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Purpose: This study was to investigate the efficacy and safety of anlotinib combined with programmed cell death protein 1 (PD-1)
blockades for patients with previously treated advanced epithelial ovarian cancer (EOC).
Patients and Methods: Present study was designed as a retrospective study, a total of 32 patients with advanced EOC who
progressed after at least two lines previously available standard therapy were included in this study. All the patients were administered
with anlotinib combined with PD-1 blockades administration. Clinical activity was implemented and analyzed, which was assessed
according to the change of target lesion by imaging evidence and all the subjects were followed up regularly. Safety profile were
collected and documented during the treatment. Univariate analysis was carried out using log rank test and multivariate analysis were
adjusted by Cox regression analysis.
Results: The best overall response suggested that partial response was noted in 12 patients, stable disease was observed in 14 patients,
progressive disease was found in 6 patients. Therefore, the objective response rate (ORR) of the 32 patients was 37.5% (95% CI: 21.1–
56.3%), disease control rate (DCR) of the patients was 81.3% (95% CI: 63.6–92.8%). The median follow-up duration of this study was
17.5 months (follow-up range: 0.9–33.5 months). And the median PFS and OS of the 32-patient cohort was 6.8 months (95% CI: 2.64–
10.96) and 18.5 months (95% CI: 14.08–22.92), respectively. The most common treatment-related adverse reactions were fatigue
(68.8%), nausea and vomiting (56.3%), hypertension (50.0%) and diarrhea (40.6%). Multivariate Cox regression analysis for PFS
indicated that ECOG performance status and FIGO stage were independent factors to predict PFS of patients with previously treated
EOC.
Conclusion: Anlotinib combined with PD-1 blockades demonstrated promising efficacy and tolerable safety profile for patients with
previously treated advanced EOC preliminarily. The conclusion should be confirmed in more patients with advanced EOC
subsequently.
Keywords: epithelial ovarian cancer, anlotinib, PD-1 blockade, efficacy, safety

Introduction
Ovarian cancer was reported to be the seventh most common cancer in female and the leading cause of death among
patients with gynecological malignancy,1 which was estimated that there were 295,414 new cases and 184,799 death
globally.2 Currently, there were approximately 52,100 new cases and 22,500 deaths of ovarian cancer in China annually.3

It was reported that approximately 90% of patients with ovarian cancer were epithelial ovarian cancer (EOC).4 Owing to
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the vague and nonspecific symptoms of the disease, more than 70% of the patients were diagnosed with advanced stage.5

In spite of the dramatically therapeutic progress over the past two decades, prognosis of patients with EOC remained
dismal with the 5-year overall survival rates <30% in advanced stage.6 The standard chemotherapy treatment among
EOC patients with II-IV stage consisted of cytoreductive surgery followed by carboplatin and paclitaxel regimens for 6–8
cycles.7 Despite the fact that the majority of the patients exhibited superior therapeutic response after the initial
chemotherapy, almost all patients with EOC might develop platinum resistance ultimately, which resulted in the
subsequent therapy with the non-platinum-based drugs.8 The mainstay of treatment for recurrent, platinum-resistant
disease was nonplatinum-based monotherapy: liposomal doxorubicin, weekly paclitaxel, topotecan, gemcitabine and
etoposide. The response varied based on the interval between completion of first-line therapy and disease recurrence,
which yielded an objective response rate (ORR) ranging from 19% to 31% and median progression free survival (PFS) of
3–4 months.9 Therefore, effectively therapeutic regimens with tolerable safety profile in subsequent-line therapy for
patients with EOC were needed urgently.

Recent years had witnessed that angiogenesis played an important role both in normal ovarian physiology and the
development of ovarian cancer.10 To our knowledge, increasing evidence had demonstrated that multi-targets tyrosine kinase
inhibitors (TKIs) such as pazopanib, sorafenib and anlotinib exhibited potential efficacy for patients with previously treated
EOC to some extent currently.11 However, the efficacy of antiangiogenic targeted TKIs was also modest and most treated
patients eventually developed acquired resistance, highlighting the need for new combination strategies.

Immunotherapy with PD-1/PD-L1 blockades revolutionized the therapeutic landscape of different types of tumors and
unprecedented long-term survivorship was observed accordingly.12 Previous study indicated that the immune system
played a vital role in prognosis of ovarian cancer, which suggested that intratumor T cell was positively associated with
prolonged PFS of patients with ovarian cancer who received traditional regimens.13 Furthermore, study performed in
archival EOC specimens supported the notion that the immune system was involved in ovarian cancer therapy and
increased PD-L1/PD-L2 expression was correlated with worse overall survival (OS) in ovarian cancer.14 Consequently,
previous studies elucidated that PD-1 blockades (pembrolizumab and nivolumab monotherapy) exhibited durable
antitumor activity and acceptable safety profile for patients with treatment-refractory ovarian cancer according to the
Keynote-100 and Checkmate trials, respectively.15,16 Unfortunately, it should be noted that an obvious limitation of both
PD-1 and PD-L1 blockade as monotherapy in ovarian cancer was the relatively low ORR (<15%), which highlighted the
urgency for appropriate combination therapy strategy as well.

Interestingly, previous study exhibited that antiangiogenic drugs reprogrammed the tumor milieu from an immuno-
suppressive to an immune permissive microenvironment, and the activated immunity by PD-1/PD-L1 blockades also
facilitated anti-angiogenesis by downregulating the expression of vascular endothelial growth factor and alleviating
hypoxia condition.17 Furthermore, a recent study found that anlotinib increased infiltration of innate immune cells,
including natural killer (NK) cells and antigen-presenting cell (APC). These results consolidated a role for anlotinib in
the innate immune cell in the tumor microenvironment and a potentially synergistic action combination with immune
checkpoint inhibitor.18 Consequently, we noticed that atezolizumab plus bevacizumab showed promising clinical efficacy
in unresectable hepatocellular carcinoma, thus becoming the standard of care as first-line therapy for unresectable
hepatocellular carcinoma.19 Additionally, recent studies had demonstrated that anlotinib combined with PD-1 blockades
exhibited potentially synergistic effect in patients with non-small cell lung cancer and small cell lung cancer.20,21

However, the clinical activity and safety of anlotinib combined with PD-1 blockades for patients with previously treated
EOC was still scanty.

Therefore, this study was to investigate the efficacy and safety of anlotinib combined with PD-1 blockades for
patients with previously treated EOC retrospectively.

Materials and Methods
Study Design
To our knowledge, anlotinib and PD-1 blockades were licensed in China more than three years, a part of patients with
ovarian cancer were treated with anlotinib combined with PD-1 blockades administration clinically. Therefore, our study
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was designed retrospectively. Patients with ovarian cancer who failed the previous systemic chemotherapy regimens in
the department of medical oncology of Peking union medical college hospital from August 2018 to June 2021 was
included in this study consecutively. The main inclusion criteria were: (a) histological diagnosis of EOC, fallopian tube
cancer and peritoneal cancer; (b) pathological staging of III and IV according to International Federation of Gynecology
Obstetrics (FIGO) staging system (the initial stage at diagnosis); (c) aged ≥18 years; (d) Eastern cooperative oncology
group (ECOG) performance status of 0–2 score; (e) patients progressed after at least two lines previously available
standard therapy, including those who relapsed >6 months after completion of platinum-based chemotherapy (platinum-
sensitive patients), and those who relapsed <6 months after completion of platinum-based chemotherapy (platinum-
resistant patients), which was based on the initial platinum response status; (f) patients were administered with anlotinib
plus PD-1 blockades (any PD-1 checkpoint inhibitors that approved in China) administration; (g) at least one measurable
target lesion according to response evaluation criteria in solid tumors (RECIST 1.1). The major exclusion criteria
included: (a) previous exposure to PD-1, PD-L1 and CTLA-4 blockades, or anlotinib was administered previously.
However, previous bevacizumab administration was permitted; (b) patients were diagnosed with squamous cell skin
cancer or in situ cancer of cervix uteri; (c) active or uncontrolled autoimmune disease; (d) concomitant with another
cancer or serious diseases; (e) efficacy assessment data were not available. The study profile of this study is illustrated in
Figure 1. Eventually, a total of 32 patients with advanced EOC was enrolled. This study was approved by the ethics
committee of Peking union medical college hospital. Written informed consent was obtained by each enrolled patient
according to the recommendations of the Declaration of Helsinki.

Therapeutic Regimens
All the patients with advanced EOC participated in present study were administered with anlotinib combined with PD-1
blockades treatment. Anlotinib was administered orally at an initial dosage of 12mg or 10mg per day (continued for 14
days and discontinued for 7 days, every 21 days as one cycle). And the PD-1 blockades in this study included
camrelizumab (200mg), sintilimab (200mg) and pembrolizumab (200mg). All the PD-1 blockades were 21-day regimen
as well (intravenously administered on day 1, every 21 days as one cycle). The combination regimen continued until

Figure 1 Flow chart of the retrospective study of anlotinib combined with PD-1 blockades in the treatment for patients with previously treated epithelial ovarian cancer.
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disease progression or intolerable adverse reactions of the patients. Overall response of the therapy was assessed based
on RECIST version 1.1 criteria in the opinion of the investigators.22 Target lesions were assessed radiologically using
computed tomography (CT) or magnetic resonance imaging (MRI) for each patient before and during the combination
treatment. Overall response of the target lesions was assessed using CT or MRI scans every two cycles or depended on
the actual situation when the clinical symptoms of the patients were worsened. And the primary endpoint of this study
was PFS, secondary endpoints were OS, ORR, disease control rate (DCR) and safety profile of the treatment.

Assessment of Adverse Reactions of the Combination Regimen
Adverse reactions during the treatment were assessed using Common Terminology Criteria for Adverse Events (CTCAE)
4.03 version to present toxicity profile that might be drug-related.23 Safety profile of the patients who received anlotinib
combined with PD-1 blockades was exhibited and the maximum grade of the adverse reactions of the patients was
recorded as detailed as possible to present the safety profile of the combination regimen.

Statistical Analysis
All the statistical analysis in this study was performed using the statistical analysis software SPSS version 25.0 (IBM,
USA). ORR was defined as the percentage of patients with the best overall response of CR or PR in total patients. DCR
was calculated as the percentage of patients with the best overall response of CR or PR or SD in total patients. PFS was
calculated from the date of the onset of anlotinib combined with PD-1 blockades therapy to the date of disease
progression or death, whichever occurred first. OS was calculated from the date of the onset of anlotinib combined
with PD-1 blockades treatment to the date of death from any cause.24 When no prognostic events were observed, survival
end points were censored at the date of last follow-up. Kaplan–Meier survival curves were drawn using Stata version
14.0 to present the PFS and OS data. Survival difference according to baseline characteristic subgroup was calculated
using Log rank test. Cox regression analysis was introduced for PFS in multivariable analysis. P<0.05 was accepted as
statistically significant.

Results
Baseline Characteristics of the 32 Patients with EOC
Baseline characteristics of the 32 patients with EOC is exhibited in Table 1. Median age of the 32 patients was 56 years
(range: 22–73 years), patients with ≥56 and <56 years were observed in 17 and 15 cases, respectively. ECOG
performance status of 0–1 and 2 score was noted in 18 and 14 patients, respectively. FIGO stage of III and IV was
reported in 21 and 11 patients, respectively. Furthermore, serous and mixed histology of EOC was observed in 23 and 9
patients, respectively. Regarding the type of first-line platinum response, patients with platinum refractory, platinum-
sensitive and platinum-resistant were observed in 7, 15 and 10 cases, respectively. And patients with well differentiated,
intermediate differentiated and poorly differentiated were noted in 5, 11 and 16 patients. It should be noted that lines of
previous treatment regimens of 2 and ≥3 lines were observed in 5 and 27 patients, respectively. Besides, a total of 12
patients (37.5%) had been treated with targeted drugs previously. Interestingly, the initial dosage of anlotinib with 12mg
and 10mg was found in 26 and 6 patients, respectively. Furthermore, PD-1 blockades of camrelizumab, sintilimab and
pembrolizumab were noted in 18, 9 and 5 patients, respectively. Additionally, given that this study was designed as
retrospective study, the adherence of some patients was poor. A total of 5 patients received the combination therapy in
first cycle and then they refused the treatment and were lost to follow-up. Therefore, these 5 patients were absent from
the data for efficacy assessment and were excluded from the analysis ultimately.

Efficacy of Anlotinib Plus PD-1 Blockades
All the 32 patients with treatment-refractory EOC were able to evaluate the efficacy data. The best overall response
suggested that no complete response was observed, partial response was noted in 12 patients, stable disease was observed
in 14 patients, progressive disease was found in 6 patients. As a result, ORR of the 32 patients with treatment-refractory
EOC who received anlotinib plus PD-1 blockades was 37.5% [95% confidence interval (CI): 21.1–56.3%], DCR was
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81.3% (95% CI: 63.6–92.8%). Specifically, the waterfall plot for the best percentage change in target lesion of the 32
patients with treatment refractory EOC is presented in Figure 2. Most of the target lesions among the 32 patients with
EOC reduced significantly. Furthermore, one patient with EOC exhibited a PR after the therapy of anlotinib plus
sintilimab regimen. The CT scan of the target lesion in lymph node site before and after the therapy is illustrated in
Figure 3. This patient had the longest response to the treatment with a PFS of 25.5 months among the 12 patients with
PR. The target lesion shrank dramatically after the combination therapy. This patient benefited significantly from the
combination therapy.

Prognosis of Anlotinib Plus PD-1 Blockades
Follow-up was conducted in this study monthly and regularly. The last follow-up date of this study was September 30
2021. Regarding the prognostic data, the median follow-up duration for the 32 patients with EOC from the date of the

Table 1 Baseline Characteristics of the 32 Patients with EOC

Characteristics Total Patients (N=32) %

Age (years)
Median (range) 56 (22–73) NA

≥56 17 53.1%

<56 15 46.9%
ECOG PS score

0–1 18 56.3%

2 14 43.8%
FIGO stage

III 21 65.6%
IV 11 34.4%

Histology of EOC

Serous 23 71.9%
Mixed 9 28.1%

First-line platinum response

Platinum refractory 7 21.9%
Platinum resistant (<6 months) 15 46.8%

Platinum sensitive (>6 months) 10 31.3%

Tumor differentiation
Well differentiated 5 15.6%

Intermediate differentiated 11 34.4%

Poorly differentiated 16 50.0%
Lines of previous treatment regimens

2 5 15.6%

≥3 27 84.4%
Previous targeted drugs therapy

Yes 12 37.5%

No 20 62.5%
Initial dosage of anlotinib (mg)

12 26 81.3%

10 6 18.7%
PD-1 blockades

Camrelizumab 18 56.3%

Sintilimab 9 28.1%
Pembrolizumab 5 15.6%

Abbreviations: EOC, epithelial ovarian cancer; ECOG, Eastern Cooperative Oncology Group; PS, per-
formance status; NA, not available; FIGO, Federation of Gynecology Obstetrics; PD-1, programmed cell
death protein 1.
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treatment to the date of data cut-off was 17.5 months (follow-up range: 0.9–33.5 months). As illustrated in Figure 4, the
median PFS of the 32 patients with EOC who received anlotinib combined with PD-1 blockades was 6.8 months (95%
CI: 2.64–10.96). And the 6-month and 12-month PFS rate was 56.3% (95% CI: 37.6–71.3%) and 40.4% (95% CI: 23.6–
56.6%), respectively. Besides, given that the follow-up duration of this study was accurate and enough, OS analysis was
performed simultaneously. As exhibited in Figure 5, the median OS of the 32 patients with EOC who received anlotinib
combined with PD-1 blockades was 18.5 months (95% CI: 14.08–22.92). And the 12-month and 24-month OS rate was
75.0% (95% CI: 56.2–86.6%) and 38.8% (95% CI: 21.8–55.5%), respectively.

Additionally, it should be noted that the univariate analysis according to baseline characteristics was carried out in
this study subsequently. As shown in Table 2, ECOG performance status score, FIGO stage and first-line platinum
response were significantly associated with PFS in univariate analysis, which suggested that the prognosis of anlotinib
plus PD-1 blockades regimen might be different according to these characteristics. Obviously, the median PFS of patients
with performance status of 0–1 score was dramatically longer than that of patients with the 2 score (median PFS: 8.5 vs
5.5 months, P=0.027), and the median PFS of patients with FIGO stage of III was better than that of patients with stage
IV (median PFS: 9.7 vs 5.5 months, P=0.016). Besides, patients with platinum refractory and platinum resistant
conferred a worse PFS compared with those with platinum sensitive (median PFS: 5.5 vs 8.5 months, P=0.046).
Interestingly, it should be noted that patients received three PD-1 blockades shared a similar and comparable PFS
when analyzed separately (median PFS: 6.1 vs 6.8 vs 7.6 months, P=0.572).

Figure 2 Waterfall plot for the best percentage change in target lesion of the 32 patients with patients with previously treated epithelial ovarian cancer who were treated
with anlotinib combined with PD-1 blockades administration.

Figure 3 CT scan results of the changes for target lesions in one patient with epithelial ovarian cancer before and after anlotinib combined with PD-1 blockades
administration.
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Furthermore, multivariate Cox regression analysis was constructed for PFS including the baseline characteristics that
were significant in the univariate analysis. The multivariate analysis results are illustrated in Table 3. Obviously,
significantly statistical difference was still observed regarding ECOG performance status and FIGO stage for PFS,
which demonstrated that both ECOG PS score and FIGO stage were independent factors for PFS [hazard ratio (HR)
=0.66, P=0.041 and HR = 0.57, P=0.026)]. Nevertheless, as illustrated in Table 3, after adjusted in the Cox regression
analysis, first-line platinum response conferred a trend to correlate with PFS (HR = 1.44, P=0.069).

Safety Profile of Anlotinib Plus PD-1 Blockades
The maximum grade of each adverse reaction among the 32 patients with EOC who received anlotinib plus PD-1
blockades administration was collected and analyzed in this study. On the whole, treatment related adverse reactions
(TRARs) were observed in 30 patients among the 32 patients included (93.8%). And the grade 3–4 TRARs were noted in
12 patients (37.5%), no grade 5 adverse reactions were detected. During the combination administration, a total of 6
patients (18.7%) experienced dose reduction of anlotinib. Of the 26 patients who were initially administered with
anlotinib dosage of 12mg, 5 patients required a dosage reduction to 10mg. Of the 6 patients who were administered with

Figure 4 Progression-free survival the 32 patients with previously treated epithelial ovarian cancer who were treated with anlotinib combined with PD-1 blockades
administration.

Figure 5 Overall survival the 32 patients with previously treated epithelial ovarian cancer who were treated with anlotinib combined with PD-1 blockades administration.
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anlotinib dosage of 10mg, 1 patient required a dosage reduction to 8mg. And 2 patients (6.3%) experienced a dose
discontinuity of anlotinib and 3 patients (9.4%) experienced a dose discontinuity of PD-1 blockades. The common
reasons of dosage reduction or discontinuity in these patients included hypertension, hand-foot syndrome, fatigue,
diarrhea and pneumonia.

Table 2 Univariate Analysis for PFS of the 32 Patients with EOC According to Baseline Characteristics

Characteristics No. of Patients Median PFS (Months) 95% CI P

Age (years)
<56 15 6.8 3.55–10.05 0.548

≥56 17 6.1 2.54–9.66

ECOG PS score
0–1 18 8.5 5.16–12.84 0.027

2 14 5.5 2.31–8.69

FIGO stage
III 21 9.7 5.98–13.42 0.016

IV 11 5.5 2.11–8.89
Histology of EOC

Serous 23 7.6 4.13–11.07 0.378

Mixed 9 6.1 3.19–9.01
First-line platinum response

Platinum refractory and platinum resistant 22 5.5 2.34–8.66 0.046

Platinum sensitive 10 8.5 5.85–11.15
Tumor differentiation

Well-differentiated and Intermediate differentiated 16 7.6 4.35–10.85 0.102

Poorly differentiated 16 5.5 2.18–8.82
Lines of previous treatment regimens

2 5 7.6 5.08–10.12 0.418

≥3 27 6.1 3.67–8.53
Previous targeted drugs therapy

Yes 12 7.6 4.97–10.23 0.618

No 20 6.8 3.73–9.87
Initial dosage of anlotinib (mg)

12 26 6.8 2.83–10.77 0.336

10 6 6.1 3.02–9.18
PD-1 blockades

Camrelizumab 18 6.1 3.46–8.74 0.572

Sintilimab 9 6.8 3.78–9.82
Pembrolizumab 5 7.6 4.16–11.04

Abbreviations: PFS, progression-free survival; EOC, epithelial ovarian cancer; ECOG, Eastern Cooperative Oncology Group; PS, performance status; FIGO, Federation of
Gynecology Obstetrics; PD-1, programmed cell death protein 1; CI, confidence interval.

Table 3 Multivariate Cox Regression Analysis for PFS According to Baseline Characteristics

Characteristics HR (95% CI) P

ECOG PS score

0–1 vs 2 0.66 (0.35–0.93) 0.041

FIGO stage
III vs IV 0.57 (0.29–0.88) 0.026

First-line platinum response

Platinum refractory and platinum resistant vs platinum sensitive 1.44 (0.97–1.89) 0.069

Abbreviations: PFS, progression-free survival; ECOG, Eastern Cooperative Oncology Group; PS, performance status; HR, hazard
ratio; CI, confidence interval.
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Detailly, as shown in Table 4, the common TRARs were fatigue (68.8%), nausea and vomiting (56.3%), hypertension
(50.0%), diarrhea (40.6%), rash (31.3%), pain (28.1%), hand and foot syndrome (28.1%), weight loss (21.9%),
hepatotoxicity (15.6%), reactive cutaneous capillary endothelial proliferation (RCCEP) (12.5%), proteinuria (12.5%),
pneumonia (8.3%) and bleeding (6.3%). Furthermore, the grade 3–4 adverse reactions were observed with nausea and
vomiting (15.6%), hypertension (15.6%), fatigue (9.4%), diarrhea (6.3%), hand and foot syndrome (6.3%), rash (3.1%)
and proteinuria (3.1%).

Discussion
To our knowledge, this study was the first retrospective study that provided real-world evidence regarding the efficacy
and safety of anlotinib combined with PD-1 blockades for female patients with treatment-refractory EOC. Anlotinib
combined with PD-1 blockades might be a promising effective and safety regimen for patients with treatment-refractory
EOC clinically.

Although EOC was usually sensitive to platinum-based regimen in first-line setting initially, majority of patients
might relapse and develop to chemotherapy resistance eventually, especially platinum resistance.25 Unfortunately,
therapeutic options among patients with EOC who had underwent second-line or more line therapy were still scanty
currently.26 Nevertheless, there were considerable patients in superior physical condition that might continue the salvage
treatment in order to prolong the survival. And a relatively small number of patients were able to obtain the available
third-line of such treatments.27 For those with previously treated platinum-resistant ovarian cancer, a non-platinum-based
drug or clinical trials were recommended. However, the objective response of these regimens using the single drugs was
approximately 10–30%.28 New drugs or treatment regimens were needed urgently to achieve higher response and longer
survival. It was proved that angiogenesis was a hallmark process in EOC and was responsible for tumor spread and
metastasis.29 Consequently, antiangiogenic TKIs also demonstrated potential therapeutic activity for patients with EOC
in third-line treatment as monotherapy. Apatinib and sunitinib monotherapy both showed promising efficacy and safety
for patients with treatment-refractory EOC previously.30 Furthermore, recent years had witnessed that immunotherapy
with PD-1/PD-L1 blockades also exhibited potential activity and tolerable safety for patients with previously treated
EOC. As a result, we noticed that pembrolizumab and nivolumab monotherapy both exhibited durable antitumor activity
and acceptable safety profile for patients with treatment-refractory ovarian cancer as third-line according to the Keynote-
100 and Checkmate trials, respectively.15,16 However, it should be noted that an obvious limitation of both pembrolizu-
mab and nivolumab as monotherapy in ovarian cancer was the low ORR (<15%), highlighting the combination study of
PD-1 blockades plus other agents were of growing importance in this disease.24

Table 4 Safety Profile Among the 32 Patients with EOC Who Were Treated with
Anlotinib Combined with PD-1 Blockades

Adverse Reactions Total (N, %) Grade 3–4 (N, %)

Fatigue 22 (68.8) 3 (9.4)

Nausea and vomiting 18 (56.3) 5 (15.6)

Hypertension 16 (50.0) 5 (15.6)
Diarrhea 13 (40.6) 2 (6.3)

Rash 10 (31.3) 1 (3.1)

Pain 9 (28.1) 0 (0.0)
Hand and foot syndrome 9 (28.1) 2 (6.3)

Weight loss 7 (21.9) 0 (0.0)
Hepatotoxicity 5 (15.6) 0 (0.0)

RCCEP 4 (12.5) 0 (0.0)

Proteinuria 4 (12.5) 1 (3.1)
Pneumonia 3 (9.4) 0 (0.0)

Bleeding 2 (6.3) 0 (0.0)

Abbreviations: EOC, epithelial ovarian cancer; RCCEP, reactive cutaneous capillary endothelial
proliferation.
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Patients with EOC included in this study was those who failed the previous standard therapeutic regimens, which
suggested that the combination regimen was reasonable in view of the fact that no indication of both anlotinib and PD-1
blockades were available among patients with EOC. Collectively, ORR of the 32 patients with EOC who received
anlotinib combined with PD-1 blockades was 37.5%, DCR was 81.3% and the median PFS was 6.8 months, which
yielded an acceptable efficacy and promising PFS numerically. To our knowledge, as an oral multi-target TKI with
inhibition of VEGFR2-3, FGFR1-4, PDGFRα-β, c-Kit and Ret,31 anlotinib was a potential agent to inhibit angiogenesis
and could be safety for EOC. Interestingly, a previous retrospective study included a total of 38 patients with platinum-
refractory EOC who received anlotinib-based regimen.32 And the results indicated that ORR of anlotinib monotherapy
was 23.5%. On the other hand, pembrolizumab and nivolumab as monotherapy had been investigated among patients
with advanced ovarian cancer. Keynote-028 trial recruited a total of 26 patients with PD-1 positive advanced metastatic
ovarian cancer who received pembrolizumab of 10mg/kg administration.33 And the result found that ORR of pembro-
lizumab among patients with ovarian cancer was 11.5%. Study of nivolumab included 20 patients with platinum-resistant
ovarian cancer who were treated with nivolumab of 1 or 3 mg/kg. And the ORR of nivolumab monotherapy was 15%.16

Obviously, PD-1 blockades monotherapy among ovarian cancer yielded an ORR of approximately <15% regardless of
PD-L1 expression. Therefore, the overall response of anlotinib plus PD-1 blockades in this study suggested the
potentially synergistic action for cancer therapy, which was in accordance with the conclusion that observed in patients
with hepatocellular carcinoma who received atezolizumab plus bevacizumab combination therapy.19 Interestingly,
a previous study initiated by YL Yang et al investigated the potential effects of anlotinib on tumor-infiltrating immune
cell using a syngeneic lung cancer mouse model.18 And they found that anlotinib might augment active NK cell
infiltration, accelerate APC recruitment and attenuate the percentage of M2-like tumor-associated macrophages in the
tumor immune microenvironment, thus exhibiting a bona fide innate immune-modulating effect. These results high-
lighted a role for anlotinib in the innate immune cell of the tumor microenvironment and a potentially synergistic action
combination with PD-1 blockades. Similarly, a recent study initiated by JF Liu et al performed a phase II clinical trial to
identify the efficacy and safety of nivolumab plus bevacizumab among patients with relapsed ovarian cancer.24 A total of
38 patients with relapsed EOC who had disease recurrence within 12 months of the lase platinum-based treatment and
received the combination of bevacizumab (10mg/kg) plus nivolumab (240mg). And this regimen yielded an ORR of
28.9% for patients with previously treated relapsed ovarian cancer. Additionally, the DCR in this study was.55.3% and
median PFS was 9.4 months. Obviously, the ORR and DCR in JF Liu’s study were inferior to those in our study, which
might be explained by the fact that antiangiogenic targeted drug anlotinib was different from bevacizumab. Anlotinib was
a multi-targets TKI that had dual effects for both anti-angiogenesis and tumor cell inhibition.34 However, it should be
noted that the median PFS in our study was shorter than that in JF Liu’s trial (median PFS: 6.8 months vs 9.4 months).
We speculated one reason might be attribute to the baseline characteristics of the patients. Majority patients in JF Liu’s
study only received first-line previous systemic chemotherapy, whereas patients included in our study were those who
failed after the previous standard treatment. Therefore, patients in our study were heavily treated with relatively worse
prognosis. Another explanation could be attributed to the retrospective design of our study. It had been proved that the
adherence of the patients in retrospective study was inferior to that in clinical trial. Besides, the discrepancy of ECOG
performance status proportion should be taken into consideration, previous study indicated that poor PS status was
associated with worse prognosis.35 Patients with ECOG 2 score in our study accounted for 43.8%, which was higher than
that in JF Liu’s study (0.0%). Furthermore, multivariate Cox analysis performed in our study suggested that ECOG PS
status was an independent factor for PFS. And the result was consistent with that of the previous study.36 Interestingly,
the multivariate Cox regression analysis for PFS in our study also found that FIGO stage and first-line platinum response
might be independent factors to predict the PFS, which was in concert with the results in a previous retrospective study
regarding apatinib in EOC.37

Additionally, given that the follow-up duration in our study was long enough (median follow-up duration: 17.5
months), OS was analyzed in our study. It should be noted that the median OS in our study was slightly longer than that
in the Keynote-028 trial (median OS: 18.5 vs 13.8 months) and the median OS in the retrospective study regarding
anlotinib in EOC (median OS: 18.5 vs 16.5 months).32,33 We speculated the possible explanation could be the license of
another immunotherapy and PARP inhibitors (Olaparib and Niraparib) since 2018. To our knowledge, PARP inhibitors
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also demonstrated potential clinical benefit for patients with treatment-refractory EOC as the subsequent line
administration.38 As a result, another PD-L1 blockades and PARP inhibitors were still available for the patients when
they progressed after anlotinib combined with PD-1 blockades administration, thus providing the patients with survival
benefits consecutively. Interestingly, it should be noted that patients with platinum-refractory or platinum-resistant
conferred a worse PFS than those with platinum sensitive, even the difference was not statistically significant in
multivariate Cox regression analysis (P=0.069). Therefore, this result demonstrated that patients with platinum-
refractory or resistant might benefit from anlotinib plus PD-1 blockades regimen similarly. However, the conclusion in
our study should be validated in prospective clinical trials subsequently.

The overall adverse reactions of the combination regimen were tolerable and manageable, which was consistent with
the safety profile of a recent report regarding the combination therapy of anlotinib plus PD-1 blockades among patients
with advanced refractory solid tumors.39 Incidence of grade 3–4 TRARs in our study was 37.5%, which was higher than
that among patients with relapsed ovarian cancer who received the treatment of nivolumab and bevacizumab (grade ≥3
TRARs was 23.7%). Even though, it seemed that safety profile of anlotinib plus PD-1 blockades regimen was acceptable
for the patients with EOC. Additionally, the most common TRARs of the combination regimen were hypertension, hand
and foot syndrome, proteinuria and bleeding, which could be attributed to the treatment of anlotinib and were consistent
with the safety profile of the previous study regarding anlotinib in patients with EOC.32 Another immune-related adverse
reactions such as rash, reactive cutaneous capillary endothelial proliferation (RCCEP) and pneumonia were observed
with relatively low incidence, which might be resulted from the treatment of PD-1 blockades.40 Interestingly, RCCEP
was deemed as the specific adverse reaction of camrelizumab that was administered among 18 patients in our study.
Therefore, the actual incidence of RCCEP for camrelizumab administration was 22.2%, which might be slightly lower
than that of the camrelizumab monotherapy for the other cancer (approximately 60%).41 This discrepancy of RCCEP
incidence could be attributed to the therapy of anlotinib that might play a key role to attenuate the occurrence of RCCEP
during camrelizumab administration.42 Collectively, the overall adverse reactions of anlotinib plus PD-1 blockades were
controllable and manageable.

Certainly, limitations existed in our study inevitably. Firstly, the sample size was comparatively small as a real-world
study, only 32 subjects were enrolled. More patients were needed to be included to confirm the efficacy and safety of
anlotinib combined with PD-1 blockades in the future. Secondly, this study was designed as a retrospective analysis and
some potential biases could not be avoided. Toxicity data was not collected and documented completely in retrospective
study. Furthermore, not all the target lesions were scanned at two cycle intervals, which might be a large source for the
potential bias toward calculating PFS data. Thirdly, PD-L1 expression test failed to performed in our study currently.
Available tumor tissue specimens should be collected subsequently to explore the relevance of PD-L1 expression to the
efficacy of the combination regimen. Still and all, we thought our study was of potentially clinical significance to provide
the real-world evidence regarding anlotinib combined with PD-1 blockades for patients with previously treated EOC.

Conclusion
Anlotinib combined with PD-1 blockades demonstrated satisfactory efficacy and tolerable safety profile for patients with
previously treated advanced EOC preliminarily. The conclusion should be confirmed in more patients with advanced
EOC subsequently.
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