression-free survival (PFS) rate of 80.8% and 72.5%,
respectively, in patients who received anlotinib with or without prior tyrosine kinase inhibitors (TKIs).21 As the
sample size of the phase II study was limited, the efficacy of anlotinib in advanced HCC still needed to be further
verified by expanded clinical research. Moreover, a preclinical study has shown that anlotinib can ameliorate the
tumor immune microenvironment by downregulating PD-L1 expression to inhibit tumor growth.22 In a mouse model
of lung cancer, anlotinib combined with PD-1 inhibitor can promote the infiltration of the innate immune cells, and
confer potentially synergistic antitumor activity.23 Although several phase II studies have confirmed the clinical
benefit of anti-PD-1 monotherapy (sintilimab or penpulimab) plus anlotinib for advanced or unresectable HCC, both
studies were performed in the first-line setting.24,25 Evidence of anlotinib combined with anti-PD-1 monotherapy
as second-line or further therapy in advanced HCC is still scanty currently, especially in the real-world setting. Thus,
a retrospective, real-world study was conducted to evaluate the effectiveness and safety of anlotinib with or without
PD-1 blockades as first-line or further therapy for Chinese patients with advanced primary HCC.

Materials and Methods
Study Design and Patients
This was a retrospective, single-center, real-world study (http://www.chictr.org.cn; registration number:
ChiCTR2100054806) to evaluate the effectiveness and safety of anlotinib for patients with advanced primary HCC.
A total of 27 patients with advanced primary HCC were included between July 2019 and May 2021. The study was
conducted following the Declaration of Helsinki and approved by the ethic committee institutional review board of The
First Affiliated Hospital of Henan University of Traditional Chinese Medicine (number: 2021HL-266). Informed consent
from patients was exempted by the ethical review.

Patients who were aged 18–80 years, had histopathologically or cytologically confirmed advanced primary HCC
according to the Guidelines for the Diagnosis and Treatment of Primary Liver Cancer (2019 edition)26 in China, and
received at least 2 cycles of anlotinib were eligible for the study. Patients were also required to have survival data,
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adverse events (AEs), and at least one follow-up radiological information (computed tomography). Patients who under-
went radical surgery, as well as pregnant or lactating patients, were excluded from this study.

Therapy
Anlotinib was given orally once daily with an initial dose of 8–12 mg (day 1–14, every 3 weeks per cycle; Chia-tai
Tianqing Pharmaceutical Co., Ltd., Nanjing, China). Discontinuation, suspension, and dose modification of anlotinib
were allowed according to the disease progression or AEs.

Whether to receive PD-1 blockades was the choice of physicians according to the comprehensive evaluation of the
patient’s condition, concomitant diseases (such as hepatitis), and economic situation. The PD-1 blockades including camre-
lizumab (200 mg every 3 weeks; Jiangsu Hengrui Pharmaceutical Co., Ltd., Lianyungang, China), tislelizumab (200 mg every
3 weeks; BeiGene Co. Ltd, Shanghai, China), nivolumab (200 mg every 3 weeks; Bristol-Myers Squibb), and pembrolizumab
(100 mg every 3 weeks; MSD R&D [China] Co., Ltd, Shanghai, China) were administrated via an intravenous drip.

Treatment Evaluation
Information on the patients’ demographic characteristics, laboratory test results, radiological information, survival data,
and AEs were collected retrospectively. The tumor response was assessed by the investigator according to the Response
Evaluation Criteria in Solid Tumours (RECIST) version 1.1 using computed tomography scans.27

The primary endpoint was the ORR, which was defined as the proportion of patients who achieved complete response
(CR) or partial response (PR). Secondary endpoints included disease control rate (DCR), PFS, OS, and safety. The ORR,
DCR, PFS, and OS were also analyzed in subgroups of patients who had received different therapeutic regimens
(anlotinib monotherapy vs anlotinib and PD-1 blockade combination therapy). The DCR was defined as the proportion
of confirmed CR, PR, or stable disease (SD) at the best response. The PFS was defined as the time from the start of
therapy to radiographic disease progression or death from any cause. The OS was defined as the time from the start of
therapy until the date of death from any cause. Safety was assessed by AEs according to the Common Terminology
Criteria Adverse Events version 5.0 (CTCAE 5.0).

Statistical Analysis
The SPSS software (version 21.0, SPSS Institute. IL., USA) was used for statistical analysis. The Shapiro–Wilk test was
used to confirm the normality of data distribution. The continuous variables were present by mean with standard
deviation (normally distributed data) or median and interquartile range (skewed distributed data), while categorical
variables were expressed as numbers and percentages. Between-group comparisons of normally distributed continuous
variables were analyzed using Student’s t-test, and skewed distributed continuous variables were analyzed using Mann–
Whitney U-test. Between-group comparisons of categorical variables were analyzed using χ2 of Fisher’s exact tests. PFS
and OS were calculated by the Kaplan-Meier method and compared using a stratified Log rank test. The analysis for
ORR and DCR was based on the best overall response. P<0.05 was considered significant.

Results
Patient Characteristics
Between July 2019 and May 2021, 27 patients (mean age, 57.89±12.03 years; 21 male, 6 female; mean body weight,
64.31±11.00 kg) with advanced primary HCC were included in this retrospective study. The baseline characteristics of
the 27 patients are shown in Table 1. The majority of patients were older than 60 years of age (15/27, 53.6%), had
extrahepatic metastasis (17/27, 62.96%), hepatic cirrhosis (23/27, 85.19%), and hepatitis B (22/27, 81.48%). Five
patients (18.52%) had Barcelona Clinic Liver Cancer (BCLC) B stage disease, 15 patients (55.56%) had BCLC
C stage, and 7 patients (25.93%) had BCLC D stage. The mean tumor size at baseline was 8.21±5.85 cm.
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Treatment
All patients received anlotinib as first-line (11/27, 40.74%), second-line (9/27, 33.33%), third-line (5/27, 18.52%), or
fourth-line treatment (2/27, 7.41%). The initial doses of anlotinib were 8 mg (12/27, 44.44%), 10 mg (6/27, 22.22%), and
12 mg (9/27, 33.33%), respectively. At the time of data cutoff (September 15, 2021), the median duration of anlotinib
was 4.20 months (range, 0.77–17.40). No patient experienced the dose modification of anlotinib. Discontinuations of
anlotinib were observed in 18 patients (disease progression, n=6; AEs, n=6; unknown, n=6).

Among the 27 patients, 14 (51.85%) received anlotinib and PD-1 blockade combination therapy, and 13
(48.15%) received anlotinib monotherapy (Table 1). Combination therapy with PD-1 blockades in 14 patients
included camrelizumab, tislelizumab, nivolumab, and pembrolizumab in 11 (78.57%), 1 (7.14%), 1 (7.14%), and
1 (7.14%) patients, respectively.

Table 1 Baseline Characteristics of All Patients

Total (n=27) Combination Group (n=14) Monotherapy Group (n=13) P value

Age (years; n, %), ≤60/>60 13 (48.15)/14 (51.85) 6 (42.86)/8 (57.14) 8 (61.54)/5 (38.46) 0.280
Gender (n, %), male/female 21 (77.78)/6 (21.4) 10 (71.43)/4 (28.57) 11 (84.62)/2 (15.38) 0.362

Height (cm), Mean±SD 168.15±6.78 167.35±2.09 169.00±1.56 0.540

Body weight (kg), Mean±SD 64.31±11.00 65.54±3.52 63.00±2.32 0.560
Tumor size (cm), Mean±SD 8.21±5.85 8.97±1.03 7.41±2.27 0.517

Drinking history (n, %) 3 (11.11) 1 (7.14) 2 (15.38) 0.471

AFP (n, %), ≤400/>400 14 (51.85)/13 (48.15) 6 (42.86)/8 (57.14) 8 (61.54)/5 (38.46) 0.280
Extrahepatic metastasis (n, %) 17 (62.96) 8 (57.14) 9 (69.23) 0.402

Hepatic cirrhosis (n, %) 23 (85.19) 13 (92.86) 10 (76.92) 0.269
Hepatitis (n, %)

None 2 (7.41) 1 (7.14) 1 (7.69) 0.741

B 22 (81.48) 11 (78.57) 11 (84.62) 0.538
C 3 (11.11) 2 (14.29) 1 (7.69) 0.529

Child-Pugh class (n, %) 0.188

A 16 (59.26) 9 (64.29) 7 (53.85)
B 8 (29.63) 5 (35.71) 3 (23.08)

C 3 (11.11) 0 3 (23.08)

Previous therapy (n, %)
Surgery 5 (18.52) 2 (14.29) 3 (23.08) 0.455

Radiofrequency ablation 8 (29.63) 5 (35.71) 3 (23.08) 0.385

TACE 18 (66.67) 8 (57.14) 10 (76.92) 0.279
Chemotherapy 3 (11.11) 1 (7.14) 2 (15.38) 0.730

Radiotherapy 6 (22.22) 4 (28.57) 2 (15.38) 0.048

Immunotherapy 12 (44.44) 11 (78.57) 1 (7.69) 0.000
Targeted therapy 18 (66.67) 10 (71.43) 8 (61.54) 0.445

Antiviral therapy 22 (81.48) 11 (78.57) 11 (84.62) 0.538

Traditional Chinese medicine 24 (88.89) 12 (85.71) 12 (92.31) 0.529
BCLC stage (n, %) 0.452

B 5 (18.52) 3 (21.43) 2 (15.38)

C 15 (55.56) 9 (64.29) 6 (46.15)
D 7 (25.93) 2 (14.29) 5 (38.46)

CNLC stage (n, %) 0.193

II 5 (18.52) 2 (14.29) 3 (23.08)
III 15 (55.56) 10 (71.43) 5 (38.46)

IV 7 (25.93) 2 (14.29) 5 (38.46)

Abbreviations: AFP, alpha-fetoprotein; TACE, transhepatic arterial chemotherapy and embolization; BCLC, Barcelona Clinic Liver Cancer; CNLC, China Liver Cancer
Staging.
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Clinical Outcomes
At the time of data cutoff, the median follow-up time was 6.27 months (range: 1.30–17.40). Of all 27 patients, 5
(18.52%) met the RECIST criteria for attaining a CR as their best response (Figure 1). Two patients (7.41%) had PR, 13
(48.15%) had SD, and 7 (25.93%) had progression disease (PD). The ORR and DCR were 25.93% and 74.07%,
respectively. The median best percentage change in tumor size was −0.0% (IQR, −31.91 to +22.86%; Figure 2). At
data cut-off, OS data were still evolving, with deaths occurring in a total of 12 patients (44.44%). The median PFS was
3.29 months (95% CI: 1.31–15.47), and the median OS was 6.21 months (95% CI: 2.23–15.87) (Figure 3).

Figure 1 Percentage change in tumor size from baseline.
Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD, progression disease.

Figure 2 Best percentage change in tumor size from baseline. *The best percentage change in tumor size from baseline was 0.0%.
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Of the 14 patients who received anlotinib and PD-1 blockade combination therapy, 3 (21.43%) achieved a CR, 1
(7.14%) achieved a PR, 6 (42.86%) had SD, and 4 (28.57%) had PD. The ORR and DCR were 28.57% and 71.43%,
respectively. The median PFS and OS were 3.38 months (95% CI: 2.66–13.14) and 4.90 months (95% CI: 2.56–13.60),
respectively (Figure 4). For patients who received anlotinib monotherapy, the ORR, DCR, median PFS, and median OS
were 23.08% (2 CR, 1 PR), 76.92% (2 CR, 1 PR, 7 SD), 11.86 months (95% CI: 4.27–15.93) and 11.04 months (95% CI:
1.31–17.18), respectively. No statistical difference existed in the ORR, DCR, PFS, and OS between the two groups (all
p>0.05).

Safety
As shown in Table 2, treatment-related AEs were reported in 24 patients (88.89%). The most frequently observed AEs
of any grade were anorexia (16/27, 59.26%), thrombocytopenia (10/27, 37.04%), hypertension (9/27, 33.33%), diarrhea
(8/27, 29.63%), fatigue (6/27, 22.22%), and anaemia (5/27, 18.52%). Most treatment-related AEs were regarded as
grade 1–2 (21/27, 77.78%). Treatment-related grade 3 AE was bleeding, which occurred in 3 patients (11.11%). No
treatment-related grade 4 AEs or serious AEs were observed. Safety profiles (Table 2) of the anlotinib and PD-1

Figure 3 Kaplan–Meier curves. (A) Progression-free survival of all patients. (B) Overall survival of all patients.

Figure 4 Kaplan–Meier curves according to therapeutic regimens. (A) Progression-free survival according to therapeutic regimens (anlotinib monotherapy vs anlotinib and
PD-1 blockade combination therapy). (B) Overall survival according to therapeutic regimens (anlotinib monotherapy vs anlotinib and PD-1 blockade combination therapy).
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blockade combination group and anlotinib monotherapy group were comparable (p>0.05), except for anorexia of any
grade (85.71% vs 30.77%, p=0.005).

Subgroup Analyses According to the Line of Therapy
Subgroup analyse was performed according to the line of therapy (first-line vs ≥second-line treatment). Among the 27
patients, 11 (40.74%) received anlotinib as first-line treatment, and 16 (59.26%) received anlotinib as ≥second-line
treatment. For patients who received anlotinib as first-line treatment, the ORR, DCR, median PFS and median OS was
36.36% (3 CR, 1 PR), 90.91% (3 CR, 1 PR, 6 SD), 3.32 months (95% CI: 1.31–15.47) and 11.63 months (95% CI: 3.52–
15.87), respectively. Of the 16 patients who received anlotinib as ≥second-line treatment, 2 (12.50%) achieved a CR, 1
(6.25%) achieved a PR, 7 (43.75%) had SD, and 6 (37.50%) had PD, with an ORR and DCR of 18.75% and 62.50%,
respectively. The median PFS and OS was 3.38 months (95% CI: 2.17–11.86) and 13.21 months (95% CI: 4.11–17.18),
respectively. No significant difference was found in the ORR, DCR, PFS, and OS between the two groups (all p>0.05,
Figure 5).

Discussion
The retrospective, real-world study demonstrated that patients with advanced primary HCC who received at least 2 cycles
of anlotinib as first-line or further therapy had a promising efficacy and acceptable safety irrespective of whether received

Table 2 Summary of Treatment-Related Adverse Events in All Patients

Adverse Events Total (n=27) Combination Group (n=14) Monotherapy Group (n=13) P value*

Any Grade Grade 1–2 Grade 3 Any Grade Grade 1–2 Grade 3 Any Grade Grade 1–2 Grade 3

Anorexia 16 (59.26) 16 (59.26) 0 12 (85.71) 12 (85.71) 0 4 (30.77) 4 (30.77) 0 0.005

Thrombocytopenia 10 (37.04) 10 (37.04) 0 7 (50.00) 7 (50.00) 0 3 (23.08) 3 (23.08) 0 0.147

Hypertension 9 (33.33) 9 (33.33) 0 6 (42.86) 6 (42.86) 0 3 (23.08) 3 (23.08) 0 0.249

Diarrhoea 8 (29.63) 8 (29.63) 0 4 (28.57) 4 (28.57) 0 4 (30.77) 4 (30.77) 0 0.615

Fatigue 6 (22.22) 6 (22.22) 0 4 (28.57) 4 (28.57) 0 2 (15.38) 2 (15.38) 0 0.362

Anaemia 5 (18.52) 5 (18.52) 0 2 (14.29) 2 (14.29) 0 3 (23.08) 3 (23.08) 0 0.462

Proteinuria 3 (11.11) 3 (11.11) 0 2 (14.29) 2 (14.29) 0 1 (7.69) 1 (7.69) 0 0.529

Hand-foot syndrome 3 (11.11) 3 (11.11) 0 3 (21.43) 3 (21.43) 0 0 0 0 0.124

Bleeding 4 (14.71) 1 (3.70) 3 (11.11) 3 (21.43) 1 (7.14) 2 (14.29) 1 (7.69) 0 1 (7.69) 0.327

Notes: Data were expressed as n (%); *p value of any grade between combination and monotherapy group.

Figure 5 Kaplan–Meier curves according to the line of therapy. (A) Progression-free survival according to the line of therapy (first-line vs ≥second-line treatment). (B)
Overall survival according to the line of therapy (first-line vs ≥second-line treatment).
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PD-1 blockades. The high ORR (25.93%) and DCR (74.07%), as well as long median PFS (3.29 months [95% CI: 1.31–
15.47]) and OS (6.21 months [95% CI: 2.23–15.87]), observed in the present study, indicated that anlotinib might be
a promising treatment option for advanced primary HCC.

Anlotinib is a novel multi-target TKI that inhibits both tumor cell proliferation and tumor angiogenesis.28 Compared
with other TKIs (sorafenib, pazopanib, and sunitinib), anlotinib can inhibit more targets including VEGFR1, VEGFR2,
VEGFR3, fibroblast growth factor receptors (FGFR1, FGFR2, and FGFR3), platelet-derived growth factor receptor
(PDGFR-α and PDGFR-β), and c-Kit.29 A preclinical study has shown that the anti-angiogenic activity of anlotinib is
better than that of sorafenib, sunitinib, and nintedanib, which are the three main anti-angiogenesis agents in the clinic.30

In the present study, we evaluated the effectiveness of anlotinib monotherapy for patients with advanced primary HCC.
As expected, our study revealed encouraging results with an ORR of 23.08% and an OS of 11.04 months. Previous
studies have reported that the ORR and OS achieved in sorafenib, sunitinib, and lenvatinib were 2.0–6.9% and 6.3–10.9
months,6,7,31 2.7–2.9% and 8.0–9.8 months,32,33 18.8% and 13.6 months,8 respectively. Besides, our result was also
higher than that reported by Sun et al, which indicated an ORR of 8.3% and 3.9%, respectively, in patients who received
anlotinib with or without prior TKIs.21 The reason for the dramatic improvement in ORR with anlotinib monotherapy
over previous reports might result from a bias introduced by the small sample size in these studies. Moreover, the
baseline characteristics of included patients (Child-Pugh class, BCLC stage, and CNLC stage), the initial dose of
anlotinib, and previous treatment history may also contribute to the discrepancy in ORR. Anyway, based on the above
results, anlotinib was comparable to other TKIs in patients with advanced HCC, suggesting anlotinib is a promising
treatment option for advanced HCC. Certainly, further studies with a larger sample size are necessary to make a definitive
conclusion regarding the efficacy of anlotinib in advanced HCC.

Increasing evidence has confirmed that anti-angiogenic therapy plays an immunomodulatory role in the tumor
microenvironment, which seems to enhance the efficacy of PD-1 blockades by increasing the infiltration of immune
effector cells into tumors and normalizing abnormal tumor vessels.34–36 Anlotinib conferred significantly synergistic
therapeutic benefits when combined with ICIs in a preclinical study.23 A meta-analysis demonstrated that PD-1/PD-L1
monoclonal antibodies resulted in an ORR of 20%, a DCR of 60%, a PFS of 3.58 months, and an OS of 12.24 months in
patients with advanced HCC.37 Phase II study of sintilimab (a novel selective anti-PD-1 monoclonal antibody) plus
anlotinib yielded an improvement in ORR (42.9%) and DCR (92.9%) in patients with advanced HCC.24 Besides,
penpulimab (a humanized anti-PD-1 antibody) plus anlotinib demonstrated an ORR of 31.0%, a DCR of 82.8%, and
a median PFS of 8.8 months (95% CI, 4.0–12.3) after the first-line treatment in Chinese patients with unresectable
HCC.25 In the present study, anlotinib and PD-1 blockades combination therapy resulted in an encouraging ORR of
28.57% and a DCR of 71.43%, which was comparable to previously combination therapy or PD-1/PD-L1 monotherapy.
However, anlotinib and PD-1 blockade combination therapy in our study not tended to yield a favorable efficacy than
anlotinib monotherapy in terms of ORR, DCR, PFS, and OS (all p>0.05). Overall, these results suggested that anlotinib
yielded a promising efficacy in patients with advanced primary HCC irrespective of whether patients received PD-1
blockades. However, large sample size clinical trials should be conducted to further evaluate the efficacy difference of
anlotinib with or without PD-1 blockades for patients with advanced primary HCC.

Anlotinib was generally well tolerated for our patients with advanced primary HCC. Moreover, anlotinib tended to
yield a slightly higher safety profile (88.89%) compared with sorafenib (98.5%) and lenvatinib (100.0%).31,38 Similar to
other TKIs (sorafenib, sunitinib, and lenvatinib),31,32,38 the most frequently observed AEs were anorexia, thrombocyto-
penia, hypertension, diarrhea, fatigue, and anemia. These AEs were also similar to those described in other studies for
anlotinib,39–41 and no unexpected AEs were observed in our study. Of special concern was that majority of AEs were
regarded as grade 1–2 (77.78%). As bleeding was the main concern of any antiangiogenic treatment, the only grade 3 AE
reported in our study was bleeding, but the occurrence was low (11.11%). Besides, no treatment-related grade 4 AEs or
serious AEs were observed in the present study. Overall, our study demonstrated the acceptable safety and tolerability for
anlotinib.

In our study, the following limitations should be taken into account. Firstly, the retrospective study design might
cause selection bias. Secondly, this study was conducted at a single institute in China, which might affect the general-
izability of the results to a broader population. Thirdly, the subgroup analysis with sufficient power was limited by the
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small sample size. Finally, patients’ characteristics were not analyzed to determine which patients benefited more from
anlotinib. Therefore, a double-blind randomized controlled trial with larger sample size is planned to be carried out to
further evaluate the efficacy and safety of anlotinib with or without PD-1 blockades for patients with advanced
primary HCC.

Conclusion
The retrospective, real-world study in China demonstrated that anlotinib yielded a promising efficacy and manageable
safety in patients with advanced primary HCC irrespective of whether patients received PD-1 blockades, indicating that
anlotinib might be a promising treatment option for this patient population. Clinical trials with a large sample size
should be carried out to further evaluate the efficacy of anlotinib with or without PD-1 blockades for advanced
primary HCC.
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