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Original Article
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Background: A paucity of strategies exist for extensive-stage small cell lung cancer (ES-SCLC) patients 
who fail the first-line chemotherapy. Apatinib is a tyrosine kinase inhibitor (TKI) that selectively inhibits 
vascular endothelial growth factor receptor-2 (VEGFR-2), which has been demonstrated to have active anti-
tumor activity in ES-SCLC when used only or combined with PD-1 inhibitors or chemotherapy with good 
tolerance. However, the efficacy and safety of apatinib monotherapy is unclear in second-line or beyond 
treatment of ES-SCLC.
Methods: In this prospective, exploratory, single-arm, multi-center study, eligible patients were aged 18 
years or older with histologically confirmed ES-SCLC, and had progressed on, or were intolerant to previous 
systemic treatment. Patients received apatinib 500 mg (orally qd, every 4 weeks a cycle). The efficacy was 
assessed after 1 cycle and then every 2 cycles based on computed tomography imaging per the Response 
Evaluation Criteria in Solid Tumors (RECIST, version 1.1). The primary endpoint was progression-
free survival (PFS). The adverse events (AEs) were assessed per the National Cancer Institute Common 
Terminology Criteria for Adverse Events 4.0 (NCI-CTCAE 4.0). This study is registered in the Chinese 
Clinical Trial Registry, number ChiCTR-OPC-17013964. 
Results: From 28 July 2017 to 21 June 2019, 62 patients were screened for eligibility, among whom 57 
patients were available for efficacy and safety analysis. The objective response rate (ORR) was 14.3% and 
disease control rate (DCR) was 79.6%. The median PFS was 5.6 months [95% confidence interval (CI): 3.3–
8.0 months] and the median overall survival (OS) was 11.2 months (95% CI: 7.5–24.0 months). Among the 
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Introduction

Lung cancer is the most common malignancy worldwide, with 
more than 787,000 new cases diagnosed and 631,000 deaths  
in China in 2015 (1). Small cell lung cancer (SCLC) accounts 
for approximately 15–20% of total lung cancer cases (2), of 
which more than two thirds are extensive stage (ES) at the 
time of diagnosis (3). As a recalcitrant malignancy, the 2-year 
survival rate of ES-SCLC is less than 5% (4) attributable to 
the elusive pathophysiology, aggressive biology, and stagnated 
therapeutic progress of ES-SCLC in the past decades. The 
combination of platinum and etoposide was the cornerstone 
of therapy for first-line SCLC (5), until the Phase III 
IMpower133 (6) and CASPIAN (7) trials demonstrated 
remarkable superiority of chemoimmunotherapy in 
extending overall survival (OS) by adding programmed cell 
death protein 1 (PD-1) axis inhibitors to platinum-based 
chemotherapy. Based on these pivotal Phase III data, the 
American Food and Drug Administration (FDA) and the 
National Medicine Products Administration (NMPA) of 
China approved the combination of carboplatin, etoposide, 
and the anti-programmed cell death ligand 1 (PD-L1) 
antibody atezolizumab as a first-line treatment, which was a 
pivotal advance for SCLC treatment.

Despite the fact that SCLC is sensitive to initial therapy, 
up to 80% of patients will experience relapse and eventually 
die from systemic metastases (8). However, until 2020, 
topotecan was the only recommended second-line therapy 
with an objective response rate (ORR) not exceeding 25% 
and OS of 6–9 months (9). It held this status based on its 
ability to prolong OS compared with best supportive care (10)  
and noninferiority in controlling symptom versus 
cyclophosphamide, doxorubicin, and vincristine in patients 
relapsing from front-line chemotherapy (11). Therefore, it 

is urgently necessary to develop more effective therapeutic 
strategies for chemotherapy-refractory SCLC. 

Emerging evidence has demonstrated that angiogenesis is 
a vital facilitator during the growth, invasion, and metastasis 
of SCLC, during which vascular endothelial growth factor 
(VEGF) is one of the most important mediators of tumor 
angiogenesis, whose high-level expression was also shown 
to be associated with inferior prognosis for SCLC (12,13). 
Therefore, the anti-VEGF/vascular endothelial growth 
factor receptors-2 (VEGFR-2) axis is an attractive target for 
the treatment of SCLC, which underlines a convergence 
with non-small-cell lung cancer (NSCLC). Furthermore, 
this concept has been verified in several anti-angiogenic 
clinical trials of ES-SCLC (14). However, the clinical trials 
of bevacizumab (an anti-VEGF antibody) and sunitinib 
(a multi-targeted receptor tyrosine kinase inhibitor) in 
previously untreated SCLC patients demonstrated that the 
results do not meet expectations, despite some improved 
progression-free survival (PFS) and/or OS (15-17). It 
follows then that the magnitude of benefit from anti-
angiogenic therapy in SCLC patients is limited. Therefore, 
additional studies of novel anti-angiogenesis agents and 
strategies for ES-SCLC are warranted.

Apatinib is an orally administered small molecular 
tyrosine kinase inhibitor (TKI) that selectively inhibits 
VEGFR-2 (18). It has been approved for the third-line or 
beyond treatment of advanced gastric cancer in China (19) 
and the second-line or later-line treatment of hepatocellular 
carcinoma (20). Furthermore, apatinib has shown efficacy 
in other solid tumors with a high level of safety, such as in 
NSCLC (21), breast cancer (22), gestational trophoblastic 
neoplasia (23), cervical cancer (24), esophageal squamous 
cell carcinoma (25), chordoma (26), and osteosarcoma (27), 

participants who received apatinib as second-line treatment, the median PFS and OS were 6.1 months (95% 
CI: 2.6–7.6 months) and 12.0 months (95% CI: 7.9 months to not reached), respectively. The most common 
AEs of all grades were anemia (36.8%), hypertension (33.3%), fatigue (31.6%), blood bilirubin increased 
(22.8%), elevated transaminase (19.3%), and hand-foot syndrome (17.54%). Grade 3 AEs included 2 (3.5%) 
cases of hypertension and 1 (1.8%) case of fatigue. No grade 4/5 AEs were observed.
Conclusions: Apatinib showed encouraging anti-tumor activity in pretreated ES-SCLC patients with 
tolerable toxicities. Further larger scale studies are warranted to demonstrate the efficacy of apatinib.
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in monotherapy or combined therapy. 
Apatinib has been demonstrated to exert an active 

anti-tumor effect on SCLC, not only in vitro and in vivo  
research (28), but also in several clinical trials in ES-SCLC 
(29-32). When used alone, apatinib achieved an ORR 
of 17.5% in per-protocol population with a median PFS 
of 3.0 months and a median OS of 5.8 months in third-
line or beyond treatment of ES-SCLC (29). Meanwhile, 
apatinib monotherapy was well tolerated with manageable 
toxicity, as that the incidence of the most common grade 3 
or greater adverse events (AEs) were hypertension (25%), 
hand-foot syndrome (10%), L-gamma glutamyltransferase 
increased (10%), aspartate aminotransferase increased 
(7.5%), and thrombocytopenia (7.5%). Besides, dose 
reduction occurred in 37.5% of patients in safety 
analysis during treatment (29). Additionally, long-
term efficacy of adding low-dose apatinib, during the 
chemotherapy interval and maintenance therapy following 
chemotherapy in the first-line treatment of ES-SCLC, 
increased median PFS by 2.9 months (7.8 vs. 4.9 months)  
and median OS by 3.9 months (12.1 vs. 8.2 months) (31). 
When apatinib was combined with camrelizumab, an anti-
PD-1 antibody, the confirmed ORR reached 34.0% with the 
median PFS and OS of 3.6 and 8.4 months, respectively, 
in patients who had progressed on platinum-based first-
line chemotherapy (30). Together, though apatinib has been 
demonstrated to have promising anti-tumor activity with a 
good safety profile in third-line or beyond treatment of ES-
SCLC, it is not clear about the efficacy and safety of apatinib 
monotherapy in ES-SCLC patients with progression after 
first-line chemotherapy. Thus, we designed this prospective 
study to evaluate the efficacy and safety of apatinib in the 
second- or third-line treatment of ES-SCLC patients. We 
present the following article in accordance with the TREND 
reporting checklist (available at https://tlcr.amegroups.com/
article/view/10.21037/tlcr-22-313/rc).

Methods

Study design and patients

This is a prospective, exploratory, open-label, multicenter, 
single-arm clinical trial. Eligible patients were enrolled at 16 
hospitals or medical centers in China. To be enrolled, patients 
had to be older than 18 years; have histologically diagnosed 
ES-SCLC according to the Veterans Administration Lung 
Cancer Study Group (VALSG) staging system; failed at 
least 1 line of chemotherapy; at least 1 measurable lesion as 

defined by Response Evaluation Criteria in Solid Tumors 
Version 1.1 (RECIST 1.1); Eastern Cooperative Oncology 
Group performance status (ECOG PS) of 0 to 2; estimated 
survival duration of ≥3 months; and adequate renal (creatinine 
≤120 mol/L) and hematologic functions.

Exclusion criteria included: (I) participation in other 
research in the prior 4 weeks; (II) dysphagia, chronic 
diarrhea, or intestinal obstruction; (III) central nervous 
system metastases; (IV) uncontrolled hypertension (i.e., 
systolic blood pressure ≥140 mmHg or diastolic blood 
pressure ≥90 mmHg, despite optimal drug treatment); (V) 
history of hemorrhage or severe cardiovascular disease, such 
as unstable angina, myocardial infarction within 6 months 
before enrollment, poorly controlled arrhythmias (including 
men with QTc interval ≥450 ms, women ≥470 ms) 
according to New York Heart Association criteria, grades 
III to IV insufficient function; (VI) urinary protein ≥++; 
(VII) severe traumatic injury or fracture; (VIII) abnormal 
blood coagulation or a clear tendency to hemorrhage, low-
dosage warfarin or aspirin were allowed as prevention if 
international normalized ratio (INR) ≤1.5; (IX) events 
of arterial and/or venous thrombosis occurring within  
6 months before enrollment such as cerebrovascular 
accidents (including transient ischemic attacks), deep vein 
thrombosis, and pulmonary embolism; (X) pregnancy; and 
(XI) history of thyroid dysfunction, psychoactive substance 
abuse, immunodeficiency, hydrothorax, or ascites.

This study is registered with the China Trial Register, 
number ChiCTR-OPC-17013964. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013). The study protocol and amendments were 
reviewed and approved by the Ethics Review Committee of 
The Fourth People’s Hospital of Wuxi (which is the former 
name of Affiliated Hospital of Jiangnan University) (No. 
LS2017045). All participating institutes were informed and 
agreed the study. All patients provided written informed 
consent before study entry.

Treatment

Patients received apatinib (500 mg orally qd) 30 min after 
meals, continuously in 4-week cycles. Apatinib was taken 
at home until disease progression, intolerable toxicities, 
physician or patient’s decision, or death. If severe AEs 
occurred, the dosage could be reduced to 250 mg. If 
participants could not tolerate apatinib at dosage of  
250 mg qd, they were recommended to take apatinib on 
an intermittent schedule with 3 weeks on/1 week off. 

https://tlcr.amegroups.com/article/view/10.21037/tlcr-22-313/rc
https://tlcr.amegroups.com/article/view/10.21037/tlcr-22-313/rc
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Treatment interruption resulting from toxicities was allowed 
for no more than 14 days. If patients still could not tolerate 
250 mg, they were removed from the study. All participants 
took vitamin B6 3 times daily in order to prevent hand-foot 
syndrome, a common AE of apatinib. Nonsteroidal anti-
inflammatory drugs and dexamethasone were used to treat 
hand-foot syndrome.

Assessment and endpoints

Tumor assessments were performed by radiographic imaging, 
including computed tomography (CT) and magnetic 
resonance imaging (MRI), at baseline, after 1 cycle of apatinib 
treatment, and then every 2 cycles (±7 days) thereafter until 
disease progression. During follow-up, the CT imaging of 
the chest and abdomen were conducted, and enhanced MRI 
if necessary. Laboratory biochemical tests, such as serum 
chemistry, routine urine examinations, and vital signs, such 
as physical examinations and 12 lead electrocardiograms, 
were monitored every month during treatment. Survival 
was followed up continuously during treatment, and every  
2 months after discontinuation of apatinib.

The efficacy analysis was conducted in the full analysis 
set (FAS) including participants who received at least 1 

dose of apatinib without serious protocol violation. The 
primary endpoint was PFS, which was defined as the time 
from the date of entry to that of disease progression or 
death from any cause. Secondary endpoints included OS, 
ORR, disease control rate (DCR), and safety. The OS was 
defined as the time from entry to the date of death. The 
ORR included the complete response (CR) and partial 
response (PR); the DCR included the CR, PR, and stable 
disease (SD). Tumor response and progression were 
assessed according to RECIST 1.1 (33,34). The safety 
analysis was conducted among participants who received 
at least 1 dose of apatinib, except those without any safety 
data. AEs were graded according to the National Cancer 
Institute Common Terminology Criteria for Adverse 
Events (NCI-CTCAE 4.0; https://evs.nci.nih.gov/ftp1/
CTCAE/CTCAE_4.03/Archive/CTCAE_4.0_2009-05-29_
QuickReference_8.5x11.pdf). 

Statistical analysis

A total of 60 eligible ES-SCLC patients was designed to 
enroll in this exploratory study. The demographic data, 
outcome data, and other clinical parameters were presented 
as the frequency for categorical variables, and the median 
with interquartile range (IQR) for age variable. For ORR 
and DCR, point estimates and exact Clopper-Pearson 
confidence intervals (CIs) were provided. Median PFS and 
OS were estimated by Kaplan-Meier methodology and 
were reported with 95% CIs. Log-rank tests were used for 
survival endpoints among subgroups. Cox proportional 
hazards models were used for multivariate analysis to 
estimate the prognostic factors for PFS and OS. The 
prognostic factors were identified statistical significance 
if P<0.05. All the statistical data were analyzed using SAS 
9.4 (SAS Institute, Cary, NC, USA) with two-sided testing 
(α=0.05). A P value <0.05 was considered significant. 

Results

Participant characteristics

From 28 July 2017 to 21 June 2019, 62 patients were 
screened, of whom 57 eligible patients received apatinib 
monotherapy as second-line or beyond treatment and 
included in the FAS (Figure 1). The baseline characteristics 
of the participants are shown in Table 1. Their median age 
was 61 years (IQR, 55–66 years), and 46/57 (80.70%) were 
male. Primary tumors were in the right lung in 68.4% 
(39/57) with 31.6% (18/57) in the left. A total of 18 (31.6%) 

62 patients diagnosed with small 
cell lung cancer screened between 

July 2017 and June 2019 

57 patients receiving apatinib 
monotherapy as second-line or 

beyond

6 continued treatment

49 included in the efficacy analysis
57 included in the safety analysis

5 patients not fulfilling the inclusion 
criteria

51 discontinued treatment
• 31 disease progression
• 3 withdrew 
• 6 adverse events
• 9 died
• 2 lost to follow-up

Figure 1 Patient disposition.

https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03/Archive/CTCAE_4.0_2009-05-29_QuickReference_8.5x11.pdf
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03/Archive/CTCAE_4.0_2009-05-29_QuickReference_8.5x11.pdf
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03/Archive/CTCAE_4.0_2009-05-29_QuickReference_8.5x11.pdf
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patients had ≥3 metastatic lesions and 7 (12.3%) participants 
did not have a metastatic lesion. More than half (52.6%, 
30/57) of the patients received apatinib as second-line 
treatment, while 42.1% (24/57) and 5.3% (3/57) received it 
as third- and fourth-line treatment, respectively. The prior 

chemotherapy regimens or prior anticancer therapies are 
summarized in Table S1. Briefly, etoposide and platinum in 
first-line treatment and irinotecan based or in combination 
with platinum in the second-line were the most common 
regimens, in 77.2% and 66.7% patients, respectively.

Table 1 Baseline characteristics

Characteristic ES-SCLC participants (N=57)
Apatinib Treatment Line

Second-line (n=30) Third-line (n=24) ≥ Forth-line (n=3)

Age, years, median [IQR] 61 [55–66] 61 [57–66] 62 [53–66] 66 [65–73]

Age, n (%)

<60 years 19 (33.3) 8 (26.7) 11 (45.8) 0 (0.0)

≥60 years 38 (66.7) 22 (73.3) 13 (54.2) 3 (100.0)

Gender, n (%)

Male 46 (80.7) 22 (73.3) 22 (91.7) 2 (66.7)

Female 11 (19.3) 8 (26.7) 2 (8.3) 1 (33.3)

ECOG score, n (%)

<2 31 (54.4) 15 (50.0) 15 (62.5) 1 (33.3)

2 26 (45.6) 15 (50.0) 9 (37.5) 2 (66.7)

Primary lesion, n (%)

Right lung 39 (68.4) 23 (76.7) 14 (58.3) 2 (66.7)

Left lung 18 (31.6) 7 (23.3) 10 (41.7) 1 (33.3)

Apatinib treatment Settings, n (%) – 30 (52.6) 24 (42.1) 3 (5.3)

Prior surgical resection, n (%)

Yes 1 (1.75) 0 (0.0) 1 (4.2) 0 (0.0)

No 54 (94.7) 29 (96.7) 22 (91.7) 3 (100.0)

Missing 2 (3.5) 1 (3.3) 1 (4.2) 0 (0.0)

Radiotherapy, n (%)

Yes 45 (79.0) 23 (76.7) 19 (79.2) 3 (100.0)

No 10 (17.1) 6 (20.0) 4 (16.7) 0 (0.0)

Missing 2 (3.5) 1 (3.3) 1 (4.2) 0 (0.0)

Metastatic lesion number, n (%)

0 7 (12.3) 4 (13.3) 3 (12.5) 0 (0.0)

1 18 (31.6) 10 (33.3) 6 (25.0) 2 (66.7)

2 14 (24.6) 8 (26.7) 5 (20.8) 1 (33.3)

≥3 18 (31.6) 8 (26.7) 10 (41.7) 0 (0.0)

ES-SCLC, extensive stage small cell lung cancer; IQR, interquartile range; ECOG, Eastern Cooperative Oncology Group.

https://cdn.amegroups.cn/static/public/TLCR-22-313-Supplementary.pdf
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Efficacy

With a median follow-up of 8.6 months (range, 1.0– 
24.3 months), 49 of 57 patients were eligible for efficacy 
analysis in FAS. The other 8 patients were not evaluable 
for efficacy analysis, with 3 patients withdrawing informed 
consent and 5 patients discontinuing treatment for AEs 
before efficacy evaluation (4 hypertension and 1 neutrophil 
count decreased combined with concomitant white blood 
cell decreased). According to the investigator assessment, PR 
was achieved in 7 (14.3%) cases, and SD was exhibited in 32 
(65.3%) cases, with no CR (Table 2). A total of 10 (20.4%) 
participants experienced progressive disease (PD) with 3 
deaths occurring in the first cycle. The ORR and DCR were 
14.3% and 79.6% in this study, respectively. In addition, 

the median PFS was 5.6 months (95% CI: 3.4–6.5 months) 
(Figure 2A), while the median OS was 11.2 months (95% CI: 
7.5–24.0 months) (Figure 2B).

Among the participants who received apatinib as second- 
and third-line treatment, 24 out of 30 and 22 out of  
24 cases were evaluable for efficacy analysis, respectively. In the 
second-line treatment, the ORR and DCR were 12.5% and 
87.5%, respectively, resulting from 3/24 (12.5%) PR, 18/24 
(75.0%) SD, and 3/24 (12.5%) PD; meanwhile, the median 
PFS and OS were 6.1 months (95% CI: 2.6–7.6 months)  
and 12.0 months (95% CI: 7.9 months to not reached), 
respectively (Figure 3). Furthermore, in the third-line therapy, 
the ORR and DCR were 18.2% and 68.2%, respectively, 
with 4/22 (18.2%) PR, 11/22 (50.0%) SD, and 7/22 (31.8%) 

Table 2 Response rate and disease progression

Clinical outcome ES-SCLC patients (N=49)
Apatinib treatment line

Second-line (n=24) Third-line (n=22) ≥ Forth-line (n=3)

CR, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.0)

PR, n (%) 7 (14.3) 3 (12.5) 4 (18.2) 0 (0.0)

SD, n (%) 32 (65.3) 18 (75.0) 11 (50.0) 3 (100.0)

PD, n (%) 10 (20.4) 3 (12.5) 7 (31.8) 0 (0.0)

ORR (%), median (95% CI) 14.3 (4.5–24.1) 12.5 (0.0–25.7) 18.2 (2.01–34.3) 0 (0.0)

DCR (%), median (95% CI) 79.6 (68.3–90.9) 87.5 (74.3–100) 68.2 (48.7–87.6) 100.0

PFS (months), median (95% CI) 5.6 (3.4–6.5) 6.1 (2.6–7.6) 5.4 (1.8–6.5) 3.6 (3.2–12.0)

OS (months), median (95% CI) 11.2 (7.5–24.0) 12.0 (7.9–NR) 7.5 (5.6–24.0) 11.2 (7.1–14.1)

ES-SCLC, extensive stage small cell lung cancer; CR, complete response; PR, partial response; SD, stable disease; PD, progressive 
disease; ORR, overall response rate; DCR, disease control rate; PFS, progression-free survival; OS, overall survival; NR, not reached; CI, 
confidence interval.
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Figure 2 Kaplan-Meier curves of PFS (A) and OS (B). PFS, progression-free survival; OS, overall survival.
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PD, and the median PFS and OS of patients who received 
apatinib as third-line treatment were 5.4 months (95% CI: 
1.8–6.5 months) and 7.5 months (95% CI: 5.6–24.0 months), 
respectively (Figure 4).

Multivariate analysis

According to Cox multivariate regression analysis, the 
association between the clinical variables and survival 
outcomes, ECOG PS of 2 is significantly correlated with 
PFS [P=0.01, hazard ratio (HR) =4.26]. The occurrence of 
hand-foot syndrome (P=0.01, HR =0.09), fatigue (P=0.01, 
HR =6.37) and oral mucositis (P=0.01, HR =43.87) was 
significantly associated with longer PFS (Table 3). All the 
variables were not found to have significant effect on OS.

AEs

All 57 participants were included in the safety analysis. The 
most common AEs were anemia (36.8%), hypertension 
(33.3%), fatigue (31.6%), blood bilirubin increased (22.8%), 
elevated transaminase (19.3%), and hand-foot syndrome 
(17.5%). Most of the AEs were grade 1–2, which were 
alleviated after reducing apatinib dose or symptomatic 
treatment. Grade 3 AEs only occurred in 3 participants, 
1 case for each of hypertension, fatigue, or headache  
(Table 4). No grade 5 AE was observed. Six patients 
discontinued apatinib treatment for hypertension (1 case 
of grade 1, 2 cases of grade 2, and 1 case of grade 3), 
neutrophil count decreased combined with white blood cell 
decreased (1 case of grade 2), and fatigue (1 case of grade 2).
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Table 3 Multivariate analysis between clinical variables and survival outcomes

Factors
PFS OS

P value HR (95% CI) P value HR (95% CI)

Age group (≥60 years) 0.62 1.36 (0.4–4.63) 0.53 1.68 (0.33–8.58)

Gender (male) 0.44 1.82 (0.4–8.31) 0.45 2.17 (0.29–16.06)

ECOG PS (=2) 0.01 4.26 (1.41–12.92) 0.64 0.75 (0.23–2.47)

Hypertension as AE 0.46 0.59 (0.14–2.40) 0.23 2.8 (0.52–15.18)

Proteinuria as AE 0.30 2.43 (0.45–13.04) 0.61 0.44 (0.02–10.24)

Hand-foot syndrome as AE 0.01 0.09 (0.01–0.62) 0.16 0.19 (0.02–1.89)

Mucositis oral as AE 0.01 43.87 (2.22–866.43) 0.77 1.66 (0.05–51.25)

Fatigue as AE 0.01 6.37 (1.71–23.71) 0.83 1.18 (0.27–5.12)

PFS, progression-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology 
Group performance status; AE, adverse event.

Table 4 Overview of adverse events in all ES-SCLC patients (N=57)

Events Grade 1 Grade 2 Grade 3 Total

Anemia 21 (36.8) 0 0 21 (36.8)

Blood bilirubin increased 11 (19.3) 2 (3.5) 0 13 (22.8)

Elevated transaminase 10 (17.5) 1 (1.7) 0 11 (19.3)

Neutrophil count decreased 9 (15.8) 1 (1.7) 0 10 (17.5)

Platelet count decreased 8 (14.0) 1 (1.7) 0 9 (15.8)

Alkaline phosphatase increased 4 (7.0) 3 (5.3) 0 7 (12.3)

Creatinine increased 4 (7.0) 0 0 4 (7.0)

Hypertension 10 (17.5) 7 (12.3) 2 (3.5) 19 (33.3)

Fatigue 14 (24.6) 3 (5.3) 1 (1.8) 18 (31.6)

Hand-foot syndrome 3 (5.3) 7 (12.3) 0 10 (17.5)

Headache 9 (15.8) 0 1 (1.8) 10 (17.5)

Rash maculo-papular 2 (3.5) 1 (1.8) 0 3 (5.3)

Mucositis oral 2 (3.5) 1 (1.8) 0 3 (5.3)

Proteinuria 2 (3.5) 4 (7.0) 0 6 (10.5)

Diarrhea 2 (3.5) 3 (5.3) 0 5 (8.8)

Rash 2 (3.5) 1 (1.8) 0 3 (5.3)

Cough 2 (3.5) 1 (1.8) 0 3 (5.3)

Nausea 1 (1.8) 1 (1.8) 0 2 (3.5)

Hoarseness 1 (1.8) 0 0 1 (1.8)

Data are n (%). ES-SCLC, extensive stage small cell lung cancer.
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Discussion

To our knowledge, this is the first registered and the 
largest clinical trial to investigate the feasibility of apatinib 
monotherapy in second-line or beyond treatment of ES-
SCLC. This study met all its primary and secondary 
endpoints. The results indicated that apatinib monotherapy 
provides encouraging efficacy and tolerable toxicity for ES-
SCLC patients who fail first-line regimens. For evaluable 
patients, the ORR and DCR were 14.3% and 79.6%; the 
median PFS and OS were 5.6 and 11.2 months, respectively. 
In the subgroup analysis, second-line treatment of apatinib 
demonstrated an ORR of 12.5% and a DCR of 87.5% and 
favorable survival result with a median PFS of 6.1 months 
and a median OS of 12.0 months. Furthermore, apatinib 
demonstrated potential efficacy by achieving the ORR and 
DCR to 18.2% and 68.2%, respectively, and demonstrating 
median PFS and OS of 5.4 and 7.5 months, respectively, in 
third-line treatment ES-SCLC.

Currently, topotecan remains the only chemotherapeutic 
agent approved by the FDA for second-line treatment of 
SCLC in the last 2 decades (10,35). Treatment of topotecan 
yielded a response rate of 10–40% and a median survival of 
6.0–8.2 months after failure with etoposide and platinum-
based combination regimen (10,35,36). Bevacizumab, 
another antiangiogenic agent, was also investigated in 
ES-SCLC for second-line treatment, demonstrating 
a median PFS of 2.7–4 months and a median OS of 
6.3–7.4 months (37). In 2020, lurbinectedin emerged as 
a promising cytotoxic agent which exhibited promising 
efficacy in second-line treatment of ES-SCLC with an 
ORR of 35.2%, a DCR of 68.6%, and favorable survival 
with a median PFS of 3.5 months and a median OS of  
9.3 months in a single-arm, phase 2 basket trial (38). In 
our study, apatinib demonstrated a survival benefit of up to 
12.0 months accompanied by a very encouraging DCR of 
87.5%. Acknowledging the inescapable limitations of cross-
study comparisons, apatinib showed a dominant DCR and 
survival benefit in second-line treatment of ES-SCLC when 
compared with topotecan, bevacizumab, and lurbinectedin. 
These results indicate that apatinib might be a promising 
agent for second-line treatment of ES-SCLC. 

There have been two other prospective studies exploring 
the safety and efficacy of apatinib in third-line or beyond 
treatment of ES-SCLC (29,32). Apatinib could achieve an 
objective response in 13.6–18.4% and disease control in 
78.9–95.5% of participants, and prolong the median PFS and 
OS to the extent of 3.0–5.4 months and 5.8–10.0 months,  

respectively (29,32). In this study as third-line treatment, 
the efficacy of apatinib in ORR and DCR were aligned 
with those in previous studies, or potentially had even 
better PFS and OS although comparisons across studies 
are difficult to interpret (29,32). Moreover, anlotinib, an 
orally administered TKI, approved for third-line treatment 
of ES-SCLC by NMPA, significantly prolonged PFS when 
compared with placebo (4.1 vs. 0.7 months, P<0.0001) in 
third-line treatment of SCLC in the ALTER 1202 study. 
Other investigations involving inhibitors of PD-1/PD-
L1 axis have been conducted in patients diagnosed with 
SCLC. The KEYNOTE-158 trial showed that the PFS was  
2.0  months  among SCLC pat ients  who received 
pembrolizumab as third- or later-line treatment (39); 
CheckMate-032 demonstrated a PFS of 1.4 months among 
SCLC patients who received nivolumab monotherapy after 
failing from 2 or more previous chemotherapy regimens (40). 
Though monotherapy of nivolumab and pembrolizumab 
gained the accelerated approval of FDA as third-line 
treatments for SCLC, they were withdrawn considering they 
did not meet the primary endpoints in confirmatory phase III 
studies. All the above studies demonstrated shorter median 
PFS and OS than the present study (Figure S1).

Apatinib has been demonstrated to have direct anti-tumor 
effect and anti-angiogenic effect in pre-clinical studies. 
The mechanisms of direct anti-tumor effect of apatinib 
may involve the inhibition of activating AKT and ERK1/2, 
and enhancing anti-tumor effect by inducing production of 
3-hydroxybutyric acid, which is a class I histone deacetylase 
inhibitor, via activating proliferator-activated receptor α  
(41-43). In the setting of anti-angiogenesis, apatinib 
selectively inhibits the kinase activity VEGFR-2, which 
play pivotal roles in the migration of endothelial cell and 
tube formation, truncating the blood supply in intratumor 
environment (18). It is noteworthy that the ORR of apatinib 
in the third-line treatment is numerically higher than those 
in the second-line. The reason may be partly concerned 
with the more extensive angiogenesis in patients with third-
line treatment, who responded better to anti-angiogenesis 
of apatinib. Additionally, the better response to apatinib in 
later-line ES-SCLC is in line with the effect of apatinib in 
later-line hepatocellular carcinoma, who were refractory to 
the combination treatment of sorafenib and transarterial 
chemoembolization (44). Furthermore, the survival benefits 
observed in the present study appear also comparable to the 
standard first-line chemotherapy regimen with or without 
immunotherapy (6,45). However, these data should be 
validated in a phase III study with adequate power and a 

https://cdn.amegroups.cn/static/public/TLCR-22-313-Supplementary.pdf
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control group. Although direct comparisons across studies 
with different designs and patient populations are not ideal, 
our study indicates that active systemic therapy in pre-
treated ES-SCLC patients is clinically valuable.

The most common AEs reported by previous study of the 
apatinib monotherapy in patients with SCLC who failed two 
or more lines treatment included secondary hypertension 
(57%), proteinuria (48%), oral mucositis (29%), and 
hand-foot syndrome (19%) (32). Our study demonstrated 
similar acceptable safety profile with only mild to moderate 
severity of toxicity. Hypertension and hand-foot syndrome 
were 2 of the most common treatment-related AEs, with 
incidence rates of 33.33% and 17.54%, respectively, which 
could be managed by corresponding medications. Hand-
foot syndrome is one of the common AEs in patients 
treated with apatinib (32,46). VEGFR has been reported as 
primarily responsible for this side effect (47,48). It has been 
reported that the clinical benefit was significantly improved 
in advanced HCC patients who developed VEGF inhibitor 
induced hand-foot syndrome compared with those that 
did not (49). Consistently, multivariate analysis from our 
study revealed treatment-associated hand-foot syndrome 
as an independent predictor of PFS which indicated the 
occurrence of hand-foot syndrome in response to apatinib 
could potentially serve as a predictive biomarker for ES-
SCLC treatment. However, further studies with a large 
sample size are necessary to confirm.

Conclusions

Overall, based on the efficacy and toxicity profile, apatinib 
displayed clear efficacy and manageable toxicity in ES-
SCLC patients who failed first-line chemotherapy. Apatinib 
monotherapy might be a reasonable option to the challenge 
of advanced SCLC treatment after failure of initial 
chemotherapy. As the present study was an exploratory 
single-arm clinical trial, our conclusion is severely limited 
by the small sample and lack of a control group for 
comparison. A randomized multicenter clinical trial with a 
larger cohort is necessary to confirm our findings.
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Supplementary

Table S1 Previous chemotherapy regimens of patients in second-line and third-line or beyond treatment of apatinib

Regimens of prior anticancer therapies Number (%)

Apatinib as second-line or beyond treatment (N=57)

First-line regimens 

Etoposide and platinum 44 (77.2)

Irinotecan and platinum 6 (10.5)

Other 3 (5.3)

Missing 5 (8.8)

Apatinib as third-line or beyond treatment (N=27)

Second-line regimens n (%)

Irinotecan-based

Irinotecan 3 (11.1)

Irinotecan and platinum 15 (55.6)

Etoposide and platinum 3 (11.1)

Taxane-based

Taxane 1 (3.7)

Taxane and platinum 1 (3.7)

Missing 4 (14.8)

Figure S1 The comparison of median progression-free survival 
(PFS) and/or median overall survival (OS) of the clinical trials on 
the second- or beyond-chemotherapy in extensive-stage small cell 
lung cancer (ES-SCLC) patients.
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