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Objective: This study was to investigate the feasibility and safety of anlotinib monotherapy for patients with advanced or metastatic
esophageal squamous cell carcinoma (ESCC) retrospectively.
Methods: This study was designed as a real-world study. A total of 83 patients with advanced or metastatic ESCC who received
anlotinib monotherapy were included. Demographic characteristics of the patients, efficacy data of the treatment and adverse reactions
during the treatment were documented and analyzed through the electronic medical record system in the hospital. All the patients were
followed up regularly. The primary endpoint of this study was progression-free survival (PFS), secondary endpoints were objective
response rate (ORR), disease control rate (DCR), overall survival (OS), safety profile and PFS analysis according to adverse reactions.
Results: A total of 83 patients with ESCC who received anlotinib monotherapy were included. Partial response was observed in 7
patients, stable disease was noted in 51 patients and progressive disease was found in 25 patients, which yielded an ORR of 8.4%
(95% CI: 3.5–16.6%), and a DCR of 69.9% (95% CI: 58.8–79.5%). Furthermore, the median PFS of the 83 patients with advanced
ESCC was 3.3 months (95% CI: 2.20–4.40) and the median OS was 7.8 months (95% CI: 5.40–10.20). Common adverse reactions
among the 83 patients were hypertension (51.8%), fatigue (48.2%), weight loss (41.0%), diarrhea (34.9) and hand-foot syndrome
(30.1%). Correlation analysis between hypertension status and PFS suggested that PFS of the patients with hypertension was longer
than that of those with non-hypertension (median PFS: 4.5 vs 3.0 months, P = 0.019).
Conclusion: Anlotinib monotherapy demonstrated promising efficacy and tolerable toxicity for patients with previously treated
advanced or metastatic ESCC. Hypertension that occurs during anlotinib administration might be used as a potential biomarker to
predict PFS of patients with ESCC. The conclusion should be confirmed in prospective clinical trials subsequently.
Keywords: esophageal squamous cell carcinoma, anlotinib, efficacy, safety, hypertension, biomarker

Introduction
Esophageal cancer was reported to be one of the most common gastrointestinal tumors and the eighth most common
malignancy annually all over the world.1 There were approximately 324,000 new cases and 301,000 deaths of esophageal
cancer in China recorded currently.2 To our knowledge, a great discrepancy is observed regarding the histological type of
esophageal cancer between the East and West nations, which highlights that esophageal adenocarcinoma is the pre-
dominant disease in western countries, while approximately 95% of esophageal cancers in China are esophageal
squamous cell carcinoma (ESCC).3 Given that the etiology and the molecular characteristics are different, the treatment
of esophageal cancer in China has its own methods and the therapeutic strategies for ESCC should be developed
separately from those for esophageal adenocarcinoma in order to optimize the patient outcomes.4 Most patients with
ESCC are diagnosed with locally advanced or metastatic disease initially.5 Cisplatin combined with 5-FU or paclitaxel
chemotherapy were the standard of care as first-line therapy for the patients over the past decades. First-line regimen of
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cisplatin plus 5-FU for patients with ESCC could achieve an objective response rate (ORR) of 33%, a median
progression-free survival (PFS) of 5.5 months and overall survival (OS) of 10 months,6 and the regimen of cisplatin
plus paclitaxel might yield an ORR of 43%, a median PFS of 6 months and OS of 12 months.7 Irinotecan, docetaxel or
paclitaxel were all available as second-line chemotherapy for advanced ESCC over the past decades clinically,8 which
yielded an ORR of 7.5%, a median PFS of 3 months and median OS of approximately 7.1 months.

To our knowledge, immune checkpoint inhibitors initially demonstrated promising antitumor activity and tolerable
toxicity as second-line or further-line therapy for patients with advanced or metastatic ESCC. Pembrolizumab, nivolumab
and PD-1 blockades in China all provided patients with survival benefits when used in a second-line setting.9

Subsequently, a great breakthrough was also observed after the adoption of PD-1 blockades in combination with
chemotherapy. Indeed pembrolizumab, nivolumab and camrelizumab plus chemotherapy, respectively, as first-line
treatment have brought varying degrees of improvement of prognosis in patients with advanced ESCC.10

Unfortunately, therapeutic options with tolerable safety profile for patients with advanced ESCC when failed after the
treatment of front-line PD-1 blockades and systemic chemotherapy are still limited and efficacious regimens are needed
urgently.

It should be noted that, as an oral, antiangiogenic multi-targeted tyrosine kinase inhibitor (TKI) that selectively
inhibits VEGFR2/3, PDGFRα/β, FGFR1-4 and c-Kit, anlotinib had become a new standard of care as third-line therapy
for patients with non-small cell lung cancer (NSCLC) in China since 2018.11 Furthermore, anlotinib demonstrated
a promising efficacy as second-line treatment for patients with advanced ESCC with an ORR of 7.34%, median PFS of
3.02 months and median OS of 6.11 months according to the ALTER1102 phase II clinical trial.12 Consequently,
anlotinib monotherapy might be a promising therapeutic option for patients with ESCC who failed after the previous
treatment of systemic chemotherapy.

Additionally, the overall response of antiangiogenic targeted drug monotherapy for advanced ESCC has also been
disappointing, with the ORR ranging from 7–10% clinically.13 Therefore, it is necessary to explore the potential
biomarkers that might predict the response and prognosis of patients with advanced ESCC who received anlotinib
monotherapy. Interestingly, a previous retrospective study investigated the feasibility of anlotinib monotherapy among
elderly patients with previously treated extensive-stage SCLC.14 The conclusion indicated that hypertension and hand-
foot syndrome induced by the administration of anlotinib might be used as potential biomarkers to predict the PFS of
patients with SCLC. However, the clinical significance of hypertension among patients with advanced ESCC who
received anlotinib administration remains unknown.

Consequently, the present study was to investigate the feasibility and safety profile of anlotinib monotherapy for
patients with advanced or metastatic ESCC. Furthermore, correlation analysis between hypertension induced by anlotinib
treatment and PFS was performed simultaneously.

Patients and Methods
Research Design and Eligibility Criteria
Given that anlotinib has been approved in China for over three years, a considerable number of patients with advanced or
metastatic ESCC have been treated with anlotinib monotherapy in clinical practice, so this study was designed retro-
spectively. Therefore, patients with advanced ESCC who had been treated with previous systemic chemotherapy in the
Department of Oncology and Department of Radiation Oncology of the first affiliated hospital of Zhengzhou University
from July 2018 to November 2021 were included in this study consecutively. The main inclusion criteria were: (1)
histologically confirmed esophageal squamous cell carcinoma with advanced or metastatic disease; (2) eastern coopera-
tive oncology group (ECOG) performance status (PS) of 0–2 score; (3) age of ≥18 years; (4) patients were treated with
previous systemic chemotherapy and had disease progression or intolerant of the corresponding regimen, including
concurrent chemoradiotherapy or systemic chemotherapy; (5) patients were treated with anlotinib monotherapy in
clinical practice; (6) patients had at least one measurable target lesion to present the drug response according to the
response evaluation criteria in solid tumors (RECIST 1.1). Additionally, the main exclusion criteria included: (1) patients
were presence of symptomatic or active brain metastases, those who had stable brain metastasis were permitted to be
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included; (2) patients who had active hemorrhage at the primary lesions over the previous two months, given that
anlotinib might contribute to bleeding; (3) patients with dysphagia in view of the fact that anlotinib was administered
orally. However, patients with dysphagia were also eligible if an alternative feeding route was available; (4) patients were
concomitant with another cancer or serious diseases that might compromise the survival of the patients; (5) efficacy
assessment data of the patients were not available. Ultimately, a total of 83 patients were included in our study, and the
study profile is illustrated in Figure 1. The primary endpoint of this study was PFS, secondary endpoints were ORR,
DCR, OS and safety profile. Furthermore, the exploratory endpoint was the association analysis between hypertension
and PFS. This study was approved by the ethics committee of the First Affiliated Hospital of Zhengzhou University. Each
patient was provided with written informed consent according to the recommendations of the Declaration of Helsinki.

Therapeutic Regimens and Assessment Protocol Regarding Efficacy and Safety
All the patients included in this study were treated with anlotinib monotherapy. Local treatment (mainly radiotherapy) for
non-target lesions was also permitted. Anlotinib monotherapy was administered orally at an initial dosage of 12 mg or
10 mg (determined by the investigator) daily with warm water for two weeks and discontinued for one week, every three
weeks as one therapeutic cycle. The treatment was continued until progression or intolerable adverse reactions.
Additionally, dosage reduction was adjusted according to the tolerance of the patients.

Treatment response was evaluated using RECIST version 1.1 criteria according to the judgement of investigators.
Target lesion in chest was assessed with computed tomography (CT), target lesions in other positions were assessed using
CT or magnetic resonance imaging (MRI) for each patient before and after the administration of anlotinib. Target lesions
were assessed every two cycles or when it was necessary in clinic (clinical symptoms of the patients were getting worse).
The calculation of ORR and DCR in this study was analyzed based on the results of the best overall response evaluated
during the treatment of anlotinib.15 Additionally, safety profile was assessed using Common Terminology Criteria for
Adverse Events (CTCAE) version 4.03 criteria.

Additionally, in the analysis of the prognostic significance of adverse reactions, this study mainly performed an
association analysis between the occurrence of hypertension and PFS. It should be noted that hypertension was defined as

Figure 1 The study profile of the retrospective research regarding anlotinib monotherapy for patients with previously treated advanced or metastatic esophageal squamous
cell carcinoma.
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either new-onset hypertension or worsening grade (based on CTCAE v4.03) from baseline in patients with a history of
hypertension using actual blood pressure measurements. For preexisting hypertension, any increase in drug dosage or
initiation of a new antihypertensive agent was denoted as grade 3 hypertension.

Furthermore, overall survival was also measured in this study. Given that this study was designed as a retrospective
study, clinical demographic characteristics, adverse reactions and status of disease progression of each patient were
collected through the electronic medical record system when the patients underwent hospitalization. The subsequent
follow-up was mainly carried out by telephone. Patients were followed up once a month and the death status was mainly
inquired. The data cut-off date of this study was January 5, 2022.

Statistical Analysis
ORR was defined as the proportion of complete response (CR) and partial response (PR) among all the included patients.
DCR was defined as the proportion of CR and PR and stable disease (SD) among all the patients included. All the
statistical analysis was carried out using SPSS version 25.0. Difference of variables according to hypertension status was
analyzed using chi-square test and the Mann–Whitney U non-parametric test, respectively. Quantitative variables and
qualitative variables were presented as median (range) and number of patients (percentage), respectively. PFS and OS
were defined according to a previous study.14 Survival curves were drawn using Stata 14.0 software to present PFS and
OS. The survival difference was analyzed using Log rank test. Multivariate Cox regression analysis was adopted for PFS
including the variables that were significant in univariate analysis. P <0.05 was considered significant.

Results
Baseline Characteristics of the 83 Patients with ESCC
Baseline characteristics of the 83 patients with previously treated advanced or metastatic ESCC are shown in Table 1.
Obviously, those included in this study were the patients with advanced or metastatic ESCC clinically. Regarding the
hypertension analysis, as shown in Table 1, 43 patients had hypertension and 40 were non-hypertensive. It should be
noted that all the baseline characteristics of patients with hypertension were balanced with those of patients with non-
hypertension (P >0.05).

Efficacy in the 83 Patients with ESCC Who Received Anlotinib Monotherapy
All the 83 patients with advanced or metastatic ESCC who received anlotinib monotherapy from July 2018 to
November 2021 were available for the efficacy evaluation. The results of each radiographic assessment using CT or MRI
were collected and recorded. Efficacy assessment was based on the best overall response during the therapeutic process. As
a result, partial response (PR) was observed in 7 patients, stable disease (SD) was noted in 51 patients and progressive
disease (PD) was found in 25 patients, which yielded an ORR of 8.4% (95% confidence interval (CI): 3.5–16.6%), and DCR
was 69.9% (95% CI: 58.8–79.5%). Specifically, the waterfall plot for the best percentage change in target lesion of the 83
patients with ESCC who received anlotinib monotherapy is illustrated in Figure 2. This shows that a certain number of
patients benefited from anlotinib monotherapy administration, whose target lesions shrank significantly. The chest CT scan of
the target lesions in esophagus and lung sites of a PR patient before and after the administration of anlotinib monotherapy
is illustrated in Figure 3. The target lesion shrank dramatically after anlotinib administration. The imaging result suggested
that this patient benefited significantly from the treatment of anlotinib monotherapy.

Prognosis of the 83 Patients with ESCC Who Received Anlotinib Monotherapy
The data cut-off date of this study was January 5, 2022. With regard to the follow-up data, the median follow-up duration
of the 83 patients with ESCC from the date of anlotinib administration to the date of data cut-off was 7.3 months (follow-
up range: 0.3–26 months). In terms of the PFS data, a total of 65 disease progression or death events were observed at the
date of data cut-off, which yielded a maturity for PFS data of 78.3%. As shown in Figure 4, the median PFS of the 83
patients with advanced or metastatic ESCC who received anlotinib monotherapy was 3.3 months (95% CI: 2.20–4.40).

https://doi.org/10.2147/CMAR.S359482

DovePress

Cancer Management and Research 2022:141718

Zhang et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Additionally, it was noteworthy that the 6-month PFS and 12-month PFS rate was 34.8% (95% CI: 24.4–45.5%) and
13.1% (95% CI: 5.3–24.6%), respectively.

Furthermore, the association between PFS and baseline characteristic subgroups was performed subsequently. The
median PFS and 95% CI according to baseline characteristic subgroups are shown in Table 2. Obviously, patients
benefited from anlotinib monotherapy uniformly regardless of the baseline characteristic subgroups. However, it
is noteworthy that patients with ECOG performance status 0–1 score had a significantly better PFS than those with 2
score in univariate analysis (median PFS: 4.5 vs 2.5 months, P = 0.013). Interestingly, patients who received PD-1
blockades administration previously had a trend for superior PFS compared with those who failed to receive PD-1

Table 1 Demographic and Clinical Characteristics of the 83 Patients with Advanced or Metastatic ESCC According to Hypertension
Status

Characteristics Total Patients
(N = 83, %)

Hypertension Status χ2 P

Hypertension
(N = 43)

Non-Hypertension
(N = 40)

Age (years) Median
(range)

66 (21–81) 66 (21–79) 66 (25–81) NA 0.531

Gender
Male 62 (74.7) 33 (76.7) 29 (72.5) 0.1 0.6

Female 21 (25.3) 10 (23.3) 11 (27.5) 98 57

ECOG PS score
0–1 51 (61.4) 27 (62.8) 24 (60.0) 0.0 0.7

2 32 (38.6) 16 (37.2) 16 (40.0) 68 94

Distant metastasis
Yes 76 (91.6) 39 (90.7) 37 (92.5) 0.0 0.7

No 7 (8.4) 4 (9.3) 3 (7.5) 87 68

Previous surgical
treatment
Yes 34 (41.0) 18 (41.9) 16 (40.0) 0.0 0.8

No 49 (59.0) 25 (58.1) 24 (60.0) 30 63
Lines of anlotinib
treatment
Second-line 9 (10.8) 5 (11.6) 4 (10.0) 0.0 0.8
Third-line or further-line 74 (89.2) 38 (88.4) 36 (90.0) 57 12

Previous targeted drugs
therapy
Yes 16 (19.3) 8 (18.6) 8 (20.0) 0.0 0.8

No 67 (80.7) 35 (81.4) 32 (80.0) 26 72

Previous PD-1 blockades
therapy
Yes 20 (24.1) 11 (25.6) 9 (22.5) 0.1 0.7
No 63 (75.9) 32 (74.4) 31 (77.5) 08 43

Number of metastatic
sites
≤2 56 (67.5) 28 (65.1) 28 (70.0) 0.2 0.6

>2 27 (32.5) 15 (34.9) 12 (30.0) 25 35

Initial dosage of
anlotinib (mg)
12 59 (71.1) 31 (72.1) 28 (70.0) 0.0 0.8

10 24 (28.9) 12 (27.9) 12 (30.0) 44 34

Abbreviations: ESCC, esophageal squamous cell carcinoma; ECOG, Eastern Cooperative Oncology Group; PS, performance status; NA, not available; PD-1, programmed
death ligand 1.
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blockades treatment, although the difference was not statistically significant (median PFS: 4.2 vs 3.0 months, P =
0.103).

Furthermore, given that the follow-up duration of this study was long enough, OS analysis was also carried out
simultaneously. Accordingly, a total of 56 death events were observed at the date of data cut-off, which resulted in
a maturity for OS data of 67.5%. As illustrated in Figure 5, the median OS of the 83 patients with advanced or
metastatic ESCC who received anlotinib administration was 7.8 months (95% CI: 5.40–10.20). Additionally, the 12-
month OS and 24-month OS rate were 40.9% (95% CI: 29.8–51.6%) and 21.3% (95% CI: 11.1–33.7%), respectively.

Safety Profile
The safety profile of anlotinib was safe and controllable and no grade 5 adverse reactions were detected during anlotinib
administration. The maximum adverse reactions among the 83 patients with ESCC that occurred during anlotinib
administration were collected and analyzed in this study. Treatment-related adverse reactions were observed in 75
patients (90.4%) among the 83 patients with ESCC; grade 3–4 adverse reactions were recorded in 29 patients (34.9%).

Specifically, the relatively common adverse reactions are shown in Table 3. Furthermore, the most common grade 3–4
adverse reactions were hypertension (15.7%), fatigue (6.0%), weight loss (4.8%), hand-foot syndrome (3.6%), diarrhea
(2.4%), nausea and vomiting (2.4%), hematological toxicity (2.4%) and AST/ALT elevation (1.2%).

Figure 2 Waterfall plot for the best percentage change in target lesion of the 83 patients with advanced or metastatic esophageal squamous cell carcinoma who received
anlotinib monotherapy (blue columns represent PR, black columns represent SD and red columns represent PD in the best overall response).

Figure 3 The CT scan results of the changes for target lesions in esophagus and lung sites of one patient with esophageal squamous cell carcinoma before and after the
administration of anlotinib monotherapy.
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Additionally, of the 83 patients who received anlotinib monotherapy, a total of 10 patients (12.0%) underwent dose
reduction due to adverse reactions such as hypertension, fatigue and diarrhea. A total of 4 patients (4.8%) experienced
treatment interruption owing to hypertension (2 cases), AST/ALT elevation (1 case) and hematological toxicity (1 case).

Correlation Analysis Between PFS and Hypertension Status
Given that hypertension was the most common adverse reaction and easy to monitor, the prognostic association analysis
was mainly focused on hypertension in this study. As shown in Table 3, a total of 43 patients were observed with
hypertension during anlotinib administration. Accordingly, the PFS of the 83 patients with advanced or metastatic ESCC
according to hypertension status is illustrated in Figure 6. The median PFS of patients with hypertension and non-
hypertension was 4.5 months (95% CI: 0.00–9.05) and 3.0 months (95% CI: 2.38–3.62), respectively, the difference was
statistically significant (χ2 = 5.51, P = 0.019).

Furthermore, Cox regression analysis for PFS was introduced with ECOG performance status which were significant
in univariate analysis to adjust the confounding factors, as illustrated in Table 4. After the multivariate adjustment,
hypertension status was still confirmed to be an independent factor for PFS (Hazard Radio (HR) = 0.67, P = 0.029).
Additionally, ECOG performance status score was also an independent factor for PFS after multivariate adjustment
(HR = 0.56, P = 0.021).

Discussion
Our study investigated the feasibility and safety profile of 83 patients with previously treated advanced or metastatic
ESCC who received anlotinib monotherapy in real-world practice. The results suggested that anlotinib monotherapy was
of preliminarily therapeutic significance and acceptable toxicity as further-line treatment for patients with advanced or
metastatic ESCC. Simultaneously, the correlation analysis indicated that the hypertension induced by anlotinib mono-
therapy might be used as a potential biomarker to predict superior PFS for patients with ESCC.

Esophageal cancer was one of the most common malignant tumors in digestive system with substantial heterogeneity.
Recent years have witnessed a gradual rising trend regarding the prevalence of esophageal cancer in the Chinese
population.9 To our knowledge, esophageal cancer has strong Chinese characteristics and ESCC was the most common
cancer category in China. As a result, considerable studies in Western countries focusing on esophageal adenocarcinoma
were not applicable for Chinese ESCC patients.16 However, relatively limited research progress was observed regarding
the targeted drugs in the field of advanced or metastatic ESCC recently, and the classical platinum combined with 5-FU
or paclitaxel regimens had been used in clinical practice over the past two decades.17 Engagingly, breakthrough research

Figure 4 The progression-free survival curve of the 83 patients with advanced or metastatic esophageal squamous cell carcinoma who received anlotinib monotherapy.
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progress had been achieved regarding immune checkpoint inhibitors (mainly PD-1 blockades) in advanced ESCC since
2019. Pembrolizumab and nivolumab had exhibited promising clinical activity as second-line therapy for patients with
advanced ESCC according to the Keynote-181 and Attraction-3 clinical trials.8,18 However, the two studies only recruited
a small number of Chinese patients, thus the therapeutic value was relatively limited in China. Camrelizumab (a PD-1
blockade in China) demonstrated compelling efficacy as second-line therapy for patients with ESCC in China according
to the ESCORT clinical trial.19 Recently, consecutive clinical trials confirmed that PD-1 blockades combined with
chemotherapy demonstrated great breakthrough for patients with advanced ESCC and could be the standard of care as
first-line therapy for patients with ESCC, according to the Keynote 590, Checkmate 648 and ESCORT-1st clinical
trials.20–22 Still, overall, therapeutic options with tolerable safety profile for patients with advanced ESCC who failed
after the treatment of PD-1-based regimens and systemic chemotherapy were scanty and efficacious regimens were
needed urgently.

The ORR and DCR of the 83 patients with advanced or metastatic ESCC who received anlotinib monotherapy were
8.4% and 69.9%, respectively, and the median PFS of the present study was 3.3 months, which are basically consistent
with the results in the ALTER1102 clinical trial initiated by Professor Huang et al.12 A total of 109 patients with
previously treated ESCC in the ALTER1102 trial were recruited and treated with anlotinib or placebo randomly. Patients

Table 2 Univariate Analysis Between PFS of the 83 Patients with ESCC and Baseline Characteristic Subgroups

Characteristic N Median PFS
(Months)

95% CI P

Age (Years)
≥66 45 3.2 2.15–4.25 0.618

<66 38 3.3 2.31–4.29
Gender
Male 62 3.0 2.06–3.94 0.536

Female 21 3.8 2.58–5.02
ECOG PS score
0–1 51 4.5 0.00–9.05 0.013
2 32 2.5 1.95–3.05

Distant metastasis
Yes 76 3.3 2.12–4.48 0.438
No 7 3.6 2.45–4.75

Previous surgical treatment
Yes 34 3.6 2.33–4.87 0.525
No 49 3.0 1.98–4.02

Lines of anlotinib treatment
Second-line 9 3.8 2.68–4.92 0.625
Third-line or further-line 74 3.3 2.14–4.46

Previous targeted drugs therapy
Yes 16 3.6 2.57–4.63 0.436
No 67 3.3 2.08–4.52

Previous PD-1 blockades therapy
Yes 20 4.2 2.07–6.33 0.103
No 63 3.0 1.95–4.05

Number of metastatic sites
≤2 56 4.3 3.15–5.45 0.371
>2 27 3.3 2.17–4.43

Initial dosage of anlotinib (mg)
12 59 3.8 2.65–4.95 0.205
10 24 3.0 1.89–4.11

Abbreviations: ESCC, esophageal squamous cell carcinoma; ECOG, Eastern Cooperative Oncology Group; PS, performance status; NA, not available; PD-1,
programmed death ligand 1.
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who received anlotinib monotherapy achieved an ORR of 9.1%, DCR of 77.3% and median PFS of 3.02 months. The
efficacy data in the ALTER1102 trial were comparable with those in our study. However, it should be noted that the
proportion of patients who received anlotinib as second-line treatment was lower than that in the ALTER1102 trial
(10.8% vs 36%), which suggested that anlotinib monotherapy was usually administered for patients with treatment-
refractory ESCC in real-world clinical practice.23 Additionally, a recent phase II study initiated by Chu et al. investigated
the efficacy and safety of apatinib (another antiangiogenic TKI, similar to anlotinib) monotherapy among patients with
advanced ESCC.24 A total of 40 patients with chemotherapy-refractory ESCC who received apatinib monotherapy were
included, which yielded an ORR of 7.5%, a DCR of 65.0%, a median PFS of 3.8 months and median OS of 5.8 months.
These findings were basically consistent with those of our study. The above data suggested that antiangiogenic TKI
demonstrated preliminary effectiveness for patients with previously treated advanced ESCC. Furthermore, association
analysis between PFS and baseline characteristic subgroups was also implemented in our study. Apparently, it seemed
that patients benefited from anlotinib monotherapy uniformly regardless of the baseline characteristic subgroups, which
was in concert with a previous retrospective study regarding anlotinib monotherapy for patients with advanced NSCLC.25

Figure 5 The overall survival curve of the 83 patients with advanced or metastatic esophageal squamous cell carcinoma who received anlotinib monotherapy.

Table 3 Safety Profile of the 83 Patients with ESCC Who Received Anlotinib Monotherapy

Adverse Reactions Total (N, %) Grade 1–2 (N, %) Grade 3–4 (N, %)

Any grade adverse reactions 75 (90.4) 29 (34.9)

Hypertension 43 (51.8) 30 (36.1) 13 (15.7)

Fatigue 40 (48.2) 35 (42.2) 5 (6.0)
Weight loss 34 (41.0) 30 (36.1) 4 (4.8)

Diarrhea 29 (34.9) 27 (32.5) 2 (2.4)

Hand-foot syndrome 25 (30.1) 22 (26.5) 3 (3.6)
AST/ALTelevation 19 (22.9) 17 (20.5) 1 (1.2)

Nausea and vomiting 18 (21.7) 16 (19.3) 2 (2.4)

Proteinuria 15 (18.1) 15 (18.1) 0 (0.0)
Dysphonia 12 (14.4) 12 (14.4) 0 (0.0)

Hematological toxicity 9 (10.8) 7 (8.4) 2 (2.4)

Stomatitis 6 (7.2) 6 (7.2) 0 (0.0)
Hemorrhage 4 (4.8) 4 (4.8) 0 (0.0)

Abbreviations: ESCC, esophageal squamous cell carcinoma; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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However, it should be noted that patients with ECOG performance status 0–1 score conferred a significantly longer PFS
than those with 2 score in univariate analysis (median PFS: 4.5 vs 2.5 months, P = 0.013). As a result, our study
exhibited that performance status of 0–1 score might be used as a potential biomarker to predict the prognosis of
anlotinib monotherapy. However, this conclusion should be interpreted with caution. To the best of our knowledge,
patients with ECOG higher score had a trend to correlate with worse prognosis regardless of the therapeutic regimens.26

Therefore, the conclusion that ECOG performance status might be used as a potential biomarker might be confirmed in
prospective clinical trials subsequently. Additionally, it was noteworthy that a total of 20 patients (24.1%) had received
PD-1 blockades previously, which was strikingly different from the baseline characteristics in the ALTER1102 trial
(patients rarely received PD-1 blockades administration). We speculated the discrepancy might be attributed to the
different time periods of patient enrollment. The enrollment period was from January 2016 to May 2018 in the
ALTER1102 trial, while patients in our study were included from July 2018 to November 2021. A considerable number
of patients in our study were accessible for the PD-1 blockades to some extent, which also suggested that PD-1 blockades
had become a hot spot for patients with advanced or metastatic ESCC clinically since 2019.27 Interestingly, we also
found that patients who received PD-1 blockades administration previously had a trend for superior PFS compared with
those who failed to receive PD-1 blockades treatment, although the difference was not statistically significant (median
PFS: 4.2 vs 3.0 months, P = 0.103). It seemed that the previous PD-1 blockades administration might improve the
prognosis of anlotinib monotherapy to some extent. A previous exploratory study indicated that the anti-PD-1 therapy
might restore T cells from exhausted status to activity status, resulting in the enhancement of tumor-killing activity.28

Accordingly, we noticed that a recent reported study initiated by Aoki et al. investigated a similar topic clinically.29

A total of 36 patients with hepatocellular carcinoma (HCC) who had failed the prior PD-1/PD-L1 blockades therapy were

Figure 6 The progression-free survival curve of the 83 patients with advanced or metastatic esophageal squamous cell carcinoma who received anlotinib monotherapy
according to hypertension status.

Table 4 Multivariate Cox Analysis for PFS Based on Baseline Characteristic and
Hypertension Status

Characteristics HR 95% CI P

ECOG performance status score
0–1 vs 2 0.56 0.22–0.89 0.021

Hypertension status
Hypertension vs non-hypertension 0.67 0.31–0.91 0.029

Abbreviations: ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; CI, confidence interval.
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included and treated with lenvatinib (another antiangiogenic TKI) monotherapy, which yielded an ORR of 55.6%, DCR
of 86.1% and median PFS and OS of 10 and 15.8 months, respectively. All of the efficacy outcomes were better than
those of lenvatinib treatment alone. This study was closely consistent with our study . The superior PFS of anlotinib
monotherapy after PD-1 blockades administration in our study suggested the potentially synergistic action for cancer
therapy, which was in accordance with the result that was observed in patients with HCC who received atezolizumab plus
bevacizumab combination therapy.30 However, the conclusion that the efficacy of anlotinib monotherapy might be more
profound after PD-1 blockades administration should be elucidated in prospective clinical trials subsequently.
Additionally, OS was also measured in our study. The median OS in our study was longer than that of anlotinib group
in the ALTER1102 trial (median OS: 7.8 vs 6.1 months).12 Additionally, OS in our study was longer than that of
a previously reported study regarding apatinib for ESCC (median OS: 7.8 vs 5.8 months).24 We speculated the possible
explanation could be attributed to the fact that continuous PD-1 blockades and antiangiogenic targeted drugs were
licensed in China since 2018.31 Interestingly, a recent network meta-analysis initiated by Lin et al. investigated the
comparative efficacy of the different regimens for previously treated patients with advanced ESCC.32 The conclusion
suggested that the administration of PD-1 blockades, especially camrelizumab was likely to be the optimal regimen for
patients with ESCC and provided survival benefit for the patients. As a result, considerable PD-1 blockades and targeted
drugs were still available for the patients with advanced or metastatic ESCC when they progressed after anlotinib
administration in our study, thus providing the patients with survival benefits consecutively.

Furthermore, no grade 5 adverse reactions were observed and no unexpected adverse signal was detected during
anlotinib administration. The overall adverse reactions to anlotinib were acceptable and controllable, which was
consistent with the safety profile of anlotinib monotherapy in a previous study.33 Additionally, the relatively common
adverse reactions were hypertension, fatigue, weight loss, diarrhea, hand-foot syndrome, ASL/ALT elevation, nausea and
vomiting, proteinuria, dysphonia, hematological toxicity, stomatitis and hemorrhage, which was consistent with the
profile of the adverse reactions commonly observed in the ALTER1102 trial.12 Interestingly, it should be noted that the
overall incidence was slightly lower than that of the ALTER1102 study numerically. Besides, most of the adverse
reactions recorded in this study were those did not require laboratory examination. Also, the incidence of biochemical
test adverse reactions including ASL/ALT elevation, hematological toxicity and proteinuria was lower than that in
clinical trials, which was in line with a previous real-world study regarding anlotinib monotherapy.34 We speculated the
explanation might be attributed to the retrospective design of our study, considerable patients failed to receive relevant
biochemical examinations in time, and some adverse actions were missing and recorded incompletely, thus contributing
to a potential bias and the relatively low incidence of adverse reactions in our study. Furthermore, hypertension was also
the most common adverse reaction in our study with an incidence of 51.8% and grade 3–4 incidence of 15.7%, which
was in accordance with the incidence of anlotinib monotherapy in solid tumor.35 To our knowledge, hypertension was
a common adverse reaction associated with treatment with antiangiogenic targeted drugs that acted on the VEGF/VEGFR
pathway. However, the mechanisms underlying this have not been interpreted thoroughly.36 Several previous studies
suggested that the inhibition of VEGFR in vascular endothelial cells decreased the production of nitric oxide and
prostacyclins, thus leading to increased blood pressure.37 Given that hypertension was the most common adverse reaction
that was easy to monitor, this might attenuate the potential bias in a retrospective study to some extent, as the prognostic
association analysis was mainly focused on hypertension in our study. The relevance analysis indicated that patients with
hypertension had a longer PFS than those with non-hypertension, and hypertension induced by anlotinib treatment might
be used as a potential biomarker to predict PFS of patients with ESCC. This finding in our study was consistent with that
of considerable retrospective studies regarding anlotinib monotherapy in other cancers.14,15 Furthermore, a recent post-
hoc analysis of the ALTER1102 trial initiated by Huang et al. investigated the association between treatment-induced
hypertension and efficacy of anlotinib in recurrent or metastatic ESCC.38 The results indicated that a total of 59 patients
(54%) were observed to have treatment-induced hypertension and they had a longer PFS and OS and higher ORR, which
was consistent with the association analysis between hypertension and PFS in our study. To our knowledge, hypertension
induced by angiogenesis inhibitors might result from the inherent host biology that caused the difference in VEGF/
VEGFR inhibitors and served as a biomarker for the efficacy of angiogenesis inhibitors.39 Collectively, the conclusion
that patients with hypertension might have superior PFS should be validated in large-scale prospective trials
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subsequently. Additionally, from the clinical feasibility view for investigators and patients, more active attempts should
be used to control hypertension instead of immediate reduction in drug dosage or interruption of the treatment when
hypertension was detected during anlotinib administration.40

From the objective view, limitations were observed in our study, inevitably. Firstly, the sample size was comparatively
small for a real-world study, with only 83 patients enrolled. Feasibility and safety profile of anlotinib monotherapy still
need to be elucidated in more patients. Secondly, some objective bias could not be avoided in a retrospective study, for
instance, the maturity of PFS and OS data was relatively low and the record of adverse reactions in our study was poor
compared with a phase III clinical trial. Still, overall, our study provided real-world evidence regarding the efficacy and
safety of anlotinib monotherapy among patients with previously treated advanced or metastatic ESCC, and hypertension
might be a potential biomarker to predict PFS for patients with ESCC, which could have clinical implications for
clinicians.
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