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Purpose: Anlotinib, a tyrosine kinase inhibitor, has shown encouraging anti-tumor activity in esophageal squamous cell carcinoma 
(ESCC). This study present real-world data on the efficacy and safety of chemoradiotherapy (CRT) plus anlotinib versus CRT alone in 
patients with lymph node recurrence of ESCC after radical resection.
Patients and Methods: Patients with lymph node recurrence of ESCC who received CRT with or without anlotinib between 
January 2017 and December 2019 were retrospectively analyzed. Treatment response, overall survival (OS), progression free survival 
(PFS) and treatment-related toxicities were compared between groups. Propensity score matching (PSM) analysis was used to balance 
baseline covariates.
Results: A total of 291 ESCC patients with lymph node recurrence received CRT plus anlotinib (n = 76) or CRT alone (n = 215). 
After PSM, 68 well-balanced patients in each group were included. The partial response rate (58.8% vs 41.2%, p = 0.04) and objective 
response rate (86.7% vs 61.8%, p = 0.001) were significantly higher in the CRT plus anlotinib group than in the CRT group. Patients in 
the CRT plus anlotinib group had significantly longer OS (3-year OS, 42.7% vs 23.5%, p = 0.008) and PFS (12-month PFS, 47.1% vs 
32.4%, p = 0.026) than those in the CRT group. Multivariate survival analysis revealed that the treatment group (p = 0.007) was an 
independent predictor of OS. No significant differences were observed in grade 3–4 treatment-related adverse events between the two 
groups (39.5% vs 30.7%, p = 0.162).
Conclusion: Compared with CRT alone, the addition of anlotinib to CRT was safe and provided survival benefits in ESCC patients 
with lymph node recurrence after radical resection.
Keywords: esophageal squamous cell carcinoma, lymph node recurrence, chemoradiotherapy, anlotinib, survival

Introduction
Esophageal squamous cell carcinoma (ESCC) is highly prevalent in south-east Asia and Africa.1 In 2017, approximate 
235000 new cases of ESCC occurred in China, which accounts for 49.6% of the global cases.2 ESCC is an aggressive 
malignancy, frequently showing regional lymph node metastasis and invasion of adjacent organs. Despite therapeutic 
advances in surgical technique and neoadjuvant therapy in recent years, the clinical outcomes are poor due to local 
recurrence and distant metastasis after surgery. About 43–53% of patients will eventually develop regional or supracla
vicular lymph node metastasis, and the median time to recurrence ranges from 10–12 months.3–6 Currently, treatments for 
recurrent or metastatic ESCC are chemotherapy, chemoradiotherapy (CRT), and immunotherapy. However, the outcome 
for patients receiving cisplatin-based CRT remains unsatisfactory, with a median overall survival (OS) of 17 months and 
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a 3-year OS rate less than 11%.7 Therefore, more effective treatment regimens are urgently needed to improve clinical 
outcomes.

Angiogenesis is involved in the proliferation, progression and metastasis of tumor cells. Inhibitions of angiogenesis 
have been effective in treating multiple tumor types, including hepatocellular carcinoma, non-small cell lung cancer 
(NSCLC), and ESCC.8–10 Anlotinib is an oral multi-targeted tyrosine kinase inhibitor that blocks angiogenesis-related 
kinases such as vascular endothelial growth factor receptor 1–3, fibroblast growth factor receptor 1–4, platelet-derived 
growth factor receptor α/β, c-Kit and Ret.11,12 In vitro, anlotinib could suppress tumor cell proliferation, induce G2/M 
phase arrest and increase apoptosis in intrahepatic cholangiocarcinoma cell lines.13 In a phase II clinical trial, the use of 
anlotinib monotherapy (12 mg once per day) significantly improved progression free survival (PFS) compared with 
placebo (3.02 vs 1.41 months) in patients with advanced or metastatic ESCC.14 Recently, several studies have suggested 
that the combination of anlotinib with concurrent chemotherapy improves the prognosis of patients with NSCLC, 
recurrent glioblastoma and metastatic osteosarcoma.15–17 In a prior multi-center phase II study, anlotinib in combination 
with chemotherapy as the first line therapy achieved a satisfactory survival (median OS, 18.53 months) and manageable 
toxicities for patients with recurrent/advanced ESCC.18 Based on these results, anlotinib plus chemotherapy has been 
recommended in the 2022 version of the Chinese Society of Clinical Oncology for first-line or later treatment of 
metastatic ESCC. Although, a series of studies have demonstrated that anlotinib has promising antitumor activities and 
tolerable toxic effects in a variety of tumors, the use of anlotinib in combination with CRT for postoperative lymph node 
recurrence of ESCC has not been reported.

Therefore, the present study aimed to compare the differences in survival outcomes and safety of CRT plus anlotinib 
versus CRT alone in patients with lymph node recurrence of ESCC after radical surgery.

Materials and Methods
Patients
The medical records of recurrent ESCC patients who received CRT with or without anlotinib at Huai’an First People’s 
Hospital between January 2017 and December 2019 were screened. For inclusion in the study, patients met all the 
following criteria: R0 resection for primary ESCC (if radiotherapy was performed in the previous treatment, at least 12 
months had passed since the end of the previous radiotherapy), Eastern Cooperative Oncology Group performance status 
(ECOG PS) of 0–2, aged 20–75 years, lymph node recurrence (including supraclavicular, mediastinal and abdominal 
lymph nodes), and no history of targeted therapy. Patients were excluded if they had the following conditions: esophageal 
fistulas, fresh gastrointestinal bleeding, active infection, anastomotic recurrence or distant metastasis, incomplete medical 
data, or loss to follow up. Patients with other malignancy histories and/or serious cardiac, liver, pulmonary, renal, or 
blood system diseases were also excluded. The 7th edition of the International Union Against Cancer (UICC) TNM 
classification was used to stage the primary disease after surgery. Patients were divided into two groups according to 
whether they received anlotinib (CRT plus anlotinib group) or not (CRT group). This study adhered to the principles 
outlined in the Declaration of Helsinki, and was approved by the institutional review board of Huai’an First Hospital. All 
patients signed written informed consent forms for treatment and agreed to cooperate with the follow-up visits.

Treatments
Radiotherapy
Radiotherapy (intensity-modulated radiation therapy), with a median radiation dose of 50.4 Gy (range, 50–60 Gy) was 
administered in daily fractions of 1.8–2.0 Gy. Involved-field irradiation was adopted for all patients. Enhanced CT was 
used to define the gross tumor volume (GTV). Lymph nodes with short axis size ≥ 1 cm on CT or positive PET images 
were included in the GTV. The boundaries of lymph node regions were determined according to the 2014 International 
Association for the Study of Lung Cancer lymph node map.19 The clinical target volume (CTV) was defined as a 0.8 cm 
radial margin and a 1.5–2.0 cm craniocaudal margin from the GTV. The planning target volume (PTV) was defined as the 
CTV plus a 0.5 cm margin in all directions.
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Chemotherapy
All patients received chemotherapy concurrently with radiotherapy. Most patients (74.2%, 216/291) were treated with 
cisplatin and docetaxel-based regimens. Among them, 87 patients received docetaxel 25 mg/m2 and cisplatin 25 mg/m2 

weekly for 5–6 weeks. Another 119 patients received docetaxel 75 mg/m2 on day 1 and cisplatin 25 mg/m2 on days 1–3 
every 3 weeks for 2 cycles. Patients aged 70 years or older were treated with S-1 (70 mg/m2, twice per day, on days 1–14 
and days 22–36) based regimen. Approximately 4–5 weeks after the completion of CRT, four additional cycles of 
consolation chemotherapy with the same regimens were added for patients who still had sufficient performance status.

Anlotinib Treatment
At our institution, patients with bulky lymph node metastases and/or adverse histology were referred for CRT plus 
anlotinib. Patients received anlotinib (Chia Tai Tianqing Pharmaceutical Group Co., Ltd., Nanjing, China) once daily 
(2 weeks on/1 week off) on the first day of radiotherapy. The initial dose of anlotinib (8 mg, 10 mg or 12 mg) was 
determined by clinicians according to patient age, general condition, and weight. After CRT, patients received the same 
dose of anlotinib as maintenance therapy until disease progression or for 12 months. If patients developed grade 3 or 
higher drug-related toxicities, treatment interruption was performed to manage toxic events. Treatment was permanently 
discontinued when there was disease progression or unacceptable toxicity. The reported toxicities were hypertension, 
hand-foot syndrome, proteinuria, hepatic insufficiency, diarrhea, hemoptysis, and hematemesis.

Assessment of Toxicity and Response
Acute treatment-related toxicity was monitored throughout the treatment and 3 months after CRT. The hematology and 
biochemistry assessments were done every week during treatment. During CRT, barium swallow and CT scans were 
performed every 2 weeks to monitor adverse events. During anlotinib maintenance therapy, toxicities were assessed 
every 3 weeks and graded in accordance with the National Cancer Institute Common Toxicity Criteria for Adverse 
Events (NCI-CTCAE) version 4.0.

Tumor responses were evaluated by contrast-enhanced CT using the Response Evaluation Criteria in Solid Tumors 
version 1.1 (RECIST 1.1) 4–6 weeks after CRT. A complete response (CR) of the lymph node metastasis was defined as 
the complete disappearance of all visible lymph node metastases on a CT scan. A partial response (PR) was defined as 
more than 30% reduction in lymph node metastasis. Objective response rate (ORR) was the sum of the CR and PR rates.

Follow-up
In the CRT plus anlotinib group, tumor responses were evaluated every 3 cycles during maintenance therapy. After the 
completion of treatment, all patients were followed up every 3–6 months for the first 2 years and then once per year. 
Follow-up tests included physical examination, CT scans, complete blood count, and hepatic, renal, thyroid and 
coagulation function. Follow-up data were obtained from patients’ medical records and/or telephone interviews. This 
study was censored on 31 May 2025.

Statistical Analysis
Demographic, clinicopathologic and treatment characteristics were summarized using descriptive statistics and compared 
between groups using χ2 test or Fisher’s exact test. To reduce selection bias and balance patient characteristics, propensity 
score matching (PSM) analysis was performed for each patient using the variables including age, gender, ECOG PS, 
tumor location, differentiation, stage of primary tumor, previous treatment, lymph node recurrence site, maximum lymph 
node diameter, chemotherapy regimen and radiation dose. Patients in the study and control groups were matched (1:1) 
using nearest-neighbor matching without replacement. OS and PFS were calculated from the starting date of CRT to the 
date of death from any cause and the date of the first radiographic progression or recurrence, respectively, or to the last 
follow-up (censored). OS and PFS were estimated using the Kaplan‒Meier method. Univariate analysis was performed to 
evaluate the associations between potential prognostic factors and OS. Factors included in the final multivariate survival 
analysis were those with p < 0.05 in the univariate analysis. All statistical tests were two sided, and p values less than 
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0.05 were considered as significant. All statistical calculations and PSM analyses were performed using SPSS ver
sion 22.0.

Results
Patient and Treatment Characteristics
From January 2017 to December 2019, a total of 291 patients met the inclusion criteria and were included in this 
retrospective analysis. Of all patients, 217 (74.6%) received surgery alone, and 74 (25.4%) received postoperative 
adjuvant therapy (including 28 with postoperative radiotherapy, 26 with postoperative chemotherapy, and 20 with 
postoperative CRT). The diagnosis of lymph node recurrence was mainly based on follow-up CT (245, 84.2%), PET- 
CT (28, 9.6%), or biopsy (18, 6.2%). The most common site of recurrence was station 2R (95, 32.6%), followed by 7 (77, 
26.5%) and supraclavicular (71, 24.4%) lymph nodes. The number of lymph node recurrences was one in 79 patients 
(27.1%), two in 116 patients (39.9%), three in 81 patients (27.8%) and ≥ four in 15 patients (5.2%). The median time 
from surgery to the diagnosis of lymph node recurrence was 11 months (range, 2–68 months).

Of the 291 patients, 76 received CRT plus anlotinib (CRT plus anlotinib group), and 215 received CRT (CRT group). 
The clinical and treatment characteristics of each group are listed in Table 1. Patients in the CRT plus anlotinib group 
were younger (p = 0.026), had larger tumor (p = 0.007) and had poorer differentiation (p = 0.044) than those in the CRT 
group. The rate of consolidation chemotherapy was also higher in the CRT plus anlotinib group (p = 0.004, Table 1). No 
other significant differences were found between the two groups with respect of gender, ECOG PS, tumor location, 
primary tumor stage, previous treatment, chemotherapy regimen or radiation dose.

Table 1 Baseline Patient, Tumor, and Treatment Characteristics Before and After PSM

Before PSM p value After PSM p value

CRT Plus Anlotinib 
n = 76

CRT 
n = 215

CRT Plus Anlotinib 
n = 68

CRT 
n = 68

Age 0.026 0.483

< 65 47 (61.8%) 101 (47.0%) 43 (63.2%) 39 (57.4%)

≥ 65 29 (38.2%) 114 (53.0%) 25 (36.8%) 29 (42.6%)

Gender 0.755 1.000

Male 60 (78.9%) 166 (77.2%) 54 (79.4%) 54 (79.4%)

Female 16 (21.1%) 49 (22.8%) 14 (20.6%) 14 (20.6%)

ECOG PS 0.553 0.602

0 33 (43.4%) 85 (39.5%) 30 (44.1%) 27 (39.7%)

1-2 43 (56.6%) 130 (60.5%) 38 (55.9%) 41 (60.3%)

Tumor location 0.664 0.916

Upper 6 (7.9%) 14 (6.5%) 6 (8.8%) 6 (8.8%)

Middle 52 (68.4%) 139 (64.7%) 48 (70.6%) 46 (67.6%)

Lower 18 (23.7%) 62 (28.8%) 14 (20.6%) 16 (23.5%)

Differentiation 0.044 0.710

Well 6 (7.9%) 10 (4.7%) 3 (4.4%) 4 (5.9%)

Moderate 50 (65.8%) 172 (80.0%) 45 (66.2%) 48 (70.6%)

Poor 20 (26.3%) 33 (15.3%) 20 (29.4%) 16 (23.5%)

Stage of primary tumor 0.703 0.720

IB-IIA 28 (36.8%) 74 (34.4%) 25 (36.8%) 23 (33.8%)

IIB-III 48 (63.2%) 141 (65.6%) 43 (63.2%) 45 (66.2%)

Previous treatment 0.689 0.641

Radiotherapy 8 (10.5%) 20 (9.3%) 6 (8.8%) 7 (10.3%)

Chemotherapy 8 (10.5%) 18 (8.4%) 8 (11.8%) 5 (7.4%)

CRT 4 (5.3%) 16 (7.4%) 3 (4.4%) 4 (5.9%)

(Continued)
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After 1:1 PSM, 68 patients in the CRT plus anlotinib group and 68 matched patients in the CRT group were finally 
selected. The baseline demographics and tumor characteristics were well matched between the two groups (all p > 0.4, 
Table 1). In the CRT plus anlotinib group, 63 patients (92.6%) received anlotinib at an initial dose of 12 mg. During 
CRT, 66 (97.1%) of the 68 patients completed 2 cycles of the planned anlotinib regimen. The median treatment 
duration for anlotinib was 34 weeks (range, 2–52 weeks). Fifty-six patients (82.4%) received anlotinib for more than 6 
cycles.

Tumor Response
Seven patients (2 in the CRT plus anlotinib group and 5 in the CRT group) were not evaluable by RECIST 1.1 criteria 
because they died before the first evaluation of treatment effect. Before PSM, a total of 74 patients (97.4%) in the CRT 
plus anlotinib group and 201 patients (93.5%) in the CRT group completed at least 50 Gy of radiation. The PR rate 
(58.1% vs 40.5%, p = 0.009) and ORR (86.5% vs 69.5%, p = 0.004) were significantly higher in the CRT plus anlotinib 
group than in the CRT group (Table 2).

After PSM, all patients completed full dose radiotherapy. The PR rate (58.8% vs 41.2%, p = 0.04) and ORR (86.7% 
vs 61.8%, p = 0.001) were still significantly higher in the CRT plus anlotinib group than in the CRT group (Table 2). In 
addition, a higher number of patients in the CRT plus anlotinib group achieved CR than did those in the CRT group, but 
the difference was not significant (27.9% vs 20.6%, p = 0.317, Table 2).

Overall Survival Rate and Progression Free Survival Rate Before and After PSM
Before PSM, 60 of 76 patients (78.9%) in the CRT plus anlotinib group and 191 of 215 patients (88.8%) in the CRT 
group experienced disease progression. The incidence of tumor recurrence was significantly lower in the CRT plus 
anlotinib group than in the CRT group (p = 0.016). The 6- and 12-month PFS rates were 82.9% and 44.7%, respectively, 
in the CRT plus anlotinib group, and 67.4% and 32.1%, respectively, in the CRT group (Figure 1A). At the time of the 
analysis, 58 patients (76.3%) in the CRT plus anlotinib group and 188 patients (87.4%) in the CRT group had died. OS 

Table 1 (Continued). 

Before PSM p value After PSM p value

CRT Plus Anlotinib 
n = 76

CRT 
n = 215

CRT Plus Anlotinib 
n = 68

CRT 
n = 68

Lymph node recurrence site 0.509 0.855

Supraclavicular 11 (14.5%) 37 (17.2%) 10 (14.7%) 10 (14.7%)

Mediastinal 42 (55.3%) 127 (59.1%) 37 (54.4%) 41 (60.3%)

Abdominal 6 (7.9%) 19 (8.8%) 5 (7.4%) 5 (7.4%)

Multiple 17 (22.4%) 32 (14.9%) 16 (23.5%) 12 (17.6%)

Maximal lymph node diameter 0.007 0.731

< 3 cm 35 (46.1%) 137 (63.7%) 34 (50.0%) 32 (47.1%)

≥ 3 cm 41 (53.9%) 78 (36.3%) 34 (50.0%) 36 (52.9%)

Radiation dose 0.320 0.729

50-50.4 Gy 45 (59.2%) 141 (65.6%) 38 (55.9%) 40 (58.8%)

> 50.4 Gy 31 (40.8%) 74 (34.4%) 30 (44.1%) 28 (41.2%)

Concurrent chemotherapy 0.430 0.679

Docetaxel plus cisplatin 59 (77.6%) 157 (73.0%) 52 (76.5%) 54 (79.4%)

S-1 17 (22.4%) 58 (27.0%) 16 (23.5%) 14 (20.6%)

Consolidation chemotherapy 0.004 0.477

Yes 67 (88.2%) 154 (71.6%) 59 (86.8%) 56 (82.4%)

No 9 (11.8%) 61 (28.4%) 9 (13.2%) 12 (17.6%)

Nutritional support 0.455 0.613

Yes 9 (11.8%) 33 (15.3%) 8 (11.8%) 10 (14.7%)

No 67 (88.2%) 182 (84.7%) 60 (88.2%) 58 (85.3%)

Abbreviations: PSM, propensity score matching; ECOG PS, Eastern Cooperative Oncology Group performance status; CRT, chemoradiotherapy.

Drug Design, Development and Therapy 2025:19                                                                             https://doi.org/10.2147/DDDT.S544203                                                                                                                                                                                                                                                                                                                                                                                                   9335

Zhu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



was significantly improved in the CRT plus anlotinib group compared with the CRT group (p = 0.006). The 1-year and 
3-year OS rates were 76.3% and 39.5%, respectively, in the CRT plus anlotinib group, and 62.3% and 25.5%, 
respectively, in the CRT group (Figure 1B).

After PSM, PFS and OS were still significantly higher in the CRT plus anlotinib group than in the CRT group 
(6-month PFS, 88.2% vs 63.2%; 12-month PFS, 47.1% vs 32.4%, p = 0.026, and 1-year OS, 79.4% vs 61.8%; 3-year OS, 
42.7% vs 23.5%, p = 0.008, Figure 1C and D).

Figure 1 Progression free survival rate (PFS) and overall survival rate (OS) before (A and B) and after PSM (C and D). The CRT plus anlotinib group had significantly longer 
PFS and better OS than the CRT group (all p < 0.05).

Table 2 Tumor Response to Treatment Before and After PSM

Response Before PSM p value After PSM p value

CRT Plus Anlotinib 
Group (n = 74)

CRT Group 
(n = 210)

CRT Plus Anlotinib 
Group (n = 68)

CRT Group 
(n = 68)

CR 21 (28.4%) 61 (29.0%) 0.913 19 (27.9%) 14 (20.6%) 0.317
PR 43 (58.1%) 85 (40.5%) 0.009 40 (58.8%) 28 (41.2%) 0.040

SD 9 (12.2%) 47 (22.4%) 0.057 9 (13.2%) 19 (27.9%) 0.034

PD 1 (1.4%) 17 (8.1%) 0.077 0 7 (10.3%) 0.020
ORR 64 (86.5%) 146 (69.5%) 0.004 59 (86.7%) 42 (61.8%) 0.001

Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate.
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Univariate and Multivariate Analysis of Prognostic Factors for Overall Survival
Table 3 shows the univariate and multivariate analysis of potential prognostic factors for OS in matched patients. Patient 
age (p = 0.047), primary tumor stage (p = 0.043), number of recurrent lymph nodes (p = 0.016), tumor response after 
CRT (p = 0.039) and treatment group (p = 0.009) were significantly associated with OS. In the multivariate analysis, the 
number of recurrent lymph nodes (HR = 2.023, 95% CI 1.258–3.253, p = 0.004), tumor response after CRT (HR = 1.771, 

Table 3 Univariate and Multivariate Cox Analysis of Overall Survival After PSM

Prognostic Factors Univariate Multivariate

HR 95% CI p value HR 95% CI p value

Age

< 65 1

≥ 65 1.471 1.005–2.153 0.047 1.459 0.983–2.165 0.061
Gender

Male 1
Female 0.830 0.516–1.337 0.444

ECOG PS

0 1
1-2 0.912 0.625–1.331 0.634

Tumor location

Upper 1
Middle 0.732 0.378–1.415 0.354

Lower 0.821 0.394–1.710 0.598

Differentiation
Well 1

Moderate 1.026 0.415–2.537 0.956

Poor 1.393 0.539–3.602 0.493
Stage of primary tumor

IB-IIA 1

IIB-III 1.516 1.014–2.268 0.043 1.333 0.887–2.002 0.167
Number of recurrent lymph node

Single 1

Multiple 1.751 1.111–2.760 0.016 2.023 2.258–3.253 0.004
Lymph node diameter

< 3 cm 1

≥ 3 cm 1.359 0.934–1.977 0.109
Radiation dose

50-50.4 Gy 1

> 50.4 Gy 1.307 0.897–1.904 0.163
Concurrent chemotherapy

Docetaxel plus cisplatin 1

S-1 1.151 0.732–1.810 0.541
Consolidation chemotherapy

Yes 1

No 1.471 0.887–2.441 0.135
Tumor response after CRT

CR 1

Less than CR 1.573 1.007–2.457 0.039 1.771 1.115–2.814 0.015
Treatment group

CRT 1

CRT plus anlotinib 0.609 0.419–0.886 0.009 0.596 0.408–0.871 0.007

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; CR, complete response; CRT, 
chemoradiotherapy; HR, hazard ratio; CI, confidence interval.
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95% CI 1.115–2.814, p = 0.015) and treatment group (HR = 0.596, 95% CI 0.408–0.871, p = 0.007) were identified as 
significant prognostic factors of OS (Table 3).

Treatment Toxicities
Table 4 lists the grade 3–4 treatment-related adverse events (TRAEs) that occurred in more than 5% of patients. The most 
frequent grade 3–4 TRAEs in the CRT plus anlotinib group were leukopenia (23.7% vs 21.9% in the CRT group, p = 
0.743), neutropenia (22.4% vs 20.5%, p = 0.726), anemia (10.5% vs 8.8%, p = 0.663), nausea/vomiting (7.9% vs 9.8%, 
p = 0.629), esophagitis (7.9% vs 8.4%, p = 0.897) and pneumonitis (3.9% vs 5.1%, p = 0.922). During CRT, two 
treatment-related deaths occurred in the CRT plus anlotinib group (1 was attributed to pulmonary embolism and 1 to 
gastrointestinal bleeding) and 5 occurred in the CRT group (3 to complications of febrile neutropenia, 1 to stroke, and 1 
to a probable pulmonary embolism).

During the entire treatment period, 93.4% of patients in the CRT plus anlotinib group experienced at least one 
anlotinib related adverse event, but most were grade 1–2. The most common adverse events associated with anlotinib 
were hypertension (39, 51.3%), hand and foot syndrome (27, 35.5%), proteinuria (23, 30.3%), hypothyroidism (12, 
15.8%) and diarrhea (8, 10.5%). The incidences of grade 3–4 hypertension, hand and foot syndrome and diarrhea were 
11.8%, 6.6% and 3.9%, respectively. A total of 6 patients had dose reduction to 10 mg (3 for hand and foot syndrome, 2 
for diarrhea and 1 for proteinuria). There were no grade 5 TRAEs during anlotinib maintenance therapy. Finally, the 
occurrence of grade 3–4 TRAEs was slightly higher in the CRT plus anlotinib group than in the CRT group (39.5% vs 
30.7%, p = 0.162).

Discussion
To our knowledge, this is the first study to evaluate CRT plus anlotinib in patients with postoperative lymph node 
recurrence of ESCC. The present study demonstrated that, compared with CRT alone, CRT plus anlotinib significantly 
increased PFS and OS in patients with postoperative lymph node recurrence of ESCC. In addition, this combination 
therapy was found to have manageable toxicity, and no treatment-related deaths were observed during anlotinib 
maintenance therapy. After PSM, the number of recurrent lymph node, tumor response after CRT and treatment group 
were identified as significant prognostic factors for OS.

Over the past decade, cisplatin in combination with 5-fluorouracil or paclitaxel has been frequently used as the first 
line treatment for patients with advanced or metastatic ESCC.20,21 However, the outcomes of patients treated with 

Table 4 Treatment-Related Adverse Events Stratified by Treatment 
Group

Adverse Events CRT Plus Anlotinib 
(n = 76)

CRT 
(n = 215)

p value

≥ grade 3 TRAEa

Leukopenia 18 (23.7%) 47 (21.9%) 0.743
Neutropenia 17 (22.4%) 44 (20.5%) 0.726

Anemia 8 (10.5%) 19 (8.8%) 0.663

Nausea/vomiting 6 (7.9%) 21 (9.8%) 0.629
Esophagitis 6 (7.9%) 18 (8.4%) 0.897

Pneumonitis 3 (3.9%) 11 (5.1%) 0.922

Anlotinib-related adverse eventsb (grade 3–4)

Hypertension 9 (11.8%)
Hand-foot syndrome 5 (6.6%)

Diarrhea 3 (3.9%)

Notes: aTreatment-related adverse events occurring in 5% or more of patients in 
either group are listed. bAnlotinib-related adverse events occurring in 3% or more of 
patients in the CRT plus anlotinib group are listed.
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chemotherapy alone were poor, with an ORR ranging between 9.7% and 48.6%, and a median OS ranging from 7 to 13 
months.22–24 For patients with regional lymph node recurrence without distant metastasis, treatments included lympha
denectomy, radiotherapy and CRT. Lymphadenectomy has been proven to increase locoregional disease control and 
prolong survival in patients with solitary lymph node recurrence,25 however, only a small portion of patients are eligible 
for salvage resection. Makino et al studied patients with solitary lymph node recurrence of ESCC, reporting that only 
16.7% of patients had a chance to undergo surgery.26 According to previous studies of radiotherapy or CRT for treating 
postoperative lymph node recurrence in patients with ESCC, the median ORR of the 10 studies was 75.9% (range, 
68.8–85.0%), and the median 3-year OS was 37.0% (range, 10.5% to 56.3%).7,27–35 Among them, Kawamoto et al 
reported the survival rates of 57 patients with lymph node recurrence treated with CRT. With a median follow-up of 24 
months, the ORR was 82.5%, and the 3-year OS was 36.9%.28 Yamashita et al reported similar results in a study 
involving 237 recurrent ESCC patients who were treated with salvage radiotherapy or CRT. In that study, patients who 
received CRT had better OS than those who received radiotherapy alone (3-year OS, 39.7% vs 20.8%).30 In our study, 
compared with CRT alone, CRT plus anlotinib significantly prolonged PFS and OS in patients with postoperative lymph 
node recurrence. In addition, the ORR was also higher in the CRT plus anlotinib group than in the CRT group (86.7% vs 
61.8%, p = 0.001). In recent years, there have been several studies on monotherapy or combination therapy with 
antiangiogenic agents for recurrent or advanced ESCC.36–39 Anlotinib monotherapy achieved an ORR of 8.4% and 
a median PFS of 3.3 months in previously treated advanced or metastatic ESCC patients.40 In the ESO-Shanghai 11 
study, patients with chemotherapy refractory ESCC who received apatinib treatment had an ORR of 7.5% and a median 
PFS of 3.8 months.37 In a phase II study involving patients with recurrent or advanced ESCC, treatment with anlotinib 
plus paclitaxel and cisplatin as the first-line therapy yielded an ORR of 76.1%, a median PFS of 8.38 months with 12- 
month PFS of 25.17%, and a median OS of 18.53 months with 2-year OS of 37.21%.18 Our ORR, 12-month PFS and 
3-year OS of patients in the CRT plus anlotinib group were 86.7%, 47.1% and 42.7%, respectively, which were greater 
than those reported in the phase II study. The higher ORR in this study may be attributed to the synergistic effect of CRT 
and anlotinib. A recent study has demonstrated that anlotinib can hinder radiotherapy-induced DNA double-strand breaks 
repair, increase the accumulation of cytosolic dsDNA and activate cGAS/STING signaling pathway, thus enhancing the 
response of tumor to radiotherapy.41

Although chemotherapy has been a widely used first-line therapy for advanced or metastatic ESCC, survival benefits 
were recently reported with anti-PD-1 immunotherapy plus chemotherapy over chemotherapy alone.42–44 In the multi
center Phase III ORIENT-15 and JUPITER-06 studies,45,46 anti-PD-1 immunotherapy (sintilimab, toripalimab) combined 
cisplatin plus paclitaxel significantly improved PFS and OS compared with cisplatin plus paclitaxel chemotherapy alone 
in the treatment of advanced or metastatic ESCC, with 1-year PFS ranging from 27.8% to 38%, and 1-year OS ranging 
from 52% to 66%. Treatment efficacy in our study was higher than reported for sintilimab or toripalimab in patients with 
advanced or metastatic ESCC.

In the present study, multivariate analysis revealed that the number of recurrent lymph node, tumor response after 
CRT and treatment group were independent prognostic factors for OS. Recently, researchers have made efforts to identify 
prognostic factors for patients with postoperative lymph node recurrence of ESCC. Age, radiation dose, ECOG PS, 
number of recurrent lymph nodes, tumor size, and chemotherapy regimen have been demonstrated to be significant 
prognostic factors.27,32,47–49 Yamashita et al reported that patients with a maximum lymph node diameter ≤ 22 mm had 
a significantly better prognosis than those with a diameter > 22 mm.30 Nemoto et al demonstrated that patients with 
a short time interval between surgery and recurrence and younger patients had shorter survival times.50 Our results were 
different from previous findings. The radiation dose, ECOG PS, and chemotherapy regimen did not significantly affected 
OS. In addition, contrary to previous studies, our results showed that older patients had a worse prognosis. The 
differences in treatments and stage of primary tumor or the heterogeneity of the patient populations may be possible 
explanations for the difference in survival.

In our study, the incidence of grade 3–4 TRAEs in the CRT plus anlotinib group was 39.5%, which was consistent 
with that of previous CRT for patients with lymph node recurrence of ESCC.29,51 The most common grade 3–4 TRAEs 
observed in the CRT plus anlotinib group were leukopenia, neutropenia, anemia, nausea/vomiting, and esophagitis, 
indicating that the majority of these TRAEs were associated with CRT. There was no increase in toxicity with the 
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addition of anlotinib other than some non-hematological adverse events. Hypertension, hand-foot syndrome, proteinuria 
and diarrhea observed in the present study are adverse events that had previously been associated with anlotinib 
treatment.52,53 These adverse events occurred at a similar incidence to those observed in other anti-vascular targeted 
therapies.37,54 Hemorrhage, previously reported as the most serious complication of anlotinib, was reduced in the present 
study. All TRAEs during the CRT period were manageable, demonstrating that anlotinib can be safely added to CRT.

This study had several limitations. First, this was a single-center retrospective analysis, resulting in inherent selection 
bias, despite we used PSM analysis to mitigate these biases. Second, the number of patients included in this study was 
small. In addition, some patients received subsequent therapies after disease progression, which might affect the survival 
analysis.

Conclusion
In conclusion, compared with CRT alone, the addition of anlotinib to CRT significantly improved the response rate and 
survival outcomes in patients with postoperative lymph node recurrence of ESCC. Prospective randomized clinical trials 
are needed to confirm the clinical benefits of this combination.
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