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Abstract

Purpose This study aimed to assess efficacy and safety of anlotinib as a first- or second-line treatment for advanced or meta-
static hepatocellular carcinoma (aHCC) and to identify the predictive plasma cytokines on efficacy of anlotinib.

Methods It was a phase II clinical study. Patients with aHCC were recruited from October 2016 to April 2019 and divided
into two cohorts according to previous tyrosine kinase inhibitors (TKIs) therapy. Those without or with prior TKIs were
in Cohort 1 or 2, respectively. All patients took anlotinib (12 mg/day, Day1-14, 3 weeks per cycle). The primary endpoint
was 12-week progression-free survival (PFS) rate. Relationship between the series plasma cytokine level and the efficacy
of anlotinib was analyzed.

Results Enrolled 26 patients in Cohort 1 and 24 in Cohort 2. In Cohort 1, the 12-week PFS rate was 80.8% [95% confi-
dence interval (CI); 59.8%-91.5%] and median time to progression (TTP) was 5.9 months (95% CI 4.8-6.9). In Cohort 2,
the 12-week PFS rate and median TTP was 72.5% (95% CI1 48.7%—86.6%) and 4.6 months (95% CI 2.7-10.0), respectively.
The median TTP on patients with a baseline plasma level of CXCL1 (C-X-C motif chemokine ligand 1) less than 7.6 ng/
pl was significantly longer in both cohorts. The most common grade 3-5 adverse events were hypertension (8%), diarrhea
(8%) and hand-foot syndrome (6%).

Conclusion Anlotinib showed promising efficacy and safety as a first- or second-line treatment with a continuous TKIs
treatment strategy in aHCC. The plasma CXCL1 might be a predictor for the efficacy of anlotinib.

Keywords Hepatocellular carcinoma - Anlotinib - Anti-tumor efficacy - Adverse events - Biomarker - Cytokine - Tyrosine
kinase inhibitors - Progression-free survival - Time to progression - Safety

Introduction due to the high incidence of Hepatitis B Virus infection [2].
Angiogenesis-based targeted therapy has been standard man-
Hepatocellular carcinoma (HCC) ranks the seventh most ~ agement for advanced HCC since the approval of sorafenib
common and second most fatal malignant tumor worldwide  in 2007. Though there was a limited survival benefit, espe-

[1]. Half of the prevalence and mortality occurred in China  cially in Chinese patients, with a median time to progression
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(TTP) of 2.8 months and overall survival (OS) of 6.5 months
in a pivotal Oriental trials, sorafenib remained the unique
targeted agent in first-line treatment until the approval of
lenvatinib in 2019 [3]. Three other agents, regorafenib, car-
bozanitinib and ramucirumab, were approved for second-line
treatment, and progression-free survival (PFS) varied from
2.8 to 5.2 months and OS from 8.5 to 10.6 months [4-6].
It suggested the importance of continuous anti-angiogenic
treatment for HCC.

Several issues on angiogenesis targeted therapy remain
clinically relevant for HCC. First of all, resistance occurs
inevitably. Though the exact mechanism of resistance
remains unclear, it is believed the activation of the Fibroblast
Growth Factor Receptor (FGFR) pathway, another angio-
genic pathway, plays an important role [7]. Secondly, no
predictive biomarkers have been clearly defined for angio-
genesis-based therapy. A Japanese study found a relationship
between the better efficacy of lenvatinib and a higher level of
serum Fibroblast growth factor 19 (FGF19) or a lower level
of Angiopoietin 2 (Ang-2) [8]. However, the markers have
not been tested in large-scale studies.

The approval of Nivolumab in September 2017 unveiled
a new era of immunotherapy for HCC. But it failed to
show superiority to sorafenib as a first-line treatment. The
embarrassment was terminated by IMbrave 150 study.
The combination of Atezolizumab (Programmed Death
Ligand-1 [PD-L1] inhibitor) and bevacizumab achieved sig-
nificant improvements over sorafenib in median OS (19.2
vs. 13.4 months, p = 0.0009), PES (6.9 vs. 4.3 months,
p =0.0001) and ORR (30% vs. 11%) [9]. While consistent
activities are exhibited with other combinations of immune
checkpoint inhibitors (ICIs) and different anti-angiogenic
Tyrosine Kinase Inhibitors (TKIs), the safety profile has
become more clinically concerning. Better tolerated TKIs
are sought to be used in combination with PD-1/PD-L1
inhibitors. Overall, it is still vital to develop novel potent
targeted agents with favorable safety profiles and abilities
to overcome anti-angiogenesis resistance.

Anlotinib is a novel multi-targeting TKI, with substantial
inhibitory activity against Vascular Endothelial Growth Fac-
tor Receptor (VEGFR) 1-3, Platelet-derived Growth Fac-
tor Receptor (PDGFR) o/f, FGF Receptor 1-4, and c-kit
[10]. In vitro studies, anlotinib blocked VEGFR2 with an
extremely low half-maximal inhibitory concentration (IC50)
value of 0.2 nM [11]. Anlotinib downregulated phosphoryla-
tion of FGFR1 at an inhibition rate of 45.0% (p-FGFR1/
FGFR1) at 1 pM, and showed an IC50 value of 25 nM in
AN3Ca cells overexpressing mutant FGFR2 [11, 12]. Anlo-
tinib has been approved for the treatment of non-small cell
lung cancer, small cell lung cancer and soft tissue sarcoma
in China. Due to its potent inhibitory activity and additional
activity against FGFR2, anlotinib was believed to have
favorable antitumor activity as first- or second-line treatment
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in HCC. In vitro studies, anlotinib significantly inhibited the
proliferation of HCC cells and prompted apoptosis. Sub-
sequent animal experiments also illustrated that anlotinib
reduced HCC progression [13]. To clarify the clinical effi-
cacy and safety of anlotinib in first- and second-line treat-
ment for advanced HCC, we conducted this pilot phase II
study (NCT02809534) since October 2016, when sorafenib
stood as the unique available targeted agent worldwide. We
also analyzed the plasma level of some concerned cytokines
with an attempt to identify the predictive markers.

Patients and methods
Study design

This was an open-label phase II clinical trial conducted at
the Cancer Hospital of the Chinese Academy of Medical
Sciences. It was carried out in accordance with the Decla-
ration of Helsinki and Good Clinical Practice Guidelines
and was approved by the independent institutional ethics
committee. All enrolled patients signed written informed
consent forms.

Patients

Patients enrolled were 18-75 years old and had locally
advanced or metastatic HCC with a histologically or cyto-
logically confirmed diagnosis. Eligible patients were ineli-
gible for or refractory to locoregional therapies, including
arterially directed therapies, ablation, radiotherapy and sur-
gery; those were with Child—Pugh score < 8§, Eastern Coop-
erative Oncology Group Performance Status (ECOG PS) 0
or 1; at least one measurable lesion according to Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1;
adequate vital organ function. The main exclusion criteria
were a diagnosis of cholangiocarcinoma, mixed cell carci-
noma or fibrolamellar cell carcinoma; HBV DNA > 2000 U/
ml; previous or preparation for liver transplantation; bleed-
ing tendency; and brain metastasis.

Patients without previous TKIs treatment were in Cohort
1, while those had been treated by prior first-line TKIs were
in Cohort 2.

Procedures

Anlotinib were given orally once daily at 12 mg on Day
1-14, every three weeks per cycle. The treatment continued
until progressive disease (PD) or intolerable toxicity. Dosage
reduction to 10 mg/day or even 8 mg/day of anlotinib was
allowed due to grade 3 non-hematologic or grade 4 hema-
tologic toxicities.
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Scheduled visits and computed tomography (CT) or
magnetic resonance imaging (MRI) examinations were
performed every two cycles. Tumor response was evalu-
ated by investigators according to RECIST version 1.1. The
Common Terminology Criteria Adverse Events version 4.0
(CTCAE 4.0) was used for grading adverse events (AEs).

Clinical outcomes

The primary endpoint was 12-week PFES rate. The secondary
endpoints included TTP, ORR, OS, 24-week PFS rate and
safety. The 12-week PFS rate and 24-week PFS rate was the
percentage of patients who did not develop PD or died at
week 12 or week 24, respectively. TTP referred to time from
enrollment to PD. OS was defined as the time from enroll-
ment to death from any cause. ORR was the percentage of
patients with a confirmed complete or partial response.

Biomarker detection

In this study, 8 ml of peripheral blood was scheduled to
be collected during enrollment and at disease progression
for each patient. The plasma concentrations of VEGF,
PDGF, FGF-2, Programmed Death-1 (PD-1), C-X-C motif
chemokine ligand 1 (CXCL1), Interleukin-2 (IL-2) and
other cytokines were detected by Luminex® MAGPIX sys-
tem (cytokines list were shown in Supplementary Table 1).
Cytokine concentrations changes between the time of enroll-
ment and PD were calculated. The correlation between base-
line level of cytokines and TTP or OS were analyzed, in
which the cutoff value was selected according to the median

Fig.1 CONSORT diagram

of two cohorts in this study.
RECIST Response evaluation
criteria in the solid tumor, HBV
Hepatitis B virus, DNA Deoxy-
ribonucleic acid, AST Aspartate
aminotransferase, ALT Alanine
aminotransferase, TIBL Total

concentration of each cytokine or regulatory receiver operat-
ing characteristic (ROC) curve.

Statistical analysis

It was sought to demonstrate a 12-week PFS rate of 80% in
Cohort 1 and 70% in Cohort 2. Compared with the historical
12-week PFS rate of 65% in first-line sorafenib and 12-week
PFS rate of 50% in second-line regorafenib [4, 14, 15], 24
patients in Cohort 1 and 22 in Cohort 2 would be enrolled to
achieve a 80% power with a two-sided 5% test. The accrual
and follow-up period was estimated to be 12 months and
18 months, respectively. Considered a potential drop-out
of approximately 10% of patients, a total of 27 patients in
Cohort 1 and 24 in Cohort 2 will be recruited.

Efficacy and safety assessments were based on full analy-
sis set (FAS) and safety analysis set (SS), respectively, which
both included patients had received at least one dose of anlo-
tinib. Kaplan—Meier (KM) analysis was used to estimate the
median value and 95% CI of OS and TTP. For comparison
between cytokine concentrations at baseline and those at
disease progression, the Wilcoxon signed-rank test was
used. The log-rank test was used to evaluate the relation-
ship between cytokine concentrations at a different cutoff
value and TTP or OS.

All the statistical tests were double-sided; p val-
ues <0.05 were considered statistically significant. SAS
version 9.4 (SAS Institute Inc.) was used for all statistical
analysis. NCSS_PASS version 15 was used for sample size
calculating.

80 patients screened |

30 patients excluded

50 patients enrolled |

bilirubin, PLT Platelet count, ‘
HGB Hemoglobin

Cohort 1 (n=26)

| Cohort2 (1=24) |

Death (n=1)

Discontinuation of Treatment (n=26)

Progressive Disease (n=22)

Withdrawal informed consent (n=2)

Adverse Events (n=1)

Discontinuation of Treatment (n=21)
Progressive Disease (n=15)
Withdrawal informed consent (n=3)
Violate the Protocol (n=1)

Adverse Events (n=2)

Treatment Onging (n =3)
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Results
Patients’ baseline characteristics and treatment

From October 2016 to April 2019, 80 patients were screened
and 50 of them were enrolled. According to their previous
treatment, 26 and 24 patients were in Cohort 1 and 2, respec-
tively. By the cutoff date December 18, 2019, 1 patient in
Cohort 1 and 3 in Cohort 2 were still on treatment (Fig. 1).
All patients were included in the FAS and SS for analysis.

Baseline characteristics were shown in Table 1. The
median duration of treatment was 5.0 months [95% CI
confidence interval (CI); 4.4-5.6] and 4.1 months (95% CI
3.2-5.0) in two cohorts. Among all the patients, 14 accepted
dose adjustment to 10 mg/day. There was no request to
adjust to 8 mg/day.

Post-progression treatments were applied in 5 patients by
PD-1 inhibitors and 10 by another targeted therapy in cohort
1. In Cohort 2, 4 patients received PD-1 inhibitors and 8
received other targeted agents.

Table 1 Baseline characteristics
of the patients

Total (n=50)

Cohort 1 (n=26) Cohort 2 (n=24)

Age, years, (Median, range)
Gender, n (%)
Male
Female
ECOG PS, n (%)
0
1
Child-Pugh score, n (%)
5
6
7
BCLC stage, n (%)
B
C
HBYV status, n (%)
Positive
Negative
HCV status, n (%)
Positive
Negative
Previous Surgery, n (%)
No
Yes
Macrovascular invasion, n (%)
No
Yes
Extrahepatic metastasis, n (%)
No
Yes
AFP, ng/ml, (Median, Range)
AFP >400 ng/ml
AFP <400 ng/ml
Prior target therapy®, n (%)
Yes

53 (27-70) 53 (36-66) 54 (27-70)
47 (94.0%) 25 (96.2%) 22 (91.7%)
3(6.0%) 1(3.9%) 2 (8.3%)
29 (58.0%) 14 (53.9%) 15 (62.5%)
21 (42.0%) 12 (46.2%) 9 (37.5%)
34 (68.0%) 19 (73.1%) 15 (62.5%)
13 (26.0%) 7 (26.9%) 6 (25.0%)
3 (6.0%) 0 3 (12.5%)
9 (18.0%) 5(19.2%) 4 (16.7%)
41 (82.0%) 21 (80.8%) 20 (83.3%)
40 (80.0%) 20 (76.9%) 20 (83.3%)
10 (20.0%) 6 (23.1%) 4 (16.7%)
10 (20.0%) 5(19.2%) 5 (20.8%)
40 (80.0%) 21 (80.8%) 19 (79.2%)
24 (48.0%) 11 (42.3%) 13 (54.2%)
26 (52.0%) 15 (57.7%) 11 (45.8%)
44 (88.0%) 23 (88.5%) 21 (87.5%)
6 (12.0%) 3(11.5%) 3 (12.5%)
11 (22.0%) 7 (26.9%) 4 (16.7%)
39 (78.0%) 19 (73.1%) 20 (83.3%)
189.0 (1.8-441,231) 189.0 (1.8-82,630) 998.8 (2.4-441,231)

24 (48.0%) 12 (46.2%) 12 (50.0%)
26 (52.0%) 14 (53.9%) 12 (50.0%)
0 (0%) 24 (100%)

ECOG PS Eastern Cooperative Oncology Group Performance Status, BCLC Barcelona Clinic Liver Can-
cer, HBV Hepatitis B virus, AFP Alpha Fetoprotein

“Prior target therapy included sorafenib (n=22), donafenib (n=1) and apatinib (n=1). Donafenib is a deu-
terated derivative of sorafenib. Apatinib is a multitarget tyrosine kinase inhibitor
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Primary and secondary endpoints

For patients in Cohort 1, the 12-week PFS rate was 80.8%
(95% CI 59.8-91.5%), and 24-week PFS rate was 54.2%
(95% CI 32.4-71.7%). The median TTP was 5.9 months
(95% CI 4.8-6.9) and median OS was 12.8 months (95% CI
7.9-20.1) (Fig. 2a, c). One patient (3.9%) achieved a partial
response (PR) and 21 patients (80.8%) had stable disease
(SD) (Table 2).

With regards to the patients in Cohort 2, the 12-week PFS
rate was 72.5% (95% CI 48.7-86.6%) and 24-week PFS rate
was 46.6% (95% CI 24.4-66.2%). The median TTP and OS
were 4.6 months (95% CI 2.7-10.0) and 18.0 months (95%
CI9.1-23.0), respectively (Fig. 2b, d). There were 2 patients

Fig.2 Kaplan—Meier time to

(8.3%) who achieved a PR, and 16 (66.7%) achieved a SD
(Table 2).

Further analysis of the OS showed, in Cohort 1, the
median OS of the subgroups with and without subsequent
targeted treatment were 20.1 months (95% CI 12.8-NE)
and 7.9 months (95% CI 5.7-19.0) [p=0.0160; hazard
ratio (HR)=0.26, 95% CI 0.08-0.84], respectively. How-
ever, the difference between subgroups of those with and
without subsequent targeted treatment in Cohort 2 was not
statistically significant [19.3 months (95% CI 18.0-23.0) vs.
11.7 months (95% CI 7.9-18.0), p=0.3010]. With regard to
the patients in Cohort 2, the median OS, redefined as from
the initiation of the prior first-line targeted therapy to death
of any cause, was 26.7 months (95% CI 20.6-36.9).
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Table 2 Primary and secondary
endpoints

Cohort 1 (n=26) Cohort 2 (n=24)

12-week PFS rate (95% CI)
24-week PFS rate (95% CI)
TTP, month, [Median (95% CI)]
0OS, month, [Median (95% CI)]
ORR (n)
Assessment of RECIST 1.1

CR (%)

PR (%)

SD (%)

PD (%)

NE (%)

80.8% (59.8%, 91.5%) 72.5% (48.7%, 86.6%)

54.2% (32.4%, 711.7%)

46.6% (24.4%, 66.2%)

5.9 (4.8, 6.9) 4.6 (2.7, 10.0)
12.8 (7.9, 20.1) 18.0 (9.1, 23.0)
3.9% (1) 8.3% (2)

0 0

3.9% (1) 8.3% (2)

80.8% (21) 66.7% (16)
15.4% (4) 20.8% (5)

0 42% (1)

PFS progression-free survival, TTP time to progression, OS overall survival, ORR objective response rate,
RECIST response evaluation criteria in solid tumors, CR complete response, PR partial response, SD stable
disease, PD progressive disease, NE not be evaluated

@ Springer
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Table 3 Differences between baseline and disease progression cytokine concentration changes

Cohort 1 Cohort 2
Name of Cytokine N Change (progression-baseline) p value NS Change (progression-baseline) p value
IL-2 8 -16.6 (-23.1,-6.9) 0.0234 7 —10.7 (- 34.5, - 1.0) 0.2969
IL-18 15 —-79(=195,25) 0.0181 15 0.6 (—16.0,9.7) 0.8469
CCL11 15 9.8(-3.6,17.8) 0.0353 15 7.5(0.2,16.4) 0.0413
CXCL1 9 35(=22,6.8) 0.2031 9 2.8 (1.2,20.6) 0.0273
CCL5 15 —25.6 (- 34.0, - 15.0) 0.0001 15 —12.6 (-324,-2.8) 0.0302
FGF-2 5 3.5(-3.5,5.5) 1.0000 4 7.4 (2.4,16.0) 0.1250
SCF 15 -18(-42,14) 0.0946 15 -35(-70,-14) 0.0026
VEGF-A 15 116.8 (70.9, 301.9) 0.0002 15 197.8 (8.1, 446.5) 0.0015
VEGF-D 15 -1.0(-9.7,3.4) 0.2958 15 0(-13,99) 0.1882
PD1 15 -75(-153,-1.9) 0.0009 15 -55(-120,6.1) 0.4543
PD-L1 15 0.5(—1.4,2.3) 0.4459 15 09(-17,1.8) 0.6100
PD-L2 15 —160.0 (— 394.8, — 60.0) 0.0023 15 —164.0 (- 289.0, — 105.0) 0.0067
CD137(4-1BB) 15 —4.4(-15.6,0) 0.0269 15 —18.7 (- 25.6,9.8) 0.1514

$The number of matched plasma samples, in which the concentration of cytokines could be detected efficiently
IL-2 Interleukin-2, IL-18 Interleukin-18, CCLI1 C-C motif chemokine ligand 11, CXCLI C-X-C motif chemokine ligand 1, CCL5 C-C motif

chemokine ligand 5, FGF-2 Fibroblast growth factor, SCF Stem cell factor, VEGF-A Vascular Endothelial Growth Factor-A, VEGF-D Vascular
Endothelial Growth Factor-D, PD-1 Programmed Death-1, PD-LI Programmed Death Ligand-1, PD-L2 Programmed death ligand-2

Cytokine analysis

There were 18 baseline plasma samples available in Cohort
1 and 20 in Cohort 2. The number of matched plasma sam-
ples at baseline and at progression was both 15 in the two
cohorts.

Comparing the concentrations at PD with those at base-
line, several cytokines had increased [VEGF-A and C-C
motif chemokine ligand (CCL) 11] or decreased [Pro-
grammed death ligand-2 (PD-L2) and CCL5] in both
cohorts. The concentration of CXCL1 significantly increased
by 2.8 ng/pl (p =0.027) in Cohort 2. However, in Cohort 1,
it increased by 3.5 ng/pl (p =0.203). The change of FGF-2
concentration was not significant in either cohort. Neither
did the baseline level of CXCL1 and FGF-2 between the two
cohorts. (Table 3).

CXCL1 was markedly correlated with TTP in both
cohorts at the cutoff value of 7.6 ng/pl, the median concen-
tration in Cohort 2. The median TTP of Cohort 1 patients in
whom the level of CXCL1 was more or less than 7.6 ng/pl
were 5.9 months (95% CI 1.4-6.9) and 9.1 months (95% CI
6.9-11.2), respectively, p=0.0071, while that in Cohort 2
was 2.8 months (95% CI 1.1-7.8) and 10.0 months (95% CI
2.7-11.7), respectively, p =0.0029. (Supplementary Fig. 1)
There was no significant correlation between the plasma
CXCLI1 level and efficacy at the cutoff value selected by
ROC analysis. Neither was the relationship between the con-
centration of other cytokines and TTP or OS.
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Adverse events

In general, adverse events of anlotinib were tolerable. The
most common AEs were hypertension and hypothyroidism
(both 62%, 31/50), followed by fatigue (56%), hand-foot syn-
drome (54%), elevated bilirubin (52%) and diarrhea (52%).
AEs at grade 3 or higher were mainly hypertension, diar-
rhea and hand-foot syndrome (8%, 8% and 6%, respectively)
(Table 4). In this study, 2 of 5 serious AEs were probably
anlotinib related, which were both grade 3 gastrointestinal
bleeding. After symptomatic treatment, one recovered and
the other died.

Discussion

In this study, anlotinib showed promising antitumor proper-
ties against HCC as a first-line treatment. In Cohort 1, anlo-
tinib achieved a median TTP of 5.9 months and a 12-week
PFS rate of 80.8%. These results seemed numerically better
than sorafenib in Chinese patients, that the median TTP was
2.8 and 3.7 months in the Oriental and REFLECT studies,
respectively [3, 16]. So far, lenvatinib has shown the longest
median TTP of 7.4 months in first-line TKI treatment [16].
In IMbrave 150 trial, the ORR of atezolizumab combined
with bevacizumab was 30%, the median PFS and OS were
6.9 months and 19.2 months, respectively. In Chinese cohort,
the updated median OS of combination therapy achieved
24 months [9]. Whether there was a numerical difference
between monotherapy, such as anlotinib or lenvatinib, and
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Table 4 Most common adverse AE at any level, n (%) AE > level 3, 1 (%)

events (incidence > 5%) and the

adverse events > Grade 3 total Cohort 1 Cohort2  total Cohort 1  Cohort 2

Hypertension
Hand-foot syndrome
Elevated bilirubin
Fatigue

Proteinuria

Diarrhea

Elevated Alanine Aminotransferase

Hoarseness
Hypertriglyceridemia
Hypercholesterolemia

Elevated aspartate aminotransferase

Anorexia

Bleeding

Leukopenia
Thrombocytopenia
Abdominal pain
Hypothyroidism
Prolonged QT interval
Elevated low-density lipoprotein
Nausea

Fever

Hepatalgia

Cough

Vomit

Anemia

Weight loss

Headache

Chest tightness
Elevated lipase in blood
Toothache
Pharyngalgia

Low back pain
Musculoskeletal pain
Arthralgia

31 (62.0%) 19 (73.1%) 12 (50.0%) 4 (8.0%) 3 (11.5%) 1 (4.2%)
27 (54.0%) 14 (53.8%) 13 (54.2%) 3 (6.0%) 2 (17%) 1(4.2%)
26 (52.0%) 15 (57.7%) 11 (45.8%) 2 (4.0%) 1(3.8%) 1(4.2%)
28 (56.0%) 16 (61.5%) 12 (50.0%) — -

25 (50.0%) 13 (50.0%) 12 (50.0%) 1(2.0%) —

26 (52.0%) 16 (61.5%) 10 (41.7%) 4 (8.0%) 4 (15.4%)
9(18.0%) 4(154%) 5(20.8%) 1(2.0%) 1(3.8%) -
11 (22.0%) 6(23.1%) 5(20.8%) - -

13 (26.0%) 7(269%) 6(25.0%) - - -
10 20.0%) 5(19.2%) 5(20.8%) - -
14 (28.0%) 9 (34.6%) 5(20.8%) 1(2.0%) 1(3.8%) -
18 (36.0%) 10(38.5%) 8 (33.3%) - - -

13 (26.0%) 10 (38.5%) 3 (12.5%) 2 (4.0%) 2(1.7%) -

17 (34.0%) 8(30.0%) 9 (37.5%) - - -

18 (36.0%) 8(30.0%) 9 (37.5%) - - -

20 (40.0%) 10 (38.5%) 10 (41.7%) 2 (4.0%) 1(3.8%) 1(4.2%)
31 (62.0%) 16 (61.5%) 15 (62.5%) - -

18 (36.0%) 10(38.5%) 8(33.3%) 1(2.0%) 1(3.8%) -

16 32.0%) 9 (34.6%) 7(292%) - - -
48.0%) 3(11.5%) 1(@42%) - - -
3(6.0%) 1(3.8%) 2(83%) - - -
24.0%)  2(17%) -
9(18.0%) 6(23.1%) 3(12.5%) - - -

6 (12.0%) 3 (11.5%) 3 (12.5%) -
3(6.0% 1(38%) 2(83%) 1(2.0%) - 1 (4.2%)
6 (12.0%) 5(192%) 1@2%) - -

6 (12.0%) 5(192%) 1@2%) - - -
48.0%) 2(19%) 283%) - - -

6 (12.0%) 6(23.1%) — 12.0%) 1(3.8%) -
48.0%) 4(154%) — - - -
23 (46.0%) 11 (42.3%) 12 (50.0%) — - -
6 (12.0%) 4(154%) 2(8.3%) 1(2.0%) — 1 (4.2%)
7(14.0%) 4 (154%) 3(12.5%) - - -
6(12.0%) 3(11.5%) 3(12.5%) - - -

1 (4.2%)

combination therapy, the difference should be validated in
the future.

As expected, anlotinib appeared to have similar activity
in HCC refractory to anti-angiogenic TKIs, with a median
TTP of 4.6 months and a PFS rate at 12 weeks of 72.5%. In
previous studies, anti-angiogenic-based second-line treat-
ments showed a median PFS of 2.8, 3.1 and 5.2 months, a
median OS of 8.5, 10.6 and 10.2 months with ramucirumab,
regorafenib and cabozantinib, respectively. ICIs in the sec-
ond-line setting showed a PFS of 2.3 to 4.9 months. The
median OS of 18.0 months in Cohort 2 was even more
encouraging. The broad inhibition of FGFR1-4 might be one
of the underlying mechanisms of being active in HCC refrac-
tory to anti-angiogenic TKIs [17]. The difference between

with or without subsequent TKI treatment was enormous,
which further indicated that continuous anti-angiogenic
therapies could bring more survival benefit for patients with
advanced HCC. Based on the rich blood perfusion and con-
tinuous inhibition of angiogenesis strategy of treatment in
HCC, the anti-angiogenic tyrosine kinase inhibitors (TKIs)
would be chosen as second-line regimens, even under the
circumstance of first-line anti-angiogenic agents combined
with ICIs therapy.

We found patients with lower baseline plasma CXCL1
levels achieved significantly longer TTP. Furthermore,
the level of CXCLI increased significantly as the disease
progressed in Cohort 2. CXCLI is involved in the induc-
tion of neutrophils migration, angiogenesis, arteriogenesis,
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inflammation, wound healing and tumorigenesis. It was
demonstrated that CXCL1, secreted from tumor cells,
induced migration of vascular endothelial cells and angi-
ogenesis in vitro. In vivo studies indicated that the tumor
angiogenesis could be reduced by CXCL1 pathway block-
ing [18]. CXCLI1 pathway might be involved in sorafenib
resistance. In sorafenib-treated osteosarcoma and ovarian
cancer, the expression of CXCL1 increased significantly [19,
20]. Blockade of CXCR2, the receptor of CXCL1, elevated
the efficacy of sorafenib and delayed resistance [20]. The
microRNA 30A and microRNA 200A, could regulate the
expression of CXCL1, was observed to be related to the
efficacy of regorafenib. [21-23]. Overall, we postulated that
CXCLI1 might be a critical angiogenic promotor and play
an important role in both primary and secondary resistance
to VEGF/VEGFR inhibitors in HCC. Those microRNAs
related to CXCLI1 expression might also be predictors for
anlotinib, which could be verified in future studies.

Anti-angiogenesis of anlotinib could contribute to the
regulation of tumor microenvironment and inflammation in
tumors [24, 25]. In our study, the concentration of plasma
VEGFA and CCL11 were significantly increased at PD, and
level of PD-L2 and CCLS5 were significantly decreased. The
impact of these changes needs to be further illustrated.

Anlotinib has been investigated in a variety of malignant
tumors [26-29]. In this study, there were no unexpected
AEs. The most common grade 3 or 4 AEs of anlotinib
included hypertension (8%), diarrhea (8%) and hand-foot
syndrome (6%). In the REFLECT study, the most com-
mon grade 3 or 4 AEs of lenvatinib were hypertension
(23%), weight loss (8%), proteinuria (6%), thrombocyto-
penia (5%), and liver dysfunction (5%) [16]. In the RES-
ORCE study of regorafenib, the most common grade 3
or 4 AEs were hypertension (15%), hand-foot syndrome
(13%), elevated AST (10%), elevated bilirubin (10%), and
fatigue (9%) [4]. Thus, the incidence of AEs in anlotinib
seemed lower than other standard TKIs in hepatocellular
carcinoma. All grade 3 or 4 AEs occurred in less than
10% of patients. The incidence of grade 3 or 4 hyperten-
sion in anlotinib seemed lower than that in lenvatinib and
regorafenib. Besides, the safety profile was similar between
anlotinib and other TKIs. In a randomized phase II trial of
anlotinib in comparison with sunitinib as first-line treat-
ment in renal cell carcinoma, grade 3 or 4 AEs in anlo-
tinib were significantly less frequent than that in sunitinib
(28.9% versus 55.8%, p<0.01), especially in terms of
thrombocytopenia and neutropenia [29].

Taken the safety profile together, anlotinib could be one of
the potential partners for combination therapy with ICIs as
first-line treatment in hepatocellular carcinoma. Exploratory
trials of anlotinib with ICIs have been conducted already. A
phase II trial (NCT04172571) aimed to evaluate the safety
and efficacy of first-line anlotinib plus penpulimab, an IgG1

@ Springer

anti-PD-1 antibody, in which the preliminary ORR was
31% with acceptable toxicity [30]. We had begun another
phase II trial (NCT03825705) to assess the safety and effi-
cacy of anlotinib combined with TQB2450, an IgG1 anti-
PD-L1 antibody, and had observed preliminary efficacy
(unpublished).

This was an open-label phase II clinical study. The sam-
ple size of the two cohorts was limited. Only the preliminary
efficacy and safety data of HCC treatment could be provided,
which still needed to be further verified by expanded clini-
cal research. More clinical data were needed to verify the
predictive role of CXCL1. Some patients in both the cohorts
received ICIs, which interfered with the interpretation of
OS results.

Conclusion

Anlotinib showed promising and similar activities both in
the first- and second-line treatment of advanced HCC. Anlo-
tinib was well tolerated and is expected to be a favorable
partner of ICIs. The role of anlotinib in advanced HCC war-
rants further validation in future clinical trials.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12072-021-10171-0.

Acknowledgements Thank all the patients and their families who par-
ticipated in this study. We are grateful to all the investigators, site staff
for their valuable work. We would give thanks to Chia Tai Tianqing
Pharmaceutical Group Co., Ltd for providing study drugs.

Funding Not applicable.

Declarations

Conflict of interest Yongkun Sun, Aiping Zhou, Wen Zhang, Zhichao
Jiang, Bo Chen, Jianjun Zhao, Zhiyu Li, Liming Wang, Xinyu Bi and
Hong Zhao, Kan Liu declare that they have no conflict of interest.

Ethics approval This study was approved by the independent institu-
tional ethics committee.

Consent to participate All enrolled patients signed written informed
consent forms.

Consent for publication All enrolled patients signed written informed
consent forms.

Availability of data and material The data that support the findings of
this study are available from the corresponding author upon reason-
able request.

Informed consent in studies with human subjects All procedures fol-
lowed were in accordance with the ethical standards of the responsible
committee on human experimentation (institutional and national) and
with the Helsinki Declaration of 1975, as revised in 2008. Informed
consent was obtained from all patients for being included in the study.


https://doi.org/10.1007/s12072-021-10171-0

Hepatology International (2021) 15:621-629

629

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

10.

11.

12.

McGlynn KA, Petrick JL, El-Serag HB. Epidemiology of hepa-
tocellular carcinoma. Hepatology 2020. https://doi.org/10.1002/
hep.31288 ([Online ahead of print])

Singal AG, Lampertico P, Nahon P. Epidemiology and sur-
veillance for hepatocellular carcinoma: new trends. J Hepatol
2020;72:250-261

Cheng AL, Kang YK, Chen ZD, Tsao CJ, et al. Efficacy and safety
of sorafenib in patients in the Asia-Pacific region with advanced
hepatocellular carcinoma: a phase III randomised, double-blind,
placebo-controlled trial. Lancet Oncol 2009;10:25-34

Bruix J, Qin S, Merle P, Granito A, et al. Regorafenib for patients
with hepatocellular carcinoma who progressed on sorafenib
treatment (RESORCE): a randomized, double-blind, placebo-
controlled, phase 3 trial. Lancet 2017;389:56—-66

Zhu AX, Kang YK, Yen CJ, Finn RS, et al. Ramucirumab after
sorafenib in patients with advanced hepatocellular carcinoma and
increased a-fetoprotein concentrations (REACH-2): a randomised,
double-blind, placebo-controlled, phase 3 trial. Lancet Oncol
2019;20:282-296

Zhu AX, Park JO, Ryoo BY, Yen CJ, et al. Ramucirumab versus
placebo as second-line treatment in patients with advanced hepa-
tocellular carcinoma following first-line therapy with sorafenib
(REACH): a randomised, double-blind, multicentre, phase 3 trial.
Lancet Oncol 2015;16:859-870

Hu G, Zhang YX, Ouyang KD, Xie FB, et al. In vivo acquired
sorafenib-resistant patient-derived tumor model displays alterna-
tive angiogenic pathways, multi-drug resistance and chromosome
instability. Oncol Lett 2018;16:3439-3446

Chuma M, Uojima H, Numata K, Hidaka H, et al. Early changes
in circulating FGF19 and Ang-2 levels as possible predictive bio-
markers of clinical response to lenvatinib therapy in hepatocellular
carcinoma. Cancers (Basel) 2020;12:293. https://doi.org/10.3390/
cancers12020293

Finn RS, Qin S, Ikeda M, Galle PR, et al. IMbrave150: Updated
overall survival (OS) data from a global, randomized, open-label
phase I1I study of atezolizumab (atezo) + bevacizumab (bev) ver-
sus sorafenib (sor) in patients (pts) with unresectable hepatocel-
lular carcinoma(HCC). J Clin Oncol 2021; 39 (suppl 3; abstr 267)
Shen GS, Zheng FC, Ren DF, Du F, et al. Anlotinib: a novel
multi-targeting tyrosine kinase inhibitor in clinical development.
J Hematol Oncol 2018;11:120

Lin B, Song X, Yang D, Bai D, et al. Anlotinib inhibits angio-
genesis via suppressing the activation of VEGFR2, PDGFRf and
FGFRI1. Gene 2018;654:77-86

Taurin S, Yang CH, Reyes M, Cho S, et al. Endometrial can-
cers harboring mutated fibroblast growth factor receptor 2 pro-
tein are successfully treated with a new small tyrosine kinase
inhibitor in an orthotopic mouse model. Int J Gynecol Cancer
2018;28:152-160

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

He C, Wu TT, Hao YQ. Anlotinib induces hepatocellular carci-
noma apoptosis and inhibits proliferation via Erk and Akt path-
way. Biochem Biophys Res Commun 2018;503:3093-3099
Koeberle D, Dufour J-F, Demeter G, Li Q, et al. Sorafenib with
or without everolimus in patients with advanced hepatocellular
carcinoma (HCC): a randomized multicenter, multinational phase
11 trial (SAKK 77/08 and SASL 29). Ann Oncol 2016;27:858-861
Ikeda M, Shimizu S, Sato T, Mirimoto M, et al. Sorafenib plus
hepatic arterial infusion chemotherapy with cisplatin versus
sorafenib for advanced hepatocellular carcinoma: randomized
phase II trial. Ann Oncol 2016;27:2090-29096

Kudo M, Finn RS, Qin SK, Han KH, et al. Lenvatinib versus
sorafenib in first-line treatment of patients with unresectable hepa-
tocellular carcinoma: a randomised phase 3 non-inferiority trial.
Lancet 2018;391:1163-1173

Tovar V, Cornella H, Moeini A, Vidal S, et al. Tumour initiating
cells and IGF/FGF signalling contribute to sorafenib resistance in
hepatocellular carcinoma. Gut 2017;66:530-540

Wang DZ, Wang HB, Brown J, Daikoku T, et al. CXCL1 induced
by prostaglandin E2 promotes angiogenesis in colorectal cancer.
J Exp Med 2006;203:941-951

Dai Z, Tang H, Pan Y, Chen J, et al. Gene expression profiles
and pathway enrichment analysis of human osteosarcoma cells
exposed to sorafenib. Febs Open Bio 2018;8(5):860-867
Devapatla B, Sharma A, Woo S. CXCR2 inhibition com-
bined with sorafenib improved antitumor and antiangiogenic
response in preclinical models of ovarian cancer. PLoS ONE
2015;10(9):e0139237

Teufel M, Seidel H, Kochert K, Meinhardt G, et al. Biomarkers
associated with response to regorafenib in patients with hepatocel-
lular carcinoma. Gastroenterology 2019;156(6):1731-1741

Wan Q, Zhou Z, Ding S, He J. The miR-30a negatively regulates
IL-17-mediated signal transduction by targeting Traf3ip2. J Inter-
feron Cytokine Res 2015;35(11):917-923

Pecot CV, Rupaimoole R, Yang D, Akbani R, et al. Tumour
angiogenesis regulation by the miR-200 family. Nat Commun
2013;4:2427

Liu SC, Qin TT, Liu ZJ, Wang J, et al. Anlotinib alters tumor
immune microenvironment by downregulating PD-L1 expression
on vascular endothelial cells. Cell Death Dis 2020;11:309

Ruan H, Lv ZW, Liu SS, Zhang L, et al. Anlotinib attenuated
bleomycin-induced pulmonary fibrosis via the TGF -B1 signalling
pathway. J Pharm Pharmacol 2020;72:44-55

Han B, Li K, Wang Q, Zhang L, et al. Effect of anlotinib as a
third-line or further treatment on overall survival of patients with
advanced non-small cell lung cancer: the ALTER0303 phase 3
randomized clinical trial. JAMA Oncol 2018;4:1569-1575

Chi Y, Fang ZW, Hong XN, Yao Y, et al. Safety and efficacy
of anlotinib, a multikinase angiogenesis inhibitor in patients
with refractory metastatic soft-tissue sarcoma. Clin Cancer Res
2018;24:5233-5238

Ma JH, Song Y, Shou JZ, Bai YX, et al. Anlotinib for patients
with metastatic renal cell carcinoma previously treated with one
vascular endothelial growth factor receptor-tyrosine kinase inhibi-
tor: a phase 2 trial. Front Oncol 2020;10:664

Zhou AP, Bai Y, Song Y, Luo H, et al. Anlotinib versus sunitinib
as first-line treatment for metastatic renal cell carcinoma: a rand-
omized phase II clinical trial. Oncologist 2019;24(8):e702—e708
Jiao SC, Bai L, Dong JH, Bai CM, et al. Clinical Activity and
Safety of Penpulimab (Anti-PD-1) with Anlotinib as First-line
Therapy for Advanced Hepatocellular Carcinoma (HCC). J Clin
Oncol 2021;39 (suppl 3; abstr 306)

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/hep.31288
https://doi.org/10.1002/hep.31288
https://doi.org/10.3390/cancers12020293
https://doi.org/10.3390/cancers12020293

	Anlotinib in the treatment of advanced hepatocellular carcinoma: an open-label phase II study (ALTER-0802 study)
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Study design
	Patients
	Procedures
	Clinical outcomes
	Biomarker detection
	Statistical analysis

	Results
	Patients’ baseline characteristics and treatment
	Primary and secondary endpoints
	Cytokine analysis
	Adverse events

	Discussion
	Conclusion
	Acknowledgements 
	References




