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Objective: Anlotinib, an oral small-molecular tyrosine kinase inhibitor (TKI) on tumor
angiogenesis and growth, has a wide spectrum of inhibitory effects on targets such as vascular
endothelial growth factor receptors 2/3 (VEGFR2/3), etc. The efficacy and safety of anlotinib
in the treatment of platinum-resistant or platinum-refractory ovarian cancer were evaluated.
Patients and Methods: Patients with platinum-resistant or platinum-refractory ovarian
cancer that treated with anlotinib in the Affiliated Cancer Hospital of Zhengzhou University
from May 2018 to March 2020 were included. Medical records were reviewed in terms of
objective response, survival outcomes, and safety.

Results: A total of 38 patients were analyzed. The median progression-free survival and the
median overall survival were 7.7 months (95% CI: 6.7-8.7) and 16.5 months (95% CI:
13.3-19.7), respectively. About 17 patients received anlotinib monotherapy, and the median
progression-free survival was 7.7 months (95% CI: 6.3-9.1). A total of 19 cases received
anlotinib plus chemotherapy with a median progression-free survival of 8.0 months (95% CI:
4.8-11.2). A total of 2 cases received anlotinib plus anti-PD-1 antibody pembrolizumab, and
1 case had partial response, the other progressive disease. The objective response rate was
42.1% while the disease control rate was 86.8%. A total of 5 patients experienced dose
reduction from 12 mg to 10 mg because of adverse effects. The most common adverse
effects were hypertension (31.6%), fatigue (28.9%), anorexia (26.3%) and hand-foot syn-
drome (23.7%). No treatment-related deaths were recorded.

Conclusion: Anlotinib produced moderate improvements in progression-free survival and
overall survival in patients with platinum-resistant or platinum-refractory ovarian cancer. It
indicates that anlotinib maybe a new treatment option for patients with platinum-resistant or
platinum-refractory ovarian cancer.
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Introduction

According to Global Cancer Statistics 2018, ovarian cancer is the second most
common cause of death related to gynecologic malignancy and the eighth leading
cause of cancer-related death in women worldwide.! More than 70% of patients are
diagnosed as advanced stage.” Despite the majority of patients achieve clinical
complete remission after chemotherapy, over 50% of patients with advanced ovar-
ian cancer will relapse and cause death due to the emerging resistance to che-
motherapy, particularly resistance to platinum.> The treatment of patients with

platinum-resistant or platinum-refractory disease remains a challenge.”
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Angiogenesis plays a pivotal role in normal ovarian
physiology as well as in the progression of ovarian cancer
through ascites formation and metastatic spread.
Bevacizumab, the first active targeted agent in ovarian
cancer, which targets angiogenesis by binding to VEGF-
A, effectively blocking the interaction of VEGF and its
receptor.’” The AURELIA trial showed that adding beva-
cizumab to chemotherapy in patients with platinum-
resistant disease significantly improved the PFS (3.4 vs
6.7 months; hazard ratio (HR), 0.48; P= 0.001) and ORR
(11.8% vs 27.3%; P= 0.001), but the OS trend (13.3 vs
16.6 months; HR, 0.85; P= 0.171) was not significant.’
Moreover, increasing evidence has suggested that multi-
receptor tyrosine kinase inhibitors (TKIs; including VEGF
receptor inhibitors) such as nintedanib, pazopanib, apati-
nib, improve the outcome of platinum-resistant ovarian
cancer patients.” '® Some studies have shown that the
combination of chemotherapy and the angiogenesis inhi-
bitor was effective for platinum-resistant or platinum-
refractory ovarian cancer.'"'? Some researchers have
explored the combination of anti-angiogenic therapy and
immunotherapy in ovarian cancer.'

Anlotinib is an oral small-molecular TKI with the
suppression of tumor growth and angiogenesis.'* It has
a wide spectrum of inhibitory effects on targets such as
vascular endothelial growth factor receptors 2/3
(VEGFR2/3), fibroblast growth factor receptor 1-4
(FGFR1-4), platelet-derived growth factor receptors a/b
(PDGFR a/b), c-kit, and Ret."”>'® It has been reported
that anlotinib combined with etoposide has anti-tumor
effects on platinum-resistant ovarian cancer patients.'’
Hereon, this study was to evaluate the efficacy and safety
of anlotinib in patients with platinum-resistant or plati-

num-refractory ovarian cancer in our center.

Patients and Methods

Study Population

The present study was approved by the ethics committee of
The Affiliated Cancer Hospital of Zhengzhou University
(201910226). Clinical information and follow-up data were
collected from patients with platinum-resistant (defined as
progression within 6 months after the last platinum treat-
ment) or platinum-refractory (defined as progression during
the initial platinum-based treatment) ovarian cancer who
received anlotinib between May 2018 to March 2020 in
our hospital. All patients took anlotinib for more than 2
cycles, regardless of combination therapy or monotherapy.

Treatment

Anlotinib was administered orally at 10mg or 12mg daily
on days 1-14. 21 days was defined as one cycle. 2 patients
took anlotinib combined with anti-PD-1 antibody pembro-
lizumab, 19 patients took anlotinib combined with che-
motherapy, and 17 patients treated with anlotinib
monotherapy. The dosage of anlotinib was determined by
the attending physician based on the patients’ age, body
weight, general condition and tolerance, and comprehen-

sive treatment.

Efficacy and Safety

Survival and anlotinib discontinuation in all patients
were monitored until July 1 2020. They were followed
up with CAI25 or
response was assessed by investigators using CT scans

imaging examination. Tumor
or MRI. Treatment responses were evaluated through the
Response Evaluation Criteria for Solid Tumors (RECIST
version 1.1'®), including complete response (CR), partial
response (PR), stable disease (SD), and progressive dis-
ease (PD). Objective response rate (ORR) was measured
as the proportion of eligible patients who achieved con-
firmed complete response or partial response. Disease
control rate (DCR) was referred to the proportion of
who achieved complete partial

patients response,

response, and stable disease for at least 8 weeks.
Progression-free survival (PFS) was defined as the
time from initiation of anlotinib until disease progres-
sion or death. During the last follow-up, patients with-
out disease progression were considered censored. The
overall survival (OS) referred to the time from initiation
of anlotinib administration to death for any cause or the
last follow-up visit for living patients. Safety was mon-
itored by recording patients, chief complaint, physical
examinations, vital signs, adverse events, as well as
hematology and clinical chemistry tests. Adverse events
were graded according to National Cancer Institute
Common Terminology Criteria for Adverse Events
(NCI CTCAE) version 5.0.

Statistical Analysis

Descriptive statistics were used to describe patients’ clin-
ical and demographic characteristics. The Kaplan—Meier
method was used to estimate PFS and OS. All statistical
analyses were done by IBM SPSS ver. 23.0 (IBM Corp.,
Armonk, NY, USA).
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Results

Patient Characteristics

A total of 38 patients were included in this study. The
baseline characteristics of the patients were summarized in
Table 1. The median age at diagnosis of recurrence was 56
years (range,44—84 years). 31 patients had serous adeno-
carcinoma, 3 cases had endometrioid carcinoma, and 4
cases had mixed serous and endometrioid carcinoma.
There are 33 platinum-resistant patients and 5 platinum-
refractory patients. All patients were diagnosed with
advanced-stage disease (stage III: n=15; stage IV: n=23).
The median number of previous regimens was 4 (range =
2-11), in particular, 92.1% of patients had received >3
previous line, and 31.6% of patients had received >5 line
treatments before anlotinib was administered. Before anlo-
tinib, 7 patients had received anti-angiogenic therapy,
including 4 with bevacizumab and 3 with apatinib. 6
patients had been treated with PARP (poly ADP-ribose
polymerase) inhibitors, 5 patients had received olaparib,
and 1 patient had received niraparib. In this study, 17
patients received anlotinib monotherapy, 19 patients
received anlotinib combined with chemotherapy, and 2
patients received anlotinib combined with anti-PD-1 anti-
body pembrolizumab.

Table | Baseline Characteristics in 38 Patients. Values are

Reported as Frequency (n [%]) or as Mean (Range)

Characteristic of Patients (Percent) N=38 (%)
Age, years

Median, IQR 56 (51-64.25)
ECOG PS, n (%)

0 1(2.6%)

[ 25(65.8%)
2 12(31.6%)
Histology, n (%)

Serous 31(81.6%)
Endometrioid 3(7.9%)
Mixed serous and endometrioid 4(10.5%)
BRCA status, n (%)

BRCA 1/2 mutation 5(13.2%)
Wild type 17(44.7%)
Unknown 16(42.1%)
International FIGO stage

11l 15(39.5%)

v

23 (60.5%)

Previous lines of chemotherapy or target therapy

1-2 4(10.5%)
3-5 26(68.4%)
Efficacy >6 8(Q21.1%)
Median follow-up time at the time of data analysis (July 1,
. Prior anti-angiogenic therapy
2020) was 10.25 months (range=3.0 —23.5). At the time of
data cut-off, 27 of the 38 patients had discontinued anlo- | Yes 7(18.4%)
tinib and 11 patients were continuing anlotinib treatment. No 31(81.6%)
The median PFS was 7.7 months (95% CI: 6.7-8.7) and Prior PARP inhibitor
the OS was 16.5 months (95% CI: 13.3-19.7) (Figure 1). Yes 6(15.8%)
A total of 5 patients progressed and 16 patients had No 32(84.2%)
a partial response, none had the complete response.
. . . .. Dose reduction
Besides, 17 patients were in stable condition. Thus, the
ORR and DCR were 42.1% and 86.8%, respectively. Yes 5(13.2%)
No 33(86.8%)
Anlotinib Monotherapy Treatment status
17 cases received anlotinib monotherapy (Table 2). The Monotherapy 17 (44.7%)
median progression-free survival was 7.7 months (95% CI: Combined with chemotherapy 19(50%)
6.3-9.1) and the median overall survival was not reached. Combined with pembrolizumab 2(5.3%)
It is worth mentioning that among these 17 patients, 4 CAI125 before anlotinib administration
cases had partial response, and have not yet reached pro-
gress with a PFS beyond 11 months.10 patients were in =35Ul/mL 4(10.5%)
. . >35Ul/mL 34(89.5%)
stable condition (58.5%) and 3 patients suffered from
Drug Design, Development and Therapy 2020:15 submit your manuscript 341
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Figure | Kaplan-Meier estimates of PFS (A) and OS (B) of 38 patients.
Abbreviations: PFS, progression-free survival; OS, Overall survival.
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Table 2 Short-Term Efficacy of Anlotinib Monotherapy

Short-Term Efficacy

Number of Patients (Percent)

Complete response (CR) 0 (0%)
Partial response (PR) 4 (23.5%)
Stable disease (SD) 10 (58.8%)
Progressive disease (PD) 3 (17.6%)

Note: Short-term efficacy was classified by modified Response Evaluation Criteria
in Solid Tumors version I.1 (RECIST 1.1).

disease progression. (17.6%). Therefore, the ORR was
23.5%, and the DCR was 82.3%.

Anlotinib Combined with Chemotherapy
A total of 19 cases were administrated anlotinib plus
chemotherapy, of which 15 patients combined with etopo-
side capsules, 1 patient combined with capecitabine, 1
patient combined with epirubicin, 1 patient combined
with docetaxel, and 1 patient combined with lobaplatin.
The median progression-free survival was 8.0 months
(95% CI: 4.8-11.2) and the median overall survival was
not reached. 7 patients had a partial response and 11
patients in stable condition. The ORR and DCR of patients
treated with anlotinib combined with chemotherapy were
36.8% and 94.7%, respectively (Table 3).

Anlotinib Combined with Anti-PD-1
Antibody Pembrolizumab

Two patients received anlotinib combined with pembrolizu-
mab. | patient progressed after 2 cycles administration of
anlotinib plus anti-PD-1 antibody pembrolizumab. 1 patient
achieved partial response and lasted over 7.2 months (Table 4).

Dose Adjustment and Safety

There are 5 patients (13.2%) started from the daily dose of
10mg and none had a dose reduction. Other 33 patients
(86.8%) started from 12mg daily, in which 5 patients
(15.2%) required dose reduction to 10mg after the evalua-
tion of adverse events. 3 patients (7.9%) developed severe
hand-foot syndrome, 1 patient (2.6%) had intolerable sore

Table 3 Short-Term Efficacy of Anlotinib Combined with
Chemotherapy

Short-Term Efficacy Number of Patients (Percent)

Complete response (CR) 0 (0%)
Partial response (PR) 7 (36.8%)
Stable disease (SD) 11 (57.9%)
Progressive disease (PD) 1 (5.3%)

Table 4 Short-Term Efficacy of Anlotinib Combined with Anit-

PD-1 Antibody

Short-Term Efficacy

Number of Patients (Percent)

Complete response (CR) 0(0%)
Partial response (PR) 1(50%)
Stable disease (SD) 0(0%)
Progressive disease (PD) 1(50%)

throat, and 1 patient (2.6%) developed severe proteinuria.
The most common adverse events were hypertension
(31.6%), fatigue (28.9%), anorexia (26.3%), hand and
foot syndrome (23.7%), mainly as grade 1 to 2 (Table 5).

Discussion

Although ovarian cancer is usually a chemosensitive dis-
ease, patients with advanced stages inevitably relapse,
eventually leading to chemotherapy resistance, especially
platinum resistance. For platinum-resistant disease, NCCN
guidelines version 1.2020 (ovarian/fallopian tube/primary
peritoneal cancer) recommend clinical trials, optimal sup-
portive care, and relapse treatment, with consideration of
a highly individualistic basis. Non-platinum-based agents
or regimens are preferred (ie, docetaxel, oral etoposide,
gemcitabine, weekly paclitaxel with or without pazopanib,
liposomal doxorubicin with or without bevacizumab,
weekly paclitaxel/bevacizumab) sequential therapy is
usually performed with a single agent.®'"'?* Although
notable progress has been made in the treatment of ovarian
cancer, the prognosis of patients with the resistant or

. . 42
refractory disease remains poor.**

Beyond chemotherapy, molecular targeted therapy
plays an important role in the treatment of platinum-
resistant or platinum-refractory ovarian cancer. Olaparib
is a PARP inhibitor that has a higher response rate in
patients with BRCA1 or BRCA2 mutations than those
with BRCA negative mutations, especially in platinum-
sensitive diseases.”® If the disease is resistant or refractory
to platinum, then a lower response rate to olaparib is
observed.?> %7 Therefore, the effect of PARP inhibitor on
platinum-resistant disease is limited.

Anti-angiogenesis is considered as a promising target
for the treatment of platinum-resistant ovarian cancer.’
Bevacizumab has single-agent activity in patients with
platinum-resistant ovarian cancer or peritoneal serous can-
cer with a median PFS of 4.4 months (95% CI, 3.1 to 5.5
months).>® Bevacizumab combined with chemotherapy
shown improved activity in platinum-resistant ovarian
cancer.®'"'2732 In AURELIA, the PFS of chemotherapy

Drug Design, Development and Therapy 2020:15
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Table 5 Treatment-Related Toxicities

Grade | Grade 2 Grade 3 Grade 4 Total n(%)

Hypertension 8 3 I 0 31.6
Fatigue 8 2 | 0 28.9
Anorexia 6 4 0 0 26.3
Hand-foot syndrome 5 2 3 0 237
Diarrhea 5 3 0 0 21.1
Proteinuria 3 2 I 0 21.1
Sore throat 2 | | 0 13.2
Dyspepsia 3 2 0 0 13.2
Dry mouth 7 2 0 0 23.7
Weight loss 5 3 0 0 21.1
Nausea 4 2 0 0 15.8
Hypoproteinemia 3 2 I 0 15.8
Vomiting 2 | 0 0 79

Mucositis oral 3 | 0 0 10.5
Headache 2 | 0 0 79

Hoarseness 3 2 0 0 13.2
Pharyngodynia 3 | 0 0 10.5
Neutropenia 5 2 I 0 21.1
Thrombocytopenia 7 | | 0 237
Anaemia 5 3 0 0 21.1

plus bevacizumab in patients with platinum-resistant dis-
ease is 6.7 months. However, the prolongation of OS in the
bevacizumab group did not reach a significant level.® Anti-
VEGEF tyrosine kinase inhibitors, pazopanib or cediranib,
have also been tested with weekly paclitaxel in refractory
or resistant ovarian cancer. The results showed that cedir-
anib had some certain effect, but it is not available in
mainland China, and pazopanib was limited by its
toxicity.'”>*3** Apatinib, an oral tyrosine kinase inhibitor
against VEGFR-2, has shown activity in recurrent ovarian
cancer patients resistant to platinum.'’>> The median PFS
of patients treated with apatinib plus etoposide capsule is
8.1 months and dose reduction occurred in 82% patients
for apatinib. In a retrospective study,’® apatinib as main-
tenance therapy following chemotherapy had a median
PFS of 6.0 months and a median OS of 11.0 months.
The patients taking apatinib as salvage therapy had
a DCR of 81.8% and a median PFS of 3.0 months. The
most common adverse effects were hand-foot syndrome
(53.57%), secondary hypertension (46.43%), and fatigue
(14.29%). Thus, the adverse reactions of apatinib also
limit its widespread use.

Anlotinib is a new orally administered tyrosine kinase
inhibitor. The preclinical studies have suggested that anlo-
tinib has a better anti-angiogenic effect than sunitinib,

sorafenib, and nintedanib.'® The latter are the three main
anti-angiogenic drugs at present and have anti-tumor activ-
ity against advanced ovarian cancer.”>*’>® In terms of
grade 3 or higher, anlotinib has a lower incidence of
toxic effects than sunitinib.** Therefore, anlotinib is
a potential agent to inhibit angiogenesis and be safely
applied to ovarian cancer. Our results showed that in 38
women with platinum-resistant or platinum-refractory
ovarian cancer, the median progression-free survival of
anlotinib was 7.7 months (95% CI: 6.7-8.7), and the over-
all survival time was 16.5 months (95% CI: 13.3-19.7). In
17 patients who received anlotinib monotherapy, the DCR
was 82.3%, the median PFS was 7.7 months (95% CI:
6.3-9.1), and the median overall survival was not
achieved. The most common adverse reaction was hyper-
tension (31.6%), fatigue (28.9%), anorexia (26.3%), hand
and foot syndrome (23.7%), mainly as grade 1 to 2. In this
study, anlotinib alone achieved PFS of 7.7 months, which
was not inferior to bevacizumab of 4.4 months.® This
might be due to the fact that anlotinib has multiple anti-
angiogenic targets. Compared with apatinib or pazopanib,
it had lower toxicity, and patients were more likely to be
exposed to the drug for a long time.

Novel multi-target tyrosine kinase inhibitor plus

a single chemotherapy regimen was considered as
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a valuable treatment strategy for platinum-resistant ovarian
cancer. This study reported the clinical outcomes for 19
patients with platinum-resistant ovarian cancer who
received anlotinib combined with chemotherapy.
A median PFS of 8 months (95% CI: 4.8-11.2) was
observed. Compared with anlotinib monotherapy, the ben-
efits are not significant. We believe it might be related to
the treatment history of this group of patients. This needs
further study.

Immunotherapy shows good prospects in other types of
tumors, such as lung cancer, but the effect of immunother-
apy is not satisfactory for ovarian cancer, especially plati-
num-resistant ovarian cancer. In KEYNOTE-028 and
KEYNOTE-100, the effect of pembrolizumab in ovarian
cancer is modest, with ORRs ranging from 8 to 22%.%*4!
In KEYNOTE-100 study, although patients with higher
tumor PD-L1 expression had higher ORR, the predictive
value of PD-LI in ovarian cancer is not yet well clear.*!
The angiogenesis is beneficial to tumor growth and spread in
the tumor microenvironment (TME), which has been well
established.*” Within the TME, tumor angiogenesis and
immune suppression play interconnected roles in promoting
tumor progression and metastasis.”> The cytokines and
angiogenic factors released by TME cells, such as VEGF,
TGFp, and prostaglandin E2 (PGE2), mediate immunosup-
pression through reducing antigen presentation to T cells and
the effector response of T cells.** Preclinical data strongly
suggest that antiangiogenic treatment facilitates the arrival
of immune effectors and reduces the presence of myeloid
cells involved in immune suppression, which could translate
into a possible synergistic effect with immunomodulators.*
Here, two cases were administrated anlotinib combined with
anti-PD-1 antibody pembrolizumab, 1 patient suffered dis-
ease progression after 2 cycles of treatment, and 1 patient is
still alive with no evidence of disease progression over 7.2
months. This suggests that the combination of anti-
angiogenesis and immunotherapy may be a promising ther-
apy for ovarian cancer. However, there are just two cases,
and the efficacy of anlotinib combined with the anti-PD-1
antibody on ovarian cancer still needs further verification.

This is a retrospective study to evaluate the side effects
and short-term efficacy of anlotinib in platinum-resistant
or platinum-refractory ovarian cancer patients. All patients
in this study have been heavily treated and considered as
platinum-resistant or refractory, but have achieved good
clinical benefits. It is acknowledged that this study had
some limitations such as not a randomized controlled
study, small sample size, short observation time, etc. We

believe that this study can provide a reference for the
research of anlotinib in ovarian cancer.

In conclusion, anlotinib might be a promising agent for
platinum-resistant or platinum-refractory ovarian cancer
with lower toxicity. Further investigations are warranted
to verify the efficacy of anlotinib in the treatment of
patients with ovarian cancer.
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